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Abatraet

Apparatus hms boon devolopod for ushg the

cyclotron to produce effectively moaoenergotio neutrons.

The D(d,n)Ho3 reaction 1s used, the bombarding douterons

being accelerated to ●bout 10 Mev by the Los Alamos

Cyclotron. The ●nergy of these deuterons is determined

by deflection in ● magnetic field. The He3 particles

emitted Into known aolld angle and having known energy

are counted by a proportional counter. A fieeion counter

having folla on whiah 18 depoeited uniform determined

welghto of U2* la plaaed in the path of the neutrons

aesoelated with the Hes particles. Coinuldencee between

the Hos counter and the flselon counter are reoorded.

The resolving time of the apparatue, and hone. the ac-

cidental coincidencot, ●re determined by moving the fle-

aion counter to ●uch an angle that no real coincidenoos

oam oocur. Slnee the proportional counter reeorde the

Hos flux, and henee the ●seoolatod neutron flux, the

oroes ●ectlon of ’28” ia determined from the real

colneldencoe per Hos count and the thicknese of tho Usw

in $hs path of the neutrons. The valuoa of the oross

seot!.on obtainod together with the standard ●rrors are:

@ (~=808~0,6)= 1.17~.llba-e

=(~=5.6~008) = 0.68~.14 barns

cr(~=8.9 20.5) = 1.04~.18 barme
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NEUTRON FISSION CROSS SEOTION ‘OF U2= IN

THE RPx310N OF NEUTRON ENERGY BETWREN 6 AND 9 WV

Introduct Ion

At Los Alamoa it Is necoeoary to know the

neutron fission cross section of U238 from tho threshold

to the region of 14 Mev (LA-61o).

A number of investigators have determined the

cross section for neutron energies below 3 Mov (moo LA-

520). With the D(d,n)He3 reaction on tha ‘long~ ●lootro-

atatlc generator, the data has been extended to 5.85

Mev (LA-520). More recently, neutrons from the T(d,n)Ho4

reaction have been used to obtain the croaa section at

14 Mev and above (LAMS-777). There waa, however, no

standard way to produce monoenergotic neutrons In the

region from 6 Mev to 14 Mev. In spite of’’the high

neutron background associated with cyclotrons, ● method

has been developed to use the 10 Mev deutorons to produce

●ffectively monoenergetic neutrons of energlea between

6 and 9 Mev. The D(d,n)He3 reaction Is used where only

fissions In colncidenco with He3 particles are counted.

(The crons section for this reaction ●t 10 Mev 1s

*ufflcient for this problem). (LA~-600, Phys. Rev. ~

648, (E-8)(648)).
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1. APPARATUS ASSEMBLY

In order to avoid the background in the im-

madlate vicinity of the cyclotron, the deuteron beam

was used 15 ft. from the cyclotron beyond the water wall

ahielda. Fig. 1 shows the layout of apparatua. The

deflected beam from the cyclotron is brought through

6“ brass tubing to a wedge-shaped focusing magnet. From

+ 0.63°, passes throughhere tho beam, being dlaphragmed to -

● gaa target in the center of a 2 ft. diameter reaction

chamber. Deuterium gas 1s contained in the target by

mica windows over the entrance and exit ports and ovor

a side tube for He3 particles. These particles emitted

Into known aolld angle, and hence having known energies,

are counted by the proportional counter. The flaslon

counter la rotated h a horizontal plane until it is

centered on the cone of neutrons associated with the

H03 particlea. The deuteron beam is monitored by a

Faraday cup and recorded by an electronic

Integrator.

From time to time the energy of

determined by lifting the Faraday cup out

of the beam and allowing the beam to pass

current

the beam fa

of the path

through slits

and then between tho poles of the analyzlng magnet. A

simultaneous measurement of the deflection of the beam

and the magnetlo ffeld given the deuteron energy.

.,
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During ● run the number of H03 particles, the

number of fiastona, and the number of coinofdences b..

twaon them are recorded eleotronfcally. The number of

accidental coincidences is found from the resolving time

of the apparatus (approximately 2 #s) which is determined

experimentally by rum h which the f~saion counter 1s1

rotated at such an angle that there can be no real

ooinaldencea.

Figs. 2 and 3 ●re photograph of the scattar!ng

chamber, fiss!on counter, and analyzing tnagnot.

Figs. 4 and 5 ●re top and #lde view assembly

drawtnga of the reaction ohamber, proportional counter,

●nd fission oounter. The reaction chamber proper, pump

out leads, and alda po~ta arc of welded stool construo-

tlone Tho lid of the reaction chamber is a l-1/2U thick

safety plate glass which reata on two l/4W x l/4U thick

rubber gasketa wh!oh are countersunk In grooves In tho

ring around tho edge of the chamber. The bottom of th!s

chamber In ● 3/4U brass plate which contalna a l/4W

gaaket groove to make the vacuum seal to the chamber. in

tho aontor of the bo~tom plato ia a 2“ dlamoter Wilson

seal through whioh the proportional counter can bc

rotatod at tha doa!rod angle to the beam in thm horizon-

tal plane. The lead to the proportional counter passes

through the oontar of its supporting ●rm. ‘l’heproportional

Sl!lCRBT
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oounter 1s so mountod that it can be adjusted In height

relative to the baa. plate. The high voltage connections

and preamplifiers whlah can b. aeon In the photograph of

Fig. 2 are supported at the end of the 2n tub. which

paa’ses through the Wilson seal. Mounted within the re-

●ction chamber at about the top of the proportional counter

la ● ring accurately graduated in degrees from O - 3600.

All angular measurements are referred to this ring. As

can be seen in the drawing of Fig. 4, the flasl.on

countor 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.-oircular track

soon In Fig. 5, which 1s calibrated against the ring

wlthln the reaction chamber. The height and radial

poaltlon of the flsslon counter are adjustable.

Fig. 21 is a drawing of a typical gaa target,

whleh is supported on ● 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 ●re

mica of thloknesa from 1-3 mg/cm2 depondlng on the an-

gular region being investigated. The target 18 so con-

structed that the proportional aounter can only see

the beam where it is bombarding the target gaa, and

hence Me charged particle background due to bombardment
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d Whdowa, ●tc., 1S ●lhlmtods S1.milOI’ tar6et~ wore

uaod in which the sfde ports meko angles of 2@ -d

30° with the be- axla.

Fig. 6 Is ● drawing of the Faraday cage sec-

tion, showing how the Faraday oage oen b. removed fro=

the path of the beam by moons of the Wilson seal.

Permanent bar megmts arranged to give ● field at tho

bottom of tho aup perpendicular to the ●xis of the beu

lmmobilko secondary electrons produced by tho ham.
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II. FOCUSING THE CYOLOTRON !3E&l

In many experiments associated with ● cyolotron

it Is desirable to have tho beam some dtstance from the

accelerating chamber, both for the reduction of neutron

background and for the ease of installation of ●xperi-,

mental appamatun. This was accompllahed during the w~

by Feynaan, Lavatelll, 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 spent adjuating the

position of the focus magnet and the target chamber

so that the best possible focus was obtained. Thes e

adjustments were greatly facilitated by the use of a

television pl.ckup and camera which permitted continuous

observation of the focused apot of deuterons, as observed

on a wlllemlte [zinc orthosllicate) screen placed at

the ●nd of the ex!t tube. By this means the bent focal

distance wan determined and also the best poaftlon of

the focus magnet with referenee to the target. The

outline of the ●aaential apparatua is shown in Fig. 7.

The wlllemlte screen was placed on ● glass plate at the

end of a telesooplng tube which could then be adjusted

to ●ny desired distance and the effect m the focus
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observed, The focused spot was approximately l/4-inch

wide by 3/4-inch high ●nd under the optimum operating

condition ● beam of 5 microampere of 10 Mov deuterons

aould b. obtained over this area.

One additional piece of equipment was added,

namely an ●lectronic 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 in located ●pproximately

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 aa it leavea the center of the

scattering chamber. In order to restrain the beam to

● known d~rection a alit l-1/8w wide by 13/16” high was

placed between

at ● distance

diaphragm with

the focus magnet and the scattering chamber

of 71.6” from the target and a gold

● lt/2mhole placed at the target ●ntry port

so that the beam was defined to ~ 0.63 degrees in the

horizontal and ~ 0.53 degrees in the vertical dlrectlon.

To determine the exact direction of the beam

as it paseea through the gas target chmber~ ● BM1l

aperture (1/8” diameter) Faraday cup was mounted on the

proportional counter. This was moved through the beam

and the current pioked up by the CUP measured by ●
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DC ampllfler. Thus the angular spread of the beam could

be measured and its angular direction in paasing through

the aeatterlng chamb,r determined. A samplo curve of the

angular spread 1s shown in Fig. 8. Thin ia the spread

expected from the geometry of the experiment. Rutherford

scattering due to the front window of the gas target

does not increase appreciably the angular spread, since

only about 0.4$ of the beam would be soattered more than

one degree.

Under nomnal operating condltl na on. obtains

a beam of deuterons on the exit port from the cyclotron

whleh la ●onaitlve to defleotor voltago. With ● high

defleatlng voltage the beam hittln% the outalde of the

focus magnet may be 25 mieroamperos; b~ lowering the

deflector voltage ● beam of ●pproximately 10 microampere

hits the insido of the ●xit tub.. For optimum eondi-

tione one adjusts for the valley between the two peaks,

whleh indicates that tho maximum 1s hitting tha 5“ x @a

opening through the focus magnet. Conditions oan ●lso

be varied so that very llttle current 1s atrlklng the

exit tube, which la desirable for the reduction of

background.

The position of the deflector tilt 1s quite

l.mportantto obtain a maximum beam at the target. In

general, ● tilt toward tho Dee reduces tho defleotor
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APPROVED FOR PUBLIC RELEASE



,.

I
I

-3.0° -2.0° -M” o 1,0 2.0P . ------- 0 9

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-19-

voltage neceaaary to hit the focus magnet;

Increases the voltage required.

Tho beam current was measured by meana of a

Faraday cage (Fig. 1) connected to an electronic current

integrator (D~. #704). The cage could be lifted through

a Wilson seal, so that the beam could pass through the

alit section and into the analyzing magnet, when the

energy of the beam was measured.

,.
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The ●nergy of the beam of deuteron lone was

measured by a magnetic defloctlon method followlng the

general procedure described by Creutz and Wilson (R91

1’7, 385, 1946). This involves the measurement of the

deflection of the deuteron beam and the aimultaneoua

measurement of the magnetic field causing the deflection.

A. Experimental Arrangement:

The experimental arrangement Is shown in Fig. 9.

It conaiata of a magnet with rectangular pole pleaea

(28.54 x 25 em), a fluorescent screen for observation

of the deuterons, and ● single turn rectangular flux

coil for meaeuroment of the

●aotlon 1s provided between

l?zing magnet to define the

TIN energy of the

f%eld. An adjustable ●l%t

the gaa target and the ana-

beam.

deuteron beam 1s given

approximately by tho following formula, whloh la derived

from the equatfons of motion (see Appendix I):

where W is the ●nergy of the deutoron beam in ergs,

D 10 the deflection as measured on the’fluoreseont

scroon, e la the charge on the deutoron, M. tha ~at

mans of tha doutaron, a and b are dimensions of tho

●pparatus aa shown in Fig. 9.
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The

Hdx where H

-22-

Measurement of Field:

quantity A in

1s the change

by breaking the magnetizing

along the initial direction

value of A la determined by

Equation (1) is equal to

In magnetio field produced

current and x Is measured

of the deuteron beam. The

use of the single turn coil

of width W which extends through the magnetic field from

a zero field region on one side of the magnet to a zero

field region on the other. The ends of this coil are

brought out with a twlated pair to reduce the effect of

stray fields and connected to the secondary of a mutual

inductance M as shown in Fig. 10. The coil was construc-

ted by winding a single turn of 0.001 fnch copper strap

around a rectangular luclte form. The form was accurately

machlned”ao that the wldth~ W~ of the completed CO1l

was 1.033 ~ 0.002 inches. The total flux as measured

with the coil Is equal to w
J

Hdx which is equal to

M A I where AI 1s the current through the primary of

M necessary to balance out the emf developed by the

change in flux through the CO1l. The current A I

was measured with a potentiometer bridge and standard

resistance.

Since in thla method only a single deflection

was measured rather than reversing the magnetic fleld~

as was the ease in the method of Creutz and Wllsons
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● ●all correction waa necessary for

of tho magnet. ThlIIwan obtained by

tho rcsldual Slold

using ● small flip

0011, which was oallbrated against the single turn coil

#o that the residual field could be meaaured and the

oorroatlon applied. Since the residual field eauaoa

compensating eorreotion In both D and H the correction to

the energy 10 small. The ●dvantage of measuring the field

by breaking the current to the magnet rather than rever-

sing this current lies in the faot that the time constant

in the former caae la short ●nough to ●ll.minate● cor-

reotlon for galvanometers drift.

c.

The

la calibrated

raey. It was

Disousaion of Errors;

mutual inductance used in these ●xporiaenta

by Leed8 and Northrup to ~ 0.5$ ●ecu-

compared with two other inductances ●nd

found to agree wlthln 0.2$.

The width of the unreflected deuteron boom

was approxlmatelyam mm wide. When deflected aha width

Increaaed about 0.5 mm, indicating ● spread of energy

within the beam of approximately 1%. The poeition of

the beam could be read to 0.5 mm in 160 nan, or ● maxi-

mum error of 0.3s.

The geometrical constants a, b, and w oould be

meaaured to better than 0.2$.

Since the energy la proportional to A2@
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the expected accuracy 18 of the order of ? 2$.

Since a null method la used for measurement of

the flux the error

18 negligible.

Examples

Introduced by galvanometers drift

of energy measurements for three runs

are given In Appendix II.

D. Abaorptlon Measurements:

Several teata were made ualng aluminum ab-

aorbera to take out moat of the energy of the deuteron

beam and then varying the gas pressure in the target

chamber to give ● range-absorption curve for the beam.

The results of the method showed essential agreement

with the magnetic deflection method ●nd Indicated that

no large error existed, I.e.j a shorted pick up coils

etc..
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IV. ELECTRONIC mawIPm!?l’

Fig. 11 la a blook diagram of the eleotronlc

equipment used. All of the equipment la of standard

dealgn and is identified by the following deaignatlonn:

Pro-amplifiers and main amplifiers - Model 500

Colncldence (Jtrcult - Dwg. 808

Current Ir)tegrator - Dwg. ’704

Scaler8 - Model 200

Meohanloal Counter - Cyolotron Speclaltle# Co.

10 Channel Amplitude Analyzer - Model 301

Precision Pulser - Model 100

The only change made in the electronic ●quip-

ment conaiated in replacing the R-C clippers in the

main ampliflera with delay llne cllppera whioh reduced

the pulses to about 1/5 of their original amplltudea

in about 2 ~s.

This was accomplished by terml.natlng the last

cathode follower in the pro-amplifier with a reaiatance

to ground equivalent to the input retitistance of the main

amplifler, and inserting between the output of the pre.

amplifier and the input of the main amplifier the clmuit

shown in Fig. 12.

Each chamml of the colnoidence clroult

produced pulse gatea 0.85 pa wide. We resolving time

of the ooinoldence olncult was experimentally determined
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with the same counters uned in the actual experiment,

as described in Section VIII. -oH. This experimental

resolving time came very close to the previously de-

termined electronic reeolvlng time.

A preclalon pulser was used to intercalibrate

empliflers, dlscrlminatore, and 10 channel amplitude

analyzer at the beginning and end of approximately

each four-hour period.
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v. FISSION COUNTER

Fig. 13 18
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a sectional assembly of the fission

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 foils on both

afdea. Each plate was made of l/32W dural, the spacing

between plates being 0.396”. The counter was filled

with argon to a pressure of 35#/sq. inch above atmosphere.

This pressure was more than sufficient to stop the most

energetic flsalon particles before they reached the

collecting electrodes. The gas filling was renewed

every 12 hours in order to avojd changes in pulse sises

due to accumulation of fmpurltles in the gas. A voltage

of 4000 volts, well filtered by all network of resiatora

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 btaa setting employed.

The fiaalon pulses, as seen on an oscilloscope,

had a rlae time of slightly leas than 1 pa and a width

of about 2 ps. Random noise was considerably lowor

than the pulses produced by the <- partiolea from tho

active material. < pileup was negligible. The U238

foils for this experiment were made by R. W. Potter.

The foils were made by the Zapon technique, the painting
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4
ha

being done mechanically on an endless belt moving

past a stationary brush into which was fed the Zapon

solution containing U238. By this method it was possible

to obtain foils which were uniform in thickness to better

than 10%. ‘I’heuniformity of the foils was determined

by placing each foil in contact with an <-particle

sensltlve photographic emulsion for an appropriate

time. After exposure the plates were proce88ed and

examined under a mlcro~cope and the number of oL-partl-

cles/unit area was determined for 10 to 12 areas on each

roll. This determined the uniformity of the foils over

very small areaa (~0.1

the number of tracks per

distance from the center

the non-uniformities did

mm2). Fig. 14 1s a plot of

unit area aa a funation of

of a typical foil. Although

exhibit somewhat of a Pabternj

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 wfth liquid porcelain cement.

This eliminated most of the lmpurlty difficulties which

are involved when one uses luclte or duco cement. Even

so, it was found desirable to expose the plates to a

fairly good vacnnxn (S10-4 mm Hg) for 24 hours after

the foll~ were mounted. Fig. 15 gives the energy dts-

tributlon of the fission fragments as observed in the

flsafon counter under normal operating codditlon8.
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0
--4

b

Even more important than an accurate determina-

tion of the untformfty of the U2= foils is the deter-

mination of the actual thlcknesa of the U2= foils,

alnce this enters directly into the equation for the

cross section. The correction that must be made to the

observed number of flsslons can be divided Into two

parts: a correction for the fraction of fissions not

observed because of complete absorption of the energy of

the fragmenta of U308; and a correction for the fraCtiOn

of the fissions not observed because the fragments which

d!d penetrate the U308 did nok have sufficient energy

to overcome the bias setting. Now this latter correction

1s quite easy to make from Fig. 15. Since the bla8

aettlng waa arbitrarily fixed at point B, the curve

was Integrated from A to B and

of observed fiaslona were then

to give the number of fissions

from B to C. The number

55
B+ C

multiplied by A

-&
which occurred and

yielded fragments whloh penetrated the foil. Thin

correction amounted to only 2$. There still remalna

the determination of the absolute thickness of the foil

and the total self-absorption, i.e., abaorptlon which

prevented fragmenta from penetrating the foil. It

appeared that the almplest and moat accurate procedure

for making both determinations was to determine the

“effective” thlckneas of the U2= for fission fragments,

■
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l.e., F x total thickness where F is the fraction of all

fission fragments which are completely absorbed in the

U30fj. Thla was accomplished as follows: a determination

was made of the energy dlatributlon of the @-activity

of ●aoh of the foils over an accurately determined area

in a Fr18ch-grid ionization chamber, utilizing the

10 channel discriminator. Fig. 16 1s a plot of such a

determination. These curvon were extrapolated to zero

and Integrated to y%eld the total activity of each of

the foils. Since the specific activity of this U?=

sample was known to * 0.5$ this immediately gave the

effective thickness of the foils for particles of energy

4.75 Mev, i.e., the total thlcknesa - F1 x total thickness

m“ \

when F1 = frnctlon of all alphas not counted because

they were completely absombed In thO U308. In order to

obtain the effective thickness for fission fragmenta it

was neceaaary to correct for the difference In range

between flsslon fragments and particles of energy 4.75

Ilev. It has been shown by Ros81 and Staub (LA-1OO4)

that the detection efficiency of a counter for <-partlcloa

la found by

‘(B)=1’2[1-~-J ‘2)
where T = thlcknesa of fo%l

Ro = range of cc-particles in the foil
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Rb = range of particles equal to the bias energy

and T~Ro.

In our caaea the blaa energy B la zero since

we ●xtrapolate all our curves to zero. We then have:

F‘B)=“2[1-*1

For fission fragmenta the formula la

F (B) = 1 -+
o

(3)

of course:

;? (4)

where R. = range Or flaalon partlclaa.

With the ald of the above formulae and by taking

tho mean range of fiaalon particles to be 10 mg/cm2

in U308 and the range of alpha particles of energy 4.75

Mev to be 11 mg/cm2 in U308 a correction la obtained

whfch, when applied to the effective thlckneaa of U308

for 4.75 Mev alphas, glvea the effective thlckneaa of

U308 for flSalOn frfAgmOnta. ThIa correction 16 0.4s;

i..., the effectlvo thickness of U3f)8 for fission frag-

ments ia thus 0.4X loaa than for 4.75 Mev alphaa. The

●ffeotlve average thickneaa of the U foils for fiaaion

fragments then turns out to be 0.641 mg/cm2 and it la

thla value, multiplied by 12, which appears in the croaa-

sestlon formula given below as Bq. (6).

Aa a check on the method for determining the

thickness of the U’w from alpha activity, a foil was
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eounted and the U2W was then separated

using an ether extraction method. Thin

by R. W. Potter

uranium was then

weighed. The weight obtained in thta manner colnoided

with the weight deduced from the specific ●ctivity to

well within the accuracy of the chemical separation

method, which accuracy waa about 5$.

An inltlal difficulty experienced in this

experiment concerned flsaions produced in the flsalon

counter by background neutrons, i.e., neutrons ●rising

from reactions produced when deuterons atrlke either tho

cyclotron deea~ the aidea of the cyclotron tank~ the

beam collimating diaphragm or the target chamber wlndowa.

It waa found poaslble to eliminate practically all

neutrons with energy over the fission U2~ fission

threshold by shielding the cyclotron tank proper with

water and paraffin. Also the slow neutrons which arose

duo to this process outside of the shielding were not .

sufficient to produce appreciable fissions in the small

amount of U235 contained in the U2~ folla (U235 was

present to only 1 part In 3300). The background due to

the collimating diaphragms 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

●xample.

The tcmget 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

whloh had a combined thickness of about 5 mg/cm2. It

was found during the oourse of the experiment that a window

of .0003” tantalum produces only 0.386 the neutron

C2 background of a 2.5 mg/om2 mica window and a tmtalum

+ window was accordingly substituted for the mica window

&
at the exit port of the target. The mica window was

3
retained at the entrance port on the basfs of scattering

aonalderatfons.
.

Even after all the above improvements were

made, there were produced about 1000 background flaelona

in the chamber for every fiaslon produced by a neutron

in real cotncldence with a He3 enterl.ng the He3 counter.
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VI. PROPORTIONAL COUNTER .

Fig. 17 ●houa the proportional countor used

In this experiment. It 10 of more or less conventional

doslgn. Several special precautlona were, howevor, taken

in order to eltmtnate poaalble oC-partlele8 whloh might

~emult from an n,ot reaction in the glass insulator; a

shield of Poly T.F.E. was placed around thi# insulator.

All parts of the counter were also carefully decontamlnatod

in dilute HB03 before assembly.

The aontral electrode mad. of 10 mil Kovar

wire served an the high voltage and collection ●leatrode,

the signal being taken off through ● 5000 volt .0001 MF

condonaer. The counter waa operated with argon ●t pros-

surea ranging from 20 om to 70 cm of Hg and at voltagea

ranging from 500-2000 volts. The rho time of the pulses

waa M l.+b ●nd the pulse width was - 2-5~m.

Fig. 18 1s a faintlyof gaa ampliftoation curves.

The aounter wan operated with a gaa ampl%flcatlon o? ~10.

The resolution of the proportional aounter

waa determined by obtalnl.ng the energy dlatrlbution of

monoenergotic ●lphaa produoed by ● thin plutonlum foil

under tho same oondlklons aa prevailed during the count-

fng of Ee~ partlalea. with the ●lngle exaeption that

there was only on. mica window between the partioloa and

the gaa in the counter - namely, the counter Whdowe
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Under theee conditions the width at half-maximum of the

energy dtstrlbution of the plutonium alphas was 3.5s.

A number of background dlfflcultlea were ex-

perienced when first the counter was tried. The back-

ground difficulties fell into two categorlea, gamma-ray

background and particle background. The gamma background

waa sufficiently reduced by enoaslng the counter In 2“

of lead. The other major source of background, that

due to lonizlng partlcled, resulted from deutoron reactions

in the mica windows of the gas target which, during the

lnlttal set-up, the proportional counter was able to

see and from recoil nuclei scattered by h~gh energy neu-

trons. The former difficulty was auccesafully eliminated

by use of the target arrangement shown in Figs.83 and 22.

The latter dlfflculty,

duced by acatterlng of

by energetic deuterons

flclently decreased by

preeedlng section.

the considerable background pro-

the large neutron fluxes produced

upon being stopped, waa suf-

the methods deecribed in the

&other sourco of background conaleted of

voltage breakdowns fnsfde the counter. These were almost

completely eliminated by applylng over-woltage on the

counter and allowing It to ‘aookn for 5 minutes.

Slnae the HeS particles eeaentially monitored

our neutron flux, It wae neeesaary to know that the
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particles counted as Hes partlclea dld not ineludo

scattered deuterons, protons, and tritons from tho

D(D,H3)H1 reaotlon or reooll nuclet from the neutron

background. Sfnce the rate of energy 10SS per cm

path of D, HI, and H3 particlea is lees than that of

He3 particles, it follows that if one uses absorbers

(when necessary) in front of the proportional counter

and a pressure In the proportional oounter such that the

H03 particles are just stopped inside the proportional

counter, they w1ll give up more energy and henco produeo

higher pulses than any of the other particles mentionad

whether they be wholly or partially stopped in the chamber.

Since the energy of the He3 partiolca at any angle with

reepect to the deuteron beam could be calculated from tho

deuteron energy and the Q of the reaotlon, It was poss~ble

to alwaya predict the amount of abeorber necessary in

front of the proportional countor together with the amount

of presoure required in the counter to just ●top the

He3 particles insido the counter. !t’heaepredictions were

in all caees borne out experimentally, whioh was an

●dditional criterion for eatabliohing the fact that the

particles being countod were actually He3 partloles.

‘l%ia-permftn one to bias against protons, doutcrons, and

tritonso By making ● background run with H1 in the

target rather than ~, It was determined that particles
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.o~ mass >S (for example argon recoil nuclei) gavo

very few if any pulses in the energy region of the H03

pulses, and even these background counts were correoted

for.

Fig. 19 shows the energy dfstrlbutlon of the

IIe3 particles obtafned from the D+DjEio3+n reaction

using the above counter at 39.70 with respect to tho

Incident deuteron direction. Although the number of

He~ particles oounted served to define the number of

nautrona entering the fission counter and henco the

neutron flux, it waa not necessary to count ●ll H03

partleles entering the proportional counter. This fact

was taken advantage of by setting the bias ●t Point B,

for example, and counting all He3ts with energy greater

than this. By ao doing, the background correction was

reduced to approximately 1$. In order to corrwt fQ.?

thla background, the followlng prooedure wan ueeds The

background waa ●ppropriately extrapolated ●s shown by

the dott-d llne in Fig. 19. An ald to this extrapolation

in the higher energy region (from Point B up) waa the

determination of the background with H1 lnatead of Dg

In the target. A curve waa then constructed of the number

of b~ckground counts/unit current VS. total counts per

unit ourront for a aufffelent number of bias set’tfig-

All runs were then correeted wftb the appropriate corre

tfon faotor.
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It has now been shown how the three ●saantials

of any cross-section measurement were accurately determined;

namely, the flux of bombarding partloles (in our case

neutrons whose flux was determined by counting the oo-

incldent He3 particle), the amount of material inter-

cepting this particle flux and tho number of reaetlw

produced (in our case, this of course lnvolvod deter-

mining the number of flasion particles llberatod with

energy 9Uffioiont to penetrate the foil of active ma-

terial). Tho followlag ●quatlon dotermlnea the fission

trots-aoetion from these three quantlttoa as dotormlned

from the abore evaluations.

No. F gxAxnxTxlo*6. O2SX1O23
hit Time x

F=

d’=

A=

n=

T =

(5)
where the eymbola have the following meaning:

number of neutron8/cm2 in coincldenoe with Hes’a

croaa-aeotion per U2* nucleus

average area of folla exposed to neutron beam

number of foils

●verage thlcknees In mg/e# of U2* in folla

corrected 8s outllned above.

Since F = N/A where E s total number of

neutrons In coincidence with He3~s which enter the pFO-

portlonal aounter

W. have
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,

No. of Fissions = i~ex
X n X d X 10-s X 6.’02SX l~sA

and

Ho. Or fissions x 238 =

Bxnx Tx6.023x@0

I?o. of reul

5.14 C-1.*) x 10-20 x’-”

(6)

whero tho number of fissions arc given by tho ntier ●f real

eoinoidenooo oorrectod ●s outlinod abovo and T ia glwn by

the.number of Ho3~s aounted, also ●ppropriately corroated

for background.
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VII. MXJTRON ABSORPTION CORRECTION

Since only f18slon 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 walla of the reaction chamber, etc.

However, lt 1s necessary to correct for those neutrons

in the defined cone which would have paased through

the countor but which were absorbed or scattered out of

the beam by the intervening material. l%ereforo, the

walls of the targets and the acatterlng chember in the

path of the beam were milled down so that there waa only

l/16W of brass and l/8@ of steel between the counter and

I
..

m

the target gas. (Figs. 2, 3, 21,

tlon correction for this material

platoo of the flaulon counter waa

tally.

and 22). The absorp-

and also the walls and

determined experimen-

Absorptlon runs were mad. using tho 10.5 min.

●ctivity of a Cu63(n, 2n)Cu62 detector. It had been

shown previously that most of the activity of thla thres-

hold detector was due to neutrons from the D(d,n)He3

reaction in the deuteron target. The background found

by substituting hydrogen for douterlum In the target

was about 10$. The ●xporlmental sot-up la lndlcated

in ?lg. 20. l!hla●xperiment gives ●baorptlon and lnelaa-

tlc scattorlng of neutrons from above the threshold
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4

11<~<12 MOV. (A report on Cu63(n,2n)Cu62 reaotion

la forthcoming). Copper foils l“x2~~x5 roils thick

were used as detectors. The copper foils were sandwiched

between plates of the materfal, the absorption of which

was being atudled. The group of absorber and foils were

coverod by 30 mll oadmlum to reduce slow neutron activity.

The front foils monitor the neutron beam. The ratio

between actlvlty of the back foil and the foil in front

of any absorber gives the neutrons absorbed or scattered

from the beam by that absorber, after a slight correc-

tion for solid angle is applied. 9econd order corrections

due to neutrons back-scattered into the front foils were

not applied for the evalua~lon of thin correction factor.

The deuterium gas of the targets was bombarded

for about 20 minutes by the cyclotron deuterona and then

the folla were removed and counted in glass-walled

gelger counters.

in each of three

each sample were

Each sample was aounted about 5 times

counters, so that 3 decay curves for

obtained. The 10.5 minutes activity

waa well resolved. A summary of the reaulta la in Tablo

I. The error is obtained from the spread in aativlties

of the three eoumtere and hence is only the counting

●rror.
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Brasa l/2~ .86 * .02 .15 t .02

stool l/2fl .87 ~ .02 .~~ ~ .~

Alumlnum l/2m .99 2 .02 .01 t .02

One can make an estimate of the absorption

, factor for Iron from data in the llteraturo. The total

cross-section for Iron by transmission experiments la

+given an 2.8 - 0.3 barns (Rev. of Mod. Phya. 19, #4,

275, (1947)). Since most neutrons scattered into the

forward direction would be detected in our experiment.

one should subtract the inelastlc scattering in the for-

ward direction from this value. A rough eatimato of

this scattering cross-section can be obtained from

Barachall end Landenburg (Phys. Rev. 61, 129, 1942)

which was measured at 2.5 Mev and is 0.9 * .2 barns.

The absorption factor calculated from theao values

[2.8 (~0.3)-0.9(~ .2)= 1.9~O~4]barnfJi~

.20 ~ .04, which 1s to be compared with our measurement

of .15 ~ .02. They agree within the limits of error,

even though the esthetes involve meamromenta mad. at

somewhat different energies. Barschall ●nd Undenburg

alao find that the ●bsorption of alumlnum is somewhat

less than that from iron, in agraement with Table I.
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The Cu63(n,2n) determination of absorption of

neutrons from the beam agreed within the 11.mlta of error

with ● deteraiination which was made ualng the fiaalon

counter as ● neutron detector. This experiment involved

taking runs on the real eolncldence fissions per He3

partiale with and without additional absorbers being

present. The atatlstlcal errors and other errors were

too large, however, to warrant using this latter method

to evaluate the absorption correction.

Using the data given in Table I, one can cal-

culate the neutron absorption correction which must be

●pplied to the data to obtain the U2~ cross-aeotlon.

Table II gives the thickness of each material between

the neutron source and the average plate of the fiaslon

counter dur~ng the runs for the determination of this

cross-aectfone

TABIJ!tII

~
Abaorptlon Factor from

Msterlal Thlckneme Table

Stool .125~ .035 k .005

Brass .076S .023 t .003

Alumlnum .312W .006 t .012

XA1= .064 2 .01S

Thla indloates about a 6$ correction must be

●pplied to the data to allow for neutrons ●bsorbed or

scattered out of the beam.
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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:

Install and llne up the suitable gas target.

Determine the spread and position of the

deuteron beam.

Determine the energy of the deuteron beam.

Install suitable diaphragms in the propor-

tional counter and target and line up the

flaaion counter.

Calibrate mapliflera, etc.

Ad@st proportional counter voltage and/or

gain to give to give correct amplitude

He3 peak.

Make rumJ of about 1/2 hour duration and

record fissions, He3~s counted, and coinci-

dences.

Make runs for resolvlng time determination.

Repeat energy measurements from the to time.

The gas targets used in this experiment are

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

thloknesa of mica on the windows used to obtain each

point. A gold diaphragm 30 roils thick with a 0.466m

diameter hole is fastened in front of the target to
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.

limit 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 aectlon YO 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 movod on its

platform and rotated until it was llned up on the,line

of alght. 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 l/64W.

B&C. The procedure followed In dotezminlng‘—

the spread and position of’the beam has been described

in SectIon II. The maximum

was llmlted to ? 0.630 by a

tube from the focus magnet.

determination has also been

angular spread of the beam

gold diaphragm in the 6U

The energy of the deuteron

described In Section III.

~ From the energy and angular spread of the

beam one calculates the diaphragms for the proportional

counter and He3 exit tubes of the target no that the

associated cone of neutrons falls well within tho U2=

foils of the fission counter, the last foil of which

aubtanda a cone of total included angle of 12.1o. The

results of these calculatl.ons are given in Tablo III.
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By having the cone of neutrons somewhat smaller than the

oone of the flaslon counter, one

errors In altgning the equipment

deuteron energy. For example, a

energy corresponds to a shift of

0.360 when the He3 angle is 390.

can allow for small

and in measuring the

2$ shift in deuteron

the neutron angle by

Next, the oenter of the fiaalon counter is lfned

up on the correct angle corresponding to the angular

netting of the proportional counter. This is done by

establishing a line with a straight edge whtch is directly

over the calculated angle as determined by the graduated

ring wlthln the D-D chamber. When the fission counter

ie rotated to the correct position the reading of the

angular scale on the track Is taken. Thus, for each

aetthg, the track 18 calibrated against the graduated

ring. By us. of a straight edge and a scale, the height

of the flaalon counter 1s adjusted to be the same as that

of the target and proportional counter. The angular

settings of the flaslon aounter together with that of

the proportional counter for the vsrioue series of rum

is given in Table III.

The calibration of the amplifiers and adjust.

menta of the dlsorlminator bias of the coincidence clr-

●ult are desorlbed in Sections V and VI. Before a

run or series of runs one checks and recorde the gaa
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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 oyclotron beam one adjusts the

high voltage for the proportional counter to give the

He3 pulses of the dealred amplitude as described in

Section VI.

(3-“ Now one 10 ready for the experiment. After

a fairly steady cyclotron beam la obtained, one recorde

the readfngs of the proportional counter scaler, the

fission scaler, the coincidence scaler, and the current

integrator scaler, together with the time at which

the alectronlc apparatus is switched on. The beam la

held an steady as poaalble for 1/2 hour and the experl-

mentor records any Intervals of time the beam is off.

l’hla off time is added to the length of the run at the

end. At the end of 1/2 hour of beam the time and the

readl.ngs of the above scalers are again recorded.

& From time to time, the resolving time

of the coincidence ctrcult 1s determined experimentally.

Runs of 1/2 hour duration are made similar to the one

described above, ●xcept that the flsaion oounter ie ro.

tated to such an angle that no neutrons aanociated with

the He3 particles can pass through lt. Shoe foP suoh

runs all coincldencos are accidental, one oan calculate

the resolving time from the simple rolatlonshlp.
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(NHeS) (~f) (AT)
Ca =

At
(7)

where Ca = accidental counts obtained during interval

lJHa3= He3 counts obtafned

lif= fission aounta obtained

AT= reaolvlng time

At= time of observation.

Since the accidental rate Is determined by such runs

spaced between the real runs, variations of cyclotron

beam, etc., should average about the same for both sets

of runs, so that the evaluation of the accfdantal c?ounts

during the real runs should be rather valid. The

experimentally determined reeolvlng times for all series

of rune are recorded in Table IV.
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RE3ULTS

Each series of runs required about 15 #eparate

rum of 1/2 hour each. The deuteron beam current was

so ad~uated an to give about equal number of real eolmci-

dences and accidental. The data for thlm sorles of rum

is given in Appendix III. Figs. 23, 24, and 25 show

graphically how the number of real coincidences por

H.s particles for the sequence of runs varies. The

points are plotted in the order in whloh they wore take~

The represented error la calculated from the counting

errors of the total colncldencea and that of the ●ccl-

dentaln. Thus, the quantity plottod for ● run of A t

duration h which there are C total colncidenees, MHCS

He3 counts, Xf risOiOn counts is

Cr :Je.(cmr)‘~-C-(”He3)(Hf)A~

=
~Ho3(corr)

(8)

wheren~ Ie the resolvlng time andg~ 18 lta standard

●rror as determined from the runs on resolving time.

I

I

That the data and the errors are statlst!cally significant

is indicated by the way the points fall around their
,

mean. About 2/3 of the points lie within their standard

error of the mean in agreement with the prlnclplea of

m
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probability. The data does not lndlcate a significant

trend with order or runs.

As an example of the calculation of the result

of a 1,’2hour run, consider the data for the first

point of F’lg. 25. From Appendix III, Serlos 3, tho

recorded data was aa follows:

At= length of run = 30 Rho

Nf = fission countn = 32,3S0

‘P= He3 proportional counts = 7!52000

c = coincidences counte = 41

Using Equation (7) and the resolvlng time for Series

#3 =M (TABLE Iv) whlah la A7= 1.20 ~ .12 PII one has

where the error is essentially the squaro root of the

number of accidental oounts. This fa inareaaed sllghtly

by the error of the resolving time.

The real coincidences then are;

Cr= c- ~a: fq=

By the method described in Seotion VI

15.3t 8.3

.

it had boon dotor-

mined that for this run ● fraotlon (.994) of the oounts

of Ifp●re due to He3

90 HHe~ = O.752X1O%O.994 =0.748xl&
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Thus :

15.S ~ 8.S = 20.4
&=o~ (

TABLB IV gives a

2 shows the average energy

~ li)xlo-6

summary of the data. Columm

of the neutrons. The spread

in energy corresponds to the width at half maximum of

the energy dletributlon aurve, and 18 derived from<con-

slderatlons of the angular spread of the He~ due to

finite width of’allta and the angular spread and the

energy spread of the deuteron beam. Column 4 is the

mean value of the determination of the ratio of real

fission coincidences per He3 particles aa taken from the

data in Figs. 2S-25. In Column 5, this ratio is corrected

for neutron absorption by dlvldlng by ~-A where A la

the absorption correction as dlscuaned h Section VII.

In Column 6, the data la corrected for the finite thick-

ness of the U2~ deposited on the foils of the f$ssion

aounter as deacrlbed h SectIon V. Column 7 gtves the

cross-section in barns after ●ll corrections are applied.

In Fig. 26, the data discuaaed in this paper

are plotted together with other determinations of ,

fiaalon croaa-aeotiona of *=. Below 3 Mev the cros\-

sectlon has been well establlahed by a number of lnve8-

tigatora (LA-520). The new value at 5.6 Mev agrees wfth

previously determined valuea by the long electroetatle
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generator. The new values at 8.7 and 8.9 Xev chock

each other and indicate that the cross-seatlon is

somewhat larger in this region than was previously

supposed.

, “-
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APPERDIX I

The details of the

equation are found in Creutz

derivation of the energy

and Wl180n’a report. The

procedure used in thfa experiment 1s as follows. Neg-

lecting the rolatlvlty correction l’t1s poaalble to

rewrite the energy formula an

i?% c~ w [( D
)]

2

1+
a+b/2(l- C2A2/8MeC2W)— =

G2 AZ

or

(
2

k(D) = 1+
a + b/2 (1 - l/4k(D

D
‘9

Expanding :

(+)k(D)= 1+ a+b 2 - .1532

‘+ (+)’ ‘- ‘;;

Thus k(D) may be found for any glvon value of D.

The energy Is then given as

w (Mov) = Ck (D) (41)2 (lo)

where C la a constant ~ 87.55.

A sample family of curves 18 attached. The

correction for a glv.engalvanometers deflection for the

xero field 1s gtven in Chart 1.

Let us aasume that the measured values were
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D = 16.4 em

A I = 113.0S milllamperoa + 1 cm reading on the

galvanometers

Residual field (1800 turn Of flipooil) = 8emo

ThenAI correetod would be 113.05 +1.6 milliamporoa

or 114.65.ma.

From Chart I w. obtain the deflation oorreotion

do to be 0.7 om and the current oorrootion to be 5

milliamperes. The final value of D im 16.4 + 0.7 or

17.1 om and AI = 114.65+ 5.0 = 119.65 mllliamperee.

From Chart II w. find for thoso valuoa an

●nergy of 10.34 Mev. Applying the relativity correatlon

which amounts to approximately 0.3$ in the region, the

final value of the ●nergy ie 10.31 Mev. This value

must be oorroated for target gaa and wlmdows in cinder

to obtain the energy at the doeired poimt where the

deuterons lntermat the ●xit oone to the proportional

counter.

It should b. notod that if the values a or

b ●re changed ● new famil~ of mrvea must be drawn. If

w, tho width of the rect~gular flux coil, le ohanged, a

new value of oonatant C muet be determined.
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2-16-48

0
-(
z-

2-20-48

*

d
2-23-48

3-1-48

$?-fiS-48

3-s2-48

3-s6-48

S-31-48

1

1

1

1

1

2

2

2

17dn
17.66
17.61
17.61
17.44
17.41
17.31
17.31

17.31
17.34
17.36
17,36

17.76
17● 71
17.71
17.53
17.48

17.64
17.44
17.39
17.39

19.00
18.85
18.65

16.01
1’7.26
17.mo
17● 90

18.00
17.95
17.$5
17.83

18.10
17.6S
17.45
17.Qs
17.%0

124.01
123.75
122.26
121.81
122.42
121● 73
121.61
121.96

122.58
122.33
127.60
121.14

126.24
125.30
124.91
124.53
123.79

12S.83
123.01
122.80
122● 04

131.86
132.47
131.28

123.01
122.67
122.51
122.43

124.44
124.41
124.00
124.00

123.77
121.34
119● 96
119.62
119.76

9.92
.10.04
9.94
9.92
10.00
9.95
10.08
10.10

10.10
10.12
9.98
9.94

10.28
10.16
10.13
10.18
10.10

10.01
10● 00
9.99
9.89

10.25
10.21
10.05

9.47
9.52
9.52
9.62

9.78
9.78
9.68
9.74

9.55
9058
9.58
9.70
9.79

9*99

10.04

10.17

9.97

10.17

9.01

9.75

9.64

10.12

10.19

10.30

10.10

10.31

9.80

9.98

9.80

(eontlnuod)
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(Appendlx II, eont’d)

Serfea P AZ. Js B
Date Ma”. cm lm Ue~ Ave. x.

6-15-48 3 16.55 120.24 10.54 10.55 10.80
16.45 120.01 10.60
16,55 120.00 10.50

3 16084 120.14 10.28 10.35 10.7G
16.74 119.55 10.22
16.59 119031 10.50
16,54 118.84 10.40

3 17.29 123.04 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 III

~

Run At Nr
‘P c

+-
r

No. Sec. Countn counts Cohcldences Orr.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

1.800’103

1.800

1.800

1.800

1.800

1.680

1.800

1.805

1.800

1.800

1.800

2.355

1● 441

1.800

1.800

1.744

1.620

3.29” 104

2.80

2.46

2.165

2.940

1.172

3.799

3.269

2.503

2.055

1.893

1.650

1.875

2.920

1.341

1.428

1● 534

1.737” 106 75 12.7~6.8c 10-6

1.536 59 12.5~6.7

1.235 80 34.5t 9.0

.947 44 19.8t9.O

1.727 94 ‘7.618.2-

.747

1.782

1.517

1,465

1.180

1.152

1.000

.997

1.583

.818

.965

.987

33

10s

88

81

66

59

45

44

83

18

35

48

28.8~9.O

11.9~8.2

17.8?8.4

+7.925.1-

30.7?8.5

27.8~8.2 ‘

29.6? 7.9

lS.2~8.8

16.4~7.9

5.7? 7.0

19.137.7

27.6~8.6
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APPENDIX III

Series #2

Run . Nf
W& !2 ‘P c

counts Counts Cohmdenoec *.

1 1.800” 103 2.1050104 .886.106 36

2

1900~8.6 ●lo-6

1.800 2.840 1.075 50 l&3t 807&
w

1.800
v-is

2,580 ● 999 40 14e2~ 8.4

@4 1.800 2.450 .927 43 21.8~ 8.9

5 1.800 3.050 1,107 45 7.05~ 9.2

=Z6 1,800 3.305 1.195 51 6.3~ 9.4

d? 1.800 3.230 1 ● 120 41 5.0 t 8.6

8 1.510 1.626 .522 17 13.8210.7
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#PENDIX TV

~

Run AS lif % c
Moe sot). count8 Counts Colnald.noe8 +.

1.800- 103 3.235”104 .752 ● 106 41

1.800

1.800

1 ● 800

1.800

1.800

1.764

1.765

1.800

1.800

1● 800

1.800

10800

1.800

1.800

1.800

1.800

1.788

10800

10800

3-.180

2.981

3*O1O

3*WO

3.091

2.686

2.440

Q.680

3.145

2.590

2 ● 585

2.580

1.605

1● 770

1.8S5

1.746

1.617

3.970

3.5s0

● 988

1.020

1.0’75

.831

.697

1.025

.882

.721

● 977

.990

.967

● 955

.419

.512

.550

● 470

.442

1.213

1.184

60

66

53

37

38

S4

37

37

37

SQ

39

38

M

17

18

18

19

79

60

20.4t 11.10 ● 10-6

27.7* 10015

33.5210.00

17.82 9.02

9.82 ~ 10.0S

22.9*11.40

24.s2 9.s2

15.83*9.07

23.20~ 10.72

4.7st 8.88

lS.S0 ~ 9.S2

U.a& * 9J2

1$.lmt %-

m.s t 11.t

m. I@ 10.s

ls.m? 9.9s

20.05 ~ 11.15

26.10 ~11.86

23.30*10. S4

14,08*8.97
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