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•. :>usE ~F.~ CHARAOTEftrsTICS. OF PEfuUttoY- :m· DETEC:T~G A PREDETERMINED VALUEk MAGNETIC 
. . . FIELD OR.CURRENT. IN-A·T~VARYING ~LEOTROMAGNET \: . 

1/4 Sciale BeVatron Operating ~1 --~.· 
Mlgnetic •Field Strength~ltl.gnet Current Correspondence · '/,., 

. ( '---· .. 
. _ . . -~-: ·_~o Eo Richardson~ R~- t. _S~uey~ R. YOunkin.t Wo ·Jo· Step~ _ (..1;;~~~.:·.:-
~e.~ ls!liiJ _ , - . , ·.. _ . _ . . . . , ,u,· · 

· •. _·_._In pro~g the .sequeride or _events in the <?~:J;"at1orml. cycle of t~e ~ra~~n, · 
' · . oertatn devi<lef:l mus.t be -~l"iggered. at sp$c'ific ·va1u~s ~r·rnagne:tic fie1li strength· in the 

... 

.. ,,; 

· gap~_ltj.S· dtts~ble. th:fit :the ~ime•Jiiter, which corresJX?nds tO field jitter1:, of' the· 
·trigge~ J)u.Ues ~ · smallo · Xn the _:synchrotron this is done with peaking s~rips which 

· are l?o&t$d .in the fringing £1eld of the gap• · The rate or rise of the bevatroll; .. field· 
· 'i,s abput $~0 gauss/s&Qondo · •. .: . -. .. . - . . ·. __ , : · · · - · .. -~, · ··... , .__ • 

, . · .. ; . ' : -~]:ri t~ :bevat~oli. the ~P is ~ncl~sed~- · ~eit16n' of app8ratus into ·the p~· ii!l don~ at. 
/. ''. , the expeivje or_·a~Uable areS. _for tQ& ion ctirrento: Therefore1 it was -:tho\lgh_t a~~le ·- · . 
. ~ _·, . · · · · to pro~. with ·the ·owjent~ · Because Qf -residual field .and eddy ou:rrent considera't10ne · 
. ; _· '- .· it--~ :r~ot obvious·· th&.t:·l.:'brrent and .. tiel.d were in co:rreapond~!tnce at all. tiltleso" . The · · .. ' 
., . . .. ~of.ie. of .. this test was to e•tabllsb suoh qorr.e-spondeMeo . . . . . . 1 • \ . 

¥• .._ ' I • .~'. • ..• ~~-{, < ' • ' ' • ·;_, • ·, ' ', •• .' • , ..... ,· ' ·., • ' ,··; ~ ', ' '. ·, ~.0· ' • ., ·.~ \, j_~~},~·.· .. · 

,·-- , .,.,,Od~~t!:s!~rtp: (~scribed -~.~-~!X 1) '1ias -p~oed: ~ the gap ~f' the. bevat~on · · .. ~ ·.: ~ 7 
· ' · mode'I• '· T~ purpose . o~ the peaking strip: was to tndtoate ·the _·tiine at wb!eh _ the beva..;. · .. " 

tron,'field ~ached· a predete%11'i1ned v~ueo The s~gnal. from ~e peaking strip wafi ampli• 
~ ,fifid~:·alid-:dtrtel'entiate'd in tlle.<:ircui't shown in Dr&wb.g 211894• . The difte~n~ia~d · .·· . 

. ~~- ·,.,_._.- ··. :·a~· was &nlpltf~d ie.nd, i.tsed to-.£11:8 :a thj'ratron. '~~:was t~und, as-'sh~ ira' F~~ ~·~ 
-t.hat the tra1ling _ eliP. of the. peeldag .strip signal- _h$i a stee~r slope than.·the le•dihg 

·- -~- ~dgaii · . The :dU't•rtntial.. ~- he.ti _ approxilnately . constant slope oV.r _its- ~lght, J~o. ·e.D1'. 
· ::pari. of ,it· ·o~Uid. be tt$ed to 'trigger ;t.ne tb1ratr0ll.; Amplification of.. the· ditfeNntial , ·. · 

OtirV.-. inverts' ito\.· The poai tive pip tlnJs' _obtained ··is used to fire: ~he_ ~tron. l'lhen· · 
·the:·· bevatron field decreases a signal ot opposite· polarity is_:. prodlicedo'; ·The bias ot 

.... the tbir~tron· ~ such that the. small positive· pip due to .the l~~diilg_ e_dge ot th1;s -­
wanted signal wtll not tire it. :The thyratron·acts as a pulse generator whose sharp 
dui;.pu't 'iii· ted tO the oscilloseolM' o , · .. · ' :. _ ' ., ,. . . 

.. ,:·:.~---~--··1 -· ___ .··", _·_ .. ··_. ··.-' .. ;" ,-,_-.~- -~:-· ~- '··_-: _-· _·-::~ .. _ ... ; .. _- -~- .. ,-. -~ .... 
. ·. Peak1ng ~formei':S we~ made which linked the· maghet·-~c~nt lead in condUctor<) .· · 

Thei- are.de~or~~.~:·Ap~ndix 2 •. The purpose of .t~e. pe~' traDsformers _WS$ to ind~­
- .. catQ the ·.!n:s't$1\t at which the magnet ClU"l"$nt passed through a. predetermined ~ue o 

· Their Qt1tput signals had· ~ne·:;sa.me .:form ~- that of the peaking strip,· and they w~re 
~dled in the same . way. Two peaking tr~sf'orm~rs w_ere us~d at one time o . . 

;·· \ 

· . ~ryatio~s ~tt~imade·w.itll a DuMont iodei 248 Cathode"!ay ~ciUoscQpeo ·A ~iggered · 
sinB].e ntteP wae 'lise d.,. -~he. sign~l- .till.e, to oiie peak:ing · tr~sto~r ~as :used to in.i:t1e:t$ . · _ 
~- neepo. The ,s,1gna'-~- ~- to, t~e otMt~ pe~g .transto_rmer-· and ·to· the. peaking. strip . · 
were' v~~ed. · · ·. · ·· · · · · · · · .. 

. ·~ ' . ' 
' ,J;, ' 

.. Seque~ce or opera.ti()n wa~· :as._ f'~ll~~\ 

' ·Both pea1d.ng ·trwrormers ·~ere. set at 'app~oximately· the same bias c~nt. ·The 
-signal :from the one being observed was ·.located, :using the 10004--sea. sweep1 by· 
va:eyhtg the bias~ curl"ents--iri the transf'orrtte~~ ··rhe method .of' :domg this was to 
appJ¥ the signal to 'be "4ewed. to the vertiCal ampl:ltier~ · ·tt w~s ~at enough to 
saturate the ampl.trier for sev~n:~al: thousand .,.~~ li _It the -~•P.triggerhtg, · 

. ' •.. ' . . . .. . ' ~ . . ' . ' 
. .. ·. 
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sigDal e~ame betdre the view~cf sigUJ.., _ a horitontal line appeared in ·the Jd.ddle 
of the· screen. . ·~ ·the :vi~d. sigll$]; came t'!Nt the sweep. would go • across the 
bOttom of the. s~no Bias ourrentaJ wore va~d until the eaturatiou .~d during 
the &weep.... 'the- signal .. was.· th&n · ~pplS.&d. directJ.r to. the vertical plates and moved 
.to the beginnin~ of the )1.000 ~see .. .,eep~ It "as then viewed on the 100 -« ... sec sweep 
al1d fb2a1Jy on tM 25~c 81'18ep. · · · 

. .. . . 
'· 

' . . . At'te.r 't~ peaking' ~f~rmsr signalltae located on' thfllOO().u.sec sweep,· tne bias . 
. on the p&aking strip W&.$ varied m.t11 it •fJ.brought. onto .the same neep ~ the ·trans- . 

· · tormer. . ~her W6X'e kept toge:ther ·and .moved tO<taster. sweeps together by ~g bias 
. on the· triggerl:ng ~to;-tner.> .Time ~~rs we~ -placed on the screen Uci jitter-time 
. waa measured ri th them.;. . · , · · · · 

•• ·• ' . '·., .. .~. • .. • '.· ~· • ·.~ • 1', ·:··~ : . ·.•. ~·- . . ' . . . . .• • : •• ·.• : . 

. -lll!aulta.-.u l'!d' - - . _. .. . -.- - • . . · .· . . -· . . ._ . , -. -
. _ , . · It Wt\8 ·'found that b. wa:ve•shape of· tlt, 4000 tum. transtorars looked better. (steeper 
· ·· slepe)- when. vi•wed·_ dtreotJ.y;, · but that. they. j 1t~a ,_quite -badly •. - This- •;r ~ due . to ·- · 

l.aok ot oClin"ent-regu4tion, sillc:e very small qurreitts· Ate naeded.• ' ' -
0 ~ ' 

0 

, • ho , • - ,O 

' ~. ' ' •. ' -~- '. ~ • . .•. ' > ., . ~ • 

· The 1500 tu.rn tiusrormers ..Jere used ill conjunctiOn with the pealdn.g strip te aheok 
jitter• Sequences or appro:rlmatel.y 20 ,readblgs were t&:en. BAtsul~t . 

<, h • ' ·- : .... • •• • • • 

. . . _ .... _-. ... .... ~.-·'·,/~:·Ji~tAtr -... __ · .-_· .- .. _ . - . . . .. 
-· ";~ ~-~~B~ ,.r~: PT1~J'J:2 PJ:1-• Pfa·m:. 14 ,ao:rres~1Jli ~rent oom~ft¥,ng _ 

.: ·· · __ . . · ~ • - .·_. :; _ • . '< . : . ·. ·. _ : .:to Pealdllg Strip to n1,ApproX11Jate 

.175& .. ·, ~Ola _ ~ok ,',~~a- f!~•c 1~---,. .. 35. gauss - . ~05 : -
,- .30- - . 602 · .Q3 ·. .5 -.. -o -·. :S · SO- puss.· .., -r"' 
.. ~ o40 ·: .03 ·· o04 • · -~' · · ·i.lO · · *s -· · ___ . SO tfftUSfJ_ · - · 45 am-. . , . . . - _., ·.4· ;t· , . ._. - . ~- - r-

~-;Q o04 _ .OS ·,_ .5 . · lQ · '· ...,.t.O . ~ · .· "100 g&Us$ -60_ atnps 
.60 . . .05 . _.06 : . -~S __ · ct,;: : · <t·; .: .· . · . 120 _gauss.~- . 7S amps 

. : .n~· . -·~06.' ,. oC115 .-· ·•5· ' is<··.'. ~ss .. ·_ . l56"ge:uss ' ~ amps 

. -: ·"It was .imposa~bU. tO go. h_ignor ~ith. the peeJdng· .a~p .d~_ .to --heating. The peak~g ·· 
'· .. ;- ::~anstetm.~s were taken o" up.· . · · · : ·• · ···;.; . · -.. . .. . · ·· , . · 

' "' .... • • , i" • • • .~ .• • ., • ' , • . ~ • • ' • 

· · -. >· ~· '· >: > Prf. ._, .. J:'l'2 . . : -~~tter-~ .• _Oorresponttlng ·rle~ co:rresp<;md~ ~nt' . 
, ·, ' ·. :~ ' . . ' "1.11\ '_-.-··., .~··. ·o·ll· ·. · . · ·. ' '. -.a; . .,. . . . ' "'~·- . ' '· .. · " .. It-"· . 

. - . .· • . . . . 04\1 . ~~~ • . . ioi;OV· ' ,.1.;1\1 

' ~ ;: ·- ; ... ·~20. . ~21. •. ., .. ' . .: . · .. 360. ";': . 300 
···· ---_.; .•. -20 __ ., -· . .,o >·-.o··-~--- - ·' ·' ··< ·_.:l:!·.j,o· ·' .____ ... _- ··411!_0 • 

'•' ' I .#J . ' Q.;). ,•J. ' - .' , ' ·. ·:' 'J;} . ·. ;_J . ~ • I 

· · .::-· · :· --_ 'l'he~ w~1vo~n .ctrtf~--8U~~~~~cfup<m 'the jitter:._ <Thi$1s believed -to l;e· a ~~- · , 
·. ·J*rature ·e(teo_t\04\U$~4. by res~s~ntte chal\{{1!1 't>t ~he bia~ ,windmgs _due to heating •. ·· It. 

. •,"'·. 

· ·.·· .-~oU.ld be cotrec't;$d: hi 1,1s;ing ~.· ·~rtn~regulated. supp:J.r •. · _ .· · 

. · · -: .· :n.:·~~~;_ot. ~~e o/~o ~U:I•l~.~c~d~meau that ~a .t .lo ~cr.eoond .time. bittei' . · " .. 
. .. ·, ;corre'ap•d.rJ·tO a· field j1t't$r 6£ -to.•OS,:gauss,·.· approx!Iri.at.el.r •. ThiS is ttell w1thm the·:··· 

tQJ.e:ruae '4es1rea·· foli the be~:tron~. :~: '. · . ,, . .. . · · · · · .. 
• ••• "' '< ~ ' ..;, ' ', •• , •,':. -,~ ~- ~- ' 

.~:"·-J~. ·.:: .' ,\. '<·.,-_:~ -·:-. ,,,, 

- · ' Applrlld.ix 1 · ' '· 
. '' ·· ··' · .. ·- ' : , Pe,ald.tt_g Strip 

1 
'- ,_;··· . - ·.·. . - - -. ' ' -.' _. ' . ,- .-.... . .:·' . . - . :· t :- ' 

·. . TlU. pealdns f.l~p :consists of.io J.ity6r., .. ot ~-O.oo;J.tt. ¥. 1 em x 12~ S~~~~ ·p•rmaJ.J.ot ·. · .. , . · ., 
·· ~~ : str1p'·wQU1l4~o'i!.6-~~ or its :Jitngth:wtth 11'.11 e~l.led 1111-e. 'lh~s-1s _approxinls.tely 500 

' ·turns •. ~·' :Perlila.Uoris motinted ~· a-_2.1 om-~ .12ft strip of ~elite. which is . 
·· .. plaeM within a J.2tt lOJ:tg. solenot~ w~<t ;llpo~ 7/8"· l.De Bakelite Tubin~. The solenoid 
'' -.' ' • - ' . . ' _. ' - j. '. 

• . . . ~.i 

; ;,·' fi 
l'i 



'' 
' ' ... ; . 

- I .·, 

/ oons.ista- of S layerS . ot ~12~ ootto~ 'covered wire, which gives approximately 4Soo turns 
· and _eor:respcm;ds to :400 ~/in• The. bias ;f'ield, will be apl)J,Ooximate~ 200 -gause~. 

B1ati current tlows in this solenoid, •Usmg the Permalloy to be saturated. Direction 
ot the.~ bia.s ourrent,_is -~Cth~atr .to gi~ ~ -field-.hl opposition to -the bevatrcm field. 

· · - · · See f$.gure 2.o When.- the.- bevatron· t1eld ·1-eaches $ -Value eq\141 to the bias field,- the 
- Pei'mall.o7 fl'.Sses ~ou/th. ~ro ·rield··on its B-Il' curve. As the bevatron fieUI continues 

· · to in,Ol-e~e, the PeT!naJloy. satvates in the· opposite d~e(ttlon. When the saturation 
ot -the fel'll18lloy revet"Ses, ~the :flux lirtld.ng the signS.l winding <in the Permallot changes 
b.Y_-twl~ 'the satura'tito~ ·-n,~~:•. ~s g1'Ve~ the outpu~ signal which is proportional to_ -u. 

' - -'" ' -' ' - ' .. ·- . _--._ - - - ' . -' - -- . ; - dt 
' smce P•rmall~ eature,tes., -~t: lees thaD one '<>ersted1 the length .or the ~tire $1gnu1 . · .. · . 

,Ail' 

,tJit " . .,..<" ,. 

. ·e~ss~d 1n terms of oer~Jtedsj~ is not. more +ban two· ·oerste-ds. 'l'he trailing edge of' 
the signal oceupies much _less; ~ this. The 0\itpilt signal -Q£ the ~t.ron is thea 
an indication of someltcWith!ft 1:.01"-4 Oera'tedj if the byster!sis, ·eddy cuzorents, or . >.1 . 
SOlile other factors ~o-·ll~~-.'~uee. ji~r. · · · · 

.·. 'l'he core~ aft ot o.ool•· b7 i'• S~G~ ~rmep.oy, "w~d .in a ·ring with inside 
diameter or 5 em. a.nd ri.dhl thickness of 0.:3-.om. Since Permalloy work•bard.ens vef7 -
easilf, .. ~se· were made-by .. ~indih.g· ~ra · trom the ~aturable reactor~ of. s.G. ttodula• 
tor&. for tJOf(le. ·S!l s.hip~~ ra~. -.: ~ · co;e jlae ~Je.t't' Ulli'lor~d by th1$ proeess • A 
toroidal ~£ng: of ·J."~ qovered 'coppet> wire was used •. The 4000 tum transformers · 
were Vicitmil :w1~ IJ?/J., \J~'~rmd the 1500 .t.\1lrn. tr&Qto~l:'S with /f46 wire. The signalWU. . . 
~en ~m the ~ias w1n~1rtg .•. A series· chOke 'wa~ used .to .prevettt ·ahorling of: the ·signal · 
t~ the batte:cy- c1routt~ . ._The outpttt sipal'~ r~- e.nd h&ndled :b the same. ·manner·. 
aa ·t~t o~ the peakiilg st~:tp~.·. The measured t:t&J.d; ~ste'i.l'd ot being the field in the 
b&wti"on gap,-·.is the ;fie~ linldng the eurrent .l~ad _of th~ bevatrcm~ - · 

· . Stmie /Ho~ ~ound.~ .clos~~: patn i~ p~bp~rtt9nai to- the: ru~ber- of ampere~ turns - . 
~b.'lkedi the ratiQ ·or 'bevatron :eur~t to 'bta.s. c~nt is silnply ·the .ntunber o£ tU1"D.S of the. 
peak!Dg \r&n~f'Ol'nle~. . - . ' . . •' ' . .. . 
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FIG. 3 - Peaking Sthlp Mounted in 
Quarter Scale Bevatron Model Gap 
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Fig. 4 - Peaking Transf'ormers Mounted 
on Current Lead at the Shunt 




