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                        I. Introductlen

   The principle of duo-scalers has beeome universally applied to eon-
struet seale-of-eight, scale-Qf-sixteen etc. in the experimeiits o, f high speed

counting by iinear amplifiers or Geiger-Miiller eorinters. In busy works,

however, a s>rstem of (/Jleeade sei, linsr cirenit is earnestly desii'e(l, sinee

it is more eonvenient for rapid. stm]matioll ancl iiiterpolation. 'i"hewriters

have clesigned and constructed a .new deeade sealki.<..r cireuit of very simple

construction but of ex'bremeiy stettdy use. It is a modification ot' a cir-

cuit $ystetn off vacuuin-tube scale-of-sixteen, and. etxsily rcstox'ecl to ks

basic cireuit by neeessities.

                                                             '                       IL Basic Circuit

   Any type of the cireuit usecl for tl)e seale-of,-sixteen may be rnodified

into the decade sealing cireuit. It was Åíonnd, however, that a circnit
devised by IIIigii}bothami secmcd to be exclusively suitable for the pmr-

pose. XVhile, in his cireiiit, Kiginbotham usecl twin"triocles 6SN7-Grr's

or 6SL7-GrLI]'s, which are not e[tsily obtainable in our country, we used

more popular tube UY-76's. The diagram oÅí the ch'cuit is shown in
Fig. I. [l]he amplibude cliscriminator whicl) seieets pulses and sharpens

ind eqiialises tl}cn] was so modified as to fit for our pm'pose.

                  III. Description ef Circuit

   As it is shown in [li'ig. 1. tl}e valves Vi, V2, V3,''''''Vi2 eonstitute

themseives the original scale-of-sixteen. [I]he diagran}s in Fis,. 2 (a) show

the potential ehanges ot! the ailode pla'tes of Vt], V6, V",Vn} ancl Vi,-,

in their worl<in.cr state respective}y.

   * Under the same title t}}e writers read a })aper at the annual meeting of tlie
?hysicai Society of Japan he]d at {Jniversity of Kyoto, 21st May, 194S.
   1. W. A. I'Iiglnbotl)arn. "}. Ga]lager 'and M. Sands. Rev. Slei. Instr., 18 (1947), 706.
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   These pattern$ are ea,sily ob,gervec] on a screen oÅí a
oseilloseope by a,pplying regul,ar ,gig.na,lg. of an ac]eq-ate

t;he inpnt of the cix'cnit.

th
Ar,NPLITVVE
DISeRl-
MtNA";"OR

ls i-V}}4SR.
'

Ms
Rtx non.

,

R,llt-s.?.R,

Rs

ktL,

}tgr".R

k'Ri3R'
l5

v

B,
#

,N,Rpte'

?FYz
4,-

s

R."'

ti'

}j
N,i•llil-Rs31-EIIgXgft3zf.gtleCaa

s) v+

etCtNtE
S"c.. r{es-oo-iF-le7fo

mpVte
ttsR

-{F-S}-
g,qvl,:

-Feg

c'

NgV6V

vftu
--- -"--- --mt ---- "tH-

tt

--t-tt

x
iee

eq
eq

X}?x>RmCa

ec {

Pdio[X=`'teq;

q.,

,,,.R,.

/'i'
lliL:

xek.-..R
Rat- i--

-- .=.:-
"&gnei{

.-EL
ntl

- ----. ."

$
rsikny".-.T,

we aclopt
.1 Cil'el]].t;

'

3'xl$.

ec•    ,

 :if

 ',•LS -IAIE}t-.llt e"V

g

JJ.J      --      --i--      i-      -.J

-t-----tt+---i.

II'III.IIIIItll

-t=+t----ny---L.

'il,

1.

A'
 kl

siiEh
  I'     1''

ik
  ol

   rP
il

   ,il)   per/itillt   n5

;

 "'i

Ri

y

 crc
 il

-'  Ves

v.

tt

 cathocle-ray

freql]eney to

''  1.'

<i

s n4s

v,xxxx

x-  YstBs

IKs "
    -

gs

o

c,s

     1) V•••Vaeutmi tubes
l, 4, 7, !O •••-•-•••••••••F•• Kt-6T-I 6A
2, 3, 5, 6, 8, 9, il, i2, l3, 14, .l5

        ••-•-•-••-•••-••••' UY-76
16-••••+-•••••-•--••-•E-•••-••••-•• UZ-42
17 -•••••-•••••••-•i••••-4•••••••••• .KX.-12F

     2) R•••••••-•P.esistanees
1, 12, 21 -•-•--•--••••-i-•--- 40 1<
2, !3, 22, 32, 43 •••+•••••••+•-•-•• 1]'feg

3, 5, 14, 23, 33, 45 ••-•••i•••-+••• IOK
4, 9, 19, 28, 30, 31,, 38, 46 •••••• 2e I<

6, 7, 16, 17, 25, 26, 35, 36 J•••••400 I<
11, 40 -•••,•••••-•••••••-•••-••••ny•••i+100l<

8, 10, l.8, 20, 27,,29, 37, 39, 42
        ................••••--••-••200I<
l5, 24, 34•••••••••••••••-••••••-•••-•i+ 30 l<

41 ••--•••••-••••••••••-•••J••-••••••t•--•2Meg

47 -•-•-•---t-•--E-•••--•••••-- 25 1<
48 •--•----•-i-•-•----•---- 60 I<
 3) Ct•••••••••••Cttpa. eitances
l., 2, 4, 5, 7, 8, l.O, 1). -••-••••=••- 50 yS

3, 6, 9., 12 •t-•-•••••••••••i•i••••• O.Ol. xi•f

Now, in o. rd etr to co nvei"t

     #he nio: t s.tra,ig}'htf()rxvar(l

   ' SYStelll C17, Vla tlll(l Vli

-wa#•
 A.F.e.
    Ltc

iR

'c,t

'i}lp

itzLX

Eg

  Fig.

            ,..........,......•••••••••-•• O.05 xif

         .,".-".".....".".".-•--•-O.O05ptf
            ••••-•-•--••-•••- 10 llf 50V
         .....................t•.••.••• 2 tif leoo v

            .","...."."-.."...."h 100pf
         ......................•.4••••. s ptf looe v

         •••••••••••••••••-•••••••••••- 6 xtf 1000V

           AIFC•+•Audiofreguency choke

          40 inA - '
            T-••Power transformer
          I'rimtxry 100 or 110V 60.--
          Seeondary 6.3V 4A
          Prin}ary 100 or 110V 60N
          gecondary 6.3 V 2A
                  roV IA
                 300 V50mA
         6) S-•,I?ush button switch
              (normally closed)
         7) I<•+•Meehanical eounter
      .I')I.}<.WllN-t.ype (readjustedi) xvorlging

      eurrent l.OmA, reg, olving tin}e 1/60sec.

the saaie-of-,gixteen in'to the scaie-o.f-ten,

  . and simple,g.t niethod. It is to inf ei't

  p.krallel to tl)e main, so that the ninth
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signal plays a role of the fifteenth in the original cireuit system. The

posential of tl}e eat}}odes oÅí the trio(les Vis and Vi,i ax'e so adji]sted

that they may tal<e about 210V xvhen Vii is conductive, w}iile they are
maintai}ied at 29. 0V xv}}en'  it is noneonduetive. A$ the potential of their

anodes are l2eV or 280V a.ccording as t}ie tubes Vr, and Vs are in
tl}e eonclueting $ta,te or not, so the relative potentials oE their anodes

agains# their caehodes az'e maintained negative so long as Vii is non-
eonductive. It follows that the insertecl parallel eircult has Bo intluence

llpon t}}e basic eix'e{]it dur'ing it countt Åírorn the first to the $eventh kiek.

In the eigl}tl] stage, 1}owever, Vn becomes eond"ctive ahd the potential

of, the cathoc]es of. Vm and Vi4 so drop that the potential oÅí the plates

of. Vi3 and Vi,! beeomes }?ositive against t}}ose oli the cathodes. But
their .crrids are $o properly biasecl as they eonduee no current in tl}is state.

  (gt) SCAL}1:-eF-l6
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                             Fig. 2. (a)

   Now, then, consider a positive signal is given to the eirciiit in this

stage by the transi'tion ot' tl}e first pair. Thcy at once rob eurrents
frorn the plate-s ofi Vr, and Vth re$yiltiing in thc interehan.ge of the states

between the secon(l ahd the tl)ircl pairs, and the eircuit rccovers to i'tg.

ori.crinal state by the next, i. e. the tenth $ignaL "1"}}e aspects of' t}]e eon-

di'tions of Vi3 ancl Vi,t are sl)own in Fig. 2 (b).

                        IV. Construction

   [I]1}e amplitude clisei'iminator .ind the sc.alit}g circuit i.g moun'ted on-

a 30 Å~ 28 Å~. 5(cm) chafsis. rLi]l}ere are no need of' eleeti'ic shieldings

for vaegiim tubes. The vacuum Åíubes are used wit}]ont any precautious
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               ny                            Fig. 2. (b)

selection. The only precamtion is that the inpmb eircuit should be ar-
ranged apart f'rom the register. The aliowance oÅí thevalues ot' regis-
tanees marked on Fig. 1 is fairly l.ftrge. The set is found to be easily

handled and works reliably even though no special care is taken.

                            V. Test

   To test tl}e ftmction of t})e •Åíircuit, we applied tl}e sine-wavefrom a
standard low-t'requency oseilltxtor (capable o{" generating oscillations

ranging from 50 c.p.s. to 50,OOO e.p.s.) and observed the oseiliogram on

the screen of the Bratm tube;' It was observed that it operated with sue-

cess at frequenciesup to 50,OOO e.p.s. No attempt has been made so far
to determine tlie upper limi't of the number of the reliable eount, si'nce tl}e
resolving time ot' this eircuit is eonsidered to be satisfactorily small ior

our present purpose.
   rlil]e i"tmetion oti tlie aparatus was fotmd to be satisfaetorily reliable

wl]en tlie cireuit was used in combination with the neutron-ceanter ancl

iinear fn]plifier system, and no need oÅí readjustme-nt has yet oceurred.

   In conclus.ion the writers wish to express their heartfelt thanks to
Pro,t'. 1[)r. B. Arakatsi} and Proff. Dr. K. I<imw'a Åíor their kind guid-

ance and valuable suggestions throughout this worl<.
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