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$ferio s.tudi&a have been made by a great number ot" investiga!l'..ors to:r thG · 

··ps.1:lt tM.rty,.;.~~-¥$3.1"$• With the exQ-eptiott, of the llltru.1U.ea 1$.de at tht11 Okl·Q-. 

~ ~titu1;e of' !eehaology. tume ot the previous 1nvea.tig.a:tioas ha:v13 be0n 
.· . . . . 

••.. •de for the-~pre:as .p'W"pose of investigating_ the &terica du.~ to -tornadoes; 

or. to the: sferio.s lth.i:eh are produeed.du:rmg tMil". tormatiOih 

Preli~fl¥:t "~e'.~~it,tt"?h has inw.cated that ~rtt~oo s:fel"i~1' have diatin•eytfve · ·. 

cb.a.raote:t"i$:t;<{s :by-wld.tih they •Y be identified~ :; .It is hoped ti~t bf a .tur;-.; 

tl:t$!" study ·ti/Sttri;iado ~ferios these t'indiiigs ni1· be verified.. On.ce :»his itf· ···· 

aceo1nplish~d;ti. sj~f~~m.:can be divis.~d whereof a/~ee tornado. wal'niuis:a ean oo; . 
. . ... ~ . .,' 

given in an, €if.fort to reduce the number of lives lost at1d. propa,r:ty d.i.maged.. / > 
. ; .. · ' .. -.. " ·_.. 

In th.@ 'pil\itt: q~u,u.1':tias ti;eldom received 11ruf'-fici'e~t wa_rniJ1g because oo:innnmi-

ce.-tio11fi. "faailitia.s W&l"8 'U$ua.lly· disabled by ihe tom&do$,i, thu1f preventing . 

iaedi~.:te _'ftrnitti frQm. ooi.auni tiee; i'tl. the wa.k~ -0£ 'the to~ado .. 

. . . . -~ . . 

:i.mpt:'O"Ve"d system for- th@ r:'8~0l"'di11g of' sfer:io- l'iaVGf'O:Mru:1 tGJ be USE.id. ~Of' more ex-

tensive tor.pa.do re-,eareh .. 



~~r hiff ~y helpf\il ··· ~1,:igiesttons a:t1,¢1 $ijsi,eto.i:i~o in the prepa:rat:ion ot this m,a ... 

:t~r.iiil ~ · 'f~nk:$ e:r~ ~lat> due t.o .?re:fttll&Or Jt.. !{tt(,ter v.nd Qim:~r tnemb~T.s of the 

.si,hQ.o}. ~or th:,tr oo ... opa.riati1:~ in -0b·be.a:ning the r-eqllired oomp.rm~rti'tllt ;tor · '~~ o~;n ... 

strtietian 0:f the squiJ»oori.t .. 



• Antcuua . Ca tl1cnt, Follewe,:r 
Volta.g~ Ampli.fier 
Compellcse.ting; Am~U.fior :fo?? J\.nt~nixa .Cirt;,uit 

D Output Stfl.ge 
i · ~tl;1gg~ Cirou;tt 

.... 
Fn~e 

1 

f ft"igger Heoliaiiis1a for tbe h"we~p of ·tu ~~oiia-ltay· 06,oillo~raph 
C~-mfJ!r~ Circuit 
S't);!ohotr:cm (Jireuit 
.Pt:,'life~ Su.ppliea 

i,,,;;;;:,,.,,~"·· .t;':tsA,:noo.e Fc1 lQW~r. 
Vol~iii,"e t~l,1.f'i~r end ~peJi!i.~ating .11tlpliti~:r ftor the Ant.;~ 
C:tr~uit · · · 

C 'lri~~sr Cir.eui t .Q;nd l?~w~r tmpply 

.A ~waz..a ~thQ.da lrollc~ec:r 
B .VQ1t~g$ AmplLfier 
e Anti!~ Cirol;li't:, C:Oln}?~Sti:ting ft.mplifier 

· c:b~eu .. tt · 

.. ... (>· ., .. .. ... .. .. ., ...... ,,,,. ... f) ... :.. ... . ... .. ·" ... • 41 

A Equip~i1:j1:1:h l,Qot;i.t:io:n 
i. lmtelll'la b1aula iror :Mcnm:ting, 
C D~ter.mir1at;ion.; ~nd Compensation :f'qr An;te::1~ C:1r,i~uit Constfl.,nt~ 
:0 · {hterall h6quGney 'R$$ponl!f:) lmprov~m.wt fiith lii.gheu· 'ff!)ltag~ 

Jtmplifi~r · Ga1.n s~ttings 
E Ar~:i.g~men. t {;)f lnf'o~ tion \~ oo. Rec~rded 

or ~ Daley Liu.e 



. . 

ntim~l" .,,f d!f'i'(l't'~it ffletl'UJdS h~v~ be~n dac\fiiJ!B.<f fo~ tr,e It.Udy ·or• ~.tel'i4 
. ' . . . . 

metf1()~ th .. t h~ve hi:aen ttsed nav:e oharraeJieri$tio* · w'.hieh e.i th~ 
. . 

ni•Aven•t: ()!' ~<el"!l'!:'U~ly limit their I.We fo~ it t@lle.J:'&.l &tUdJr()f $:f'et>iC 

o~her$ req1.ttre F,ondat>ou, !ii~d 8l~oo:rate ~;1~1mE1: sy3tema 

. . 

hkfut l!"Elittia'tt&noa e.:f' tl'ttJ m~~t'W"ing equi1?m~i·i. 

megohw;t1<., . In.· o~der to m;,'1c~~in the d:eairl;ld tit,le e®~te.nt 

·· .. ·· .. · ... · .. · .. · < . ·.· .. ·· I 
ll}$01ffi,,l :iuilpli~r in:$ul~tor& w~re ueoe:as,~rit. !l~p~t·im,et,l;i;~ p@rtorm~ii .:m· Aflatralia 

·d,irat!Oll {)f sftn•i,~a ·mJi,:y be $.~ ire.at as o-.n.e-h.~lf ,~co.ad.. !he 

~-. . . 

lG!O .n ... MtUU."O ~d L. !1· liual~y. 1'ijbipbot:i.td Ob~~l"V!)),T:l.t\ll!Ut iii.th <fi Gath~d~ 
:l>il:'~~il:io~ ~e~ie.oo. Engl~d ~nd t,.us'tr~lta..i' · J ... I.ll.lll·.;. \f9!.., 11., P• ~a~. 

~b$r0:11., "tPrt:11:iminaey Study of i\1.'l!losph0rie~ by .f.lti(~bode ... 
t:ci5ltes Rillindu$" V'.Pl <!· 207 it pp ... 41/JQ-402, t.~l.~~i}. -.i-, '. ·---·· iz!61'. ' . . . . .: ·. - .-, 



kiloayclas per $®eond ,will b~ sa,J,;iai'tt,otory for a genf1rts1;l study of' sferi()s ax-

. 5.,,6 
cept thos.e whfoh occur very elo-se to the reoelving ru:1.1Jeni1a,. 

s~ntad ~s, a voH;ag(, sotirceg, the i:ute~a1 imp-edm.nee of' whioh is 

tenna impec.1i:u1c~ oom:i.eoted to the receiver input .. 7 fhu~ 11 1 t: cau 

>1 
repre~,entml "1¥8 a 1)tttp5!ic:itive l:<'$&ot&rwa. it, 

51;;... Watson 
ph. e. rio·.~u .. ~ .!r.t •..• oc~~dinTs ,of 
pp.. 267-3~1.t (l9Z'l ,. 

J .. !P .. lle:rd and f,, E,.. LutkiJ,.i, 
thf;l !?rnral Hoo.iety o.f Lotuion .i, 
~~~~ 

61.sppletoni? ¥lfatson tmtt it:nd Hsrd" ~"' oit .. 

a(rtt ?he lfa tw-e 
Ai; Vol,, 162s 

7 F,, E .. T@rm.an., 1::retdio En.gi-ue~r:.;l !!andbooka pp .. Y8{i-766~ 
. ·-
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.. '4.d~tl til$l :the tc ;,;;,~- i,~~:li Jg .de ~l 1u- ~~a~$Qll to' :ihfl; yeri$d ~t . 

_._:~ hir)~~ ~e~•~i: eompon•ut ~- -~ wl~,~ ip- k: *}oli:$1~~ l~eo/i~ ---~~ .· 

1~·~1tl"10 ':su~·:m ~ag~ment pQUJ;q.··be }W!~d to obtai~ -~r ,~~,,i~g ~4J· 
~~ge ••J#~j ~.~~cild· .. 1~~·be U1.tigi-a.te4 .. ··· '1'ht~·••tl\o4,··•i1, no~:~sid1trri 

· .. .:~-~~1e t):om,:~~ ~~o~i<;al Vi$W:p0bitbecaag_e of.·t.hii 1~-r~•lwr·_111p~t-~ltag~ · 

·_ wl.d.eh J'.'•e~ti.{ix:' th~ :4,()es•rtl7 low ~u• ;t r'~~i••r- input r$$\li~~~~ · 
:. ··. , '.. . .' 

,fJl.~.d~!t\~;~i~ii~ .the.· paoi»(VfiFhto r•+ir~$, :or .. tbe• nv.t~~- ~~··to,. 

=!( 
·.tQr t;h~ a•t:,·:~#~~'..-~~urben••·· . ~Qt .·~x.pe;j~~·-i-~.· .daol,i~~ted ~t l~: .. -~~!~,;~ <>~ ~1> 11\\ti.~ thv fik 11, addiA,i,O!l . 



.. ft>~ ~~,'#~o~ir; of··.iwJto.lkid<m.«Ad•m«il;t'ta~Cit,f it .•s: ~~oidEi' thet·,ei•·· .. \, · . 

. ~» .. ~'tmu,i:~~~; ~· ... ·~~. ·~c>st .. ~ti~ta()tQry ..• tor .~:t, 'a.ppl,)~tJ.i~ri, .. : .: :'1t,tl .ffl),~~ . 

&l~•:~ ~; .~' '~~ ~gt( towers o:r::,pol&&: n.•(ts$$ar,: t&~· ·~. •uppol¥t. ot a 
,. ·_ ·_ .·'_:;~/ 

::::tr~~£(:?.:::7~~;:84or7:::.::~:4;. 
4tbet a ~~01~4:~~~~,ge.ctf .. Rowev•r it. mst · al.so <~':,nf)\e! imAt:.· the ~ad~ei ot 

·.· ah~rt •~' 1~· ~{9t. th~r~bT requtriag the· r~$iyer to hEtve a ·vr,q lligb tap~: 

·~~~~. i~ !~~a~1•i1: lew f~eqtas~ie.a an;. _to - rec~1ve4 wi~ttt ·~ attmi~t ..... 

·pa•• '~ii: .f~u~~f d1$~pt1~. ~ su.tih m1 .aat~1uut 1$ uhd• th• re:~eivw ~- ·.······ 

pt ~~01.J. ~~ ))~ ~- J.,-.~~ 2000. •go• .it n~gl!glbl• P.~ee Nl,d trequen.Qy .. · ·.' 
.. d.istant~-i~ii;~'. h$: .. ~~ 'at. br~mc~$·.4Qu ·~l: ZO ~,~.1"i .-pei> ~.e~~ .-. It ~3. nt>1t} . ·· 

. --4 WU$'~ ~ w !tid~~in a·~eh ~- litr.1~ ui.p~t blp6~-& bac,$1.·~~ mt. •l•ot~~ .. ·· ·· 

. · •• .~~· .. \t~'lttire:s -~~.i.al F~4t\ltiou in .. · Qrd~r t~. ~~er . b9t.b. th~. -~~ ~id -the . 

. ,uao~iate4~~t•:et•n -d drJr •. lhe:s• f41te~r~_v,o.w.tt.:be ui.~fldi;U~ W.· tli&···._ .. ·.· 

. ~- '.bt.-i, cog_~ .. · ·••t$£ire it na ismid-4 .that ·the aoa;t prao~~~) •ih.od ot:. . < • .·.· · · ·· 

•. 0;btahliag .~ -h~gli '1n,~11t ~&uc~ ·~d r•s~~le st~l>iU,~ W&S. by th~ -~ ,f>f a . 

c,a.tb.oJ• Jollow~ .tt't tllG b~iff> ·.ot tl\e •n~a,.. fhe high :fflpt.tt ·laj?etlaiJ.e- .• tm.n. thus 

be oh:l*~\'tC. by ·~si;ig ~-v~nti~l COJapm.tEmits., .. J\ C!t\thade fo;tlower $tt -~ bat~ Of' •. 

••• -~ wouUtat~~ •k4' it. pQS#1bla to. pJ:i,.ce: thia Att~ -~ M..s~oe .from 

titlJ.1 ,r·fJ-&i~». oi poweti. l~& intGtter~i)e.. . l;t ~a decii-ei ~t :~ ·et1tllf;de. f<tll'llfilf.er. ·. • . 
' , .. ·_ ... ' ··.. . . ·--. . . ·.. . ,.. . .... :,; ..... ' . 

· .. &Jut_~pe~~~- ~t·· the order of 500 -~oblU would t>a .aitt:i;$fa~tory\~o f~ a$ 

.. bU~t,_·1• :~cG!'n~~··P~~idinm fii toif··$:it4pl• pI"eQ~tiOtl\s:·.~··~-.~> S,laoli·:· 

thitt: inl)U~ impw+.:nee ·ia ltOt etd$~~t& tfJ J~iY$ ~~i!~Ta rt)~~l1l1$~- 4~ ,to· Q 2{). ~~l,~~ ·. 
·.·Jfi' o~<l ... •·~ .. ·Jtol7Jl_~f' o.oi~®tb\§.netwo~k ·ar.a~litJ~r···is l.ll•~ .r,tldr1t4:•· .·A ... · 

•i~e RC ~it- ru:, n~tmirk ~~ n~:, 'b~- tt~d ~1~$· u. obtain an ;,,~Ntll un~;o1'1Jl r:._ 
· •~•• flle'iw.e of ~~r.1t1t .teerl~ck;w:ttb :th4) offi$oi;; ~h&ra~t•rl~t~e -~-. 



qtl;:~p"\lrlli voltagtt ti'tAt . 

A,Bti · m11eyh, gr{!l~.t~r · t~n · 

, ~ tile ~~~attou,S is 1~g~ti:v-~ th$ 

, ' ' 

iPiV~rtl~· .f(}eUba\';k ~pl!,ti.~r .frt>p'ii1l"tliont1%l t~ 

~·~c .... j ·---.,.,.....
w c4'mt· 

et litel"llt't~..ul'e.. -It vwe.iJ o~immally the opinion ot th~ au:ther that tJOm~ Vt)l'tafi;e 

m ... !iu:idl.tit>tl to ·~:t oi"' tite ain,f:lifief'e ~mpl£»y~d $!1.·the 

io l\\.illivQl t~ i~ :b:Hittce:d in a 1S fotd; 1lr1$rtiot1,l. '.\f.'i;re . 1":rqm 

a'""'"'""1'll' :trom. the rec~ivar.. Nn~rtheles$, it -lll deeided. thAt 



····thet~.~ ~ ·&·~:~nrtJf )Jo~.~.be' d~td.rable •w··•upil•~t~e··ga~·ot th•····· 

fr~~~OJ'. ··~~.f ~~· ... et>rree·fttng oplifier~ . · 

·. ·. Sbee•··i{ is ~~~~,$til*i.·. ·~. ~Oll&f)rite· pnotogra~,ie· t•t1iil;<i i ·ww• .. d:e~l~ ,:tt>. .. ~~n~ 

atruot a', ~1"ei ~~e;ti~· that ~oild :pr~et ~h•, exp.S-Ql'(!f <~£ i~ t1~-,~l&s~ &' 

··g,lf.p-1,'~th· Q-.. ~plit~: ~;QI)~.~;; !>l"edeter~e~,c;w<lu~ ~3 i°e~ei~&fL ... ·· 

fbe .~~ra; ~ n~··-~<ttl to record· 'W1e·· •v$t~ :GWd o,tb.w .,~tu:teat •ta illf ·· 

. ·: .. =::•lt!~::.:·::: .. z.:::•:::::: ::r 
.'--

. fiMtf~~ r~#"l'~~: ~ft t"vi~ion:a · ,tQr · ~iq~.;, l:1.':QJ!iJ •)iJO$~~, llO • ~11\" ttlw.l'.'~ ·· 

:i:u1tbl1··.ew-'l'eil,t,.:qp11r~~ .. mat~ of:··,f/& i~··.wlt :d~~ct.~~r~~. ·.·~.~e~1·· •t·,··•.··· .. . ·.· 
•hlfl'ld •1~a '~(?~~~ •. ~. appro~u s~e. .tield ,ot eoY3:Nli,fl,lc ·1~- ~-tr;,· .,,,s.:· 
~1-~ t~, ~Q~~:t~~~tU .Md an• ~~ge:ttiEmf; ·i» held·~. ~-~~ ~p~ '~ 

keit:~.·; xi:•.-~ 1;coh~id.~ ... , r~.1~14 t~ ltl~v•··tlm· t~\att.-·~~.:fwi,:~ 

~iggfl' ~t~-·Sf(~~~,e~¥iti~ rather ·~·. to have ·tils b•1n ·,ta• o~t~~~l:,,.~1- -~· :'. 

.. ~h~t~ h Q-~ o~ate4 •.. :~ .:m ~aaon. ~~. tM,a. «~e~l~ ltl ~i; ·-~- bl~ 

villa of, ihe shut'h~: i'.3 :too gra;i.t '" penli~ niipid bci~itiim .. : .. el poaellnli~' .. 

tJl:,b~r~g th~,'J~r~~ ls eilso ~•tJ.i r>e~ueri b1r ~his aethod •f·~pa'tiOA~ --~· 

r®dittoj~-. ·01(·:f;hfll ~ara.:-.r~, oar;rted.. out: ·ti' ~~ q,. · A.,; ~o.dff 'Of:. the ~n.eer- ; . .·. 
mg q$_ l$e~~h lUld ~ei-bmnt s;t.ation. ' . 

' ' 
· flttl' ~aga a• ~uUi.;t~.d ake~ it pos,S:ible te.· J"i:lCOr4 ~¥ in!'~r-'ti!JA ~i: .•Y 

·. be h~lpM ~.~~:"w.4¥ti1s··~f: the ~ve£~~;" for ~~l~.·it-.;J'h,i1.,~3S&~ 

.. ~·-~~ ~. r-~d of >tiie. '4u'~~ti~a eii" the .~ceiv•d si.p~l'lt 'tll$ da~~ ~e ti~ ot . ' 

•,,-~.· «•.u·· 9~'tral. -~e~t~#·t)f'. ~lttie,r~_., ~4 .~· pe,ri~ •()f • ~:i~~:, · 4:.b-eult. 
~.· t1il"e,}ti,._;t.n4t~tion o.t tli~· M~~iv~d ~~l ~ill ap~~r .~~ :~ W@ ~k: 

· -,th~~, \i(be'.'.l~Oiii'!l$d n~· th$ wawtorli o&etllogr•~-: .. ~ ·~~~t1-·t1.ntim1 

•tut~t i3' n~ ~.~-~Y~l!Qpeti ~ ~. !h~·'z .• , th~Gfi~ •. ~ $.t..~ .. ·e~-~ol.. 
&$\i}~g- ·a~ h11t' plti:~.a on ,a small ~• ~;i ph~to~r~p~d al., '~th ~e ~v•t~r~ ' 
U4 d1Y!'eoti011->.inlil,uti_,, : -TB•. at~ ~. l'>e i'~oord.ed tr-o.11 a 4~1 el~ plusd in 



the fi@ld ot tt10 Q:::\miera.. tha -earij beitring the coo1a"~»l s•ttiugs rmd the: ;;:leek. 

may be illtULtfla\;ed by a small s.trobotron tulie when 1.he aig:m:i_l is r~oei~d .. 



A· •t~-~~e·ro119W~.· · 

. '•it ~~~~1c ·U•1ritm at ~~- a~~a. ,u~oo~ ro~1ov~ 1.: sh~ 1n t11t~e , .. 

. A •W:i.,:P~'°~ , .. :oe·.wa:a qhosmi tor ttte Qat..~od•. follower: oe~e o,t· ,t~ ~ru;a'.t:1ve17: . 

· .. hl.gh ~e~oa&:£~ttian~·~- -~1~1 ¢4 *~t;rooti~&I' it&. ~lf fAZfSilf4t1. aia•;f q,l '. 

it~ low .in~ ~l:8-C~~e~.. . aino.e it 'ffll& coil•tli.{lered ~U~ to k•u 60, O.)TCle m~- ·.:, . 

£"~-08 &B t~ tr• ~@ IUt~ U ~aurib~e- . (li.~~,b CW"r-t: Wtf eh~ t~ the . 
' ~.... $1ltp~lyi ~l·~t~ •ol tf.tg@ ,~uld be &upplieti :Cr~ bi?;~te,rle• llft;. ~ oa;tllcd•_ . 

· .~11.o~i- .er :~u;h. a·.~~~- a-~ flbie:ld$,d pai~ tr-om tne:amp;U.ti~ .. •·!h•.&~14 · .·•·· 

. l•k i-i•taj~ ·:iapel i. ae ~,- aa oo~d be r•adi,ly ·o~.tain•d'.· ~- a¢r~ V:i{i 

·. 1a·n.-.n_lr··ltY.•P1•ffti '.\;o -~flf.~tbOtl•.~ Qr'~· ~.() .. _pt"Ovido unit'nm gain.~· to . 

. ·wqr low i~~~l~~· ;.~p:ssw.g tho. ~~een·.to ·.the: c:a.th~e,-ottera ~.•·aavaw~~ 

: ... :····.-• .. ;r•_:.·•.:. : .•. ·_ ... _._c•_:_ .. :. ·.= .. ··•_·.·~·m· .. : .• ~. u_ •. :.·.····.·.:. •.l'_.·.·p&·-• ••. -.: .. . tG •... i_a""' W ,. i,,.,tw ,.,j (l-A}. _;., A ~ 1;1i& ....,uf'i.,...' 
...... _.. ... ~ l!il~ --•uw .,. . .., "" ,. · .. ~ •:pu1tm:i~e fr.~ the -~a illJ~it l•!W. t» ' 

ca,se is- e.l.so:·tiaH'luc•d..hy ·~e -~ t'~e:tol"' i.• omapariaoa. ·~· ~'t·:$.ti~id •,; ~d · 
," . - . . . . "' ' ' . . ~ . ' : . ' . . - . . . . . . . . . . 

the ·--~ ~. · groundod.~; .·. lhi$ 1@ due . to tne t~et that th• .me~ caae: liii•a t.o . 

i1ouact· t1w.•i~Q~$ ro,J.~'$r i, 4ww~t:edrto.,.-t11e cat11oc1e .ct. t.ne 6AKf.i.,.·. -,,: ·te·--~1 ... 

-~- ~t ~ ttiJ?iit ee.pa-of;tiin.o& ~u41d. 'bfJ. nt the ~rjer' <>f ;i.: -.~t~a\lc:rot~ad it· 
·'.· .. ·.: 

.:_ .. > .. • ·. ~ ~-



" 1~ .t1u1,~ ~ ~p1tt1~-.it•: ~lote to unt-t; i..s: '1ea~bl.eJ.ta.ev~rr ~ght.t11put. · . 

. 1apedlul;~ 1~: to."~ °'b~itled~·•· ·. ·· 

-~··app~~xJ-.te· ~plittc~;&i<m SJ:· .1,e C:Alettiiite4 bJ' tb,~-- t'$lat.ion• 

·. QaR . A::_·---------. :1 -1-a.iS·•··· 

.. ~~~it·t:_;7-t:~;tf.:®-:1::4•·:t~·~.· .. 
. A. is· appNxij~1; oq~i -to•. o.iv •. : :~QTti\i~~lf;,i:::ll. l0.1' ~14l/t;itm ·in GIil '\t~ll ~;~~.\_.·. 

~. ·a, ~f~t$;~ll(m. i::ti4 o·~:a4~i-: .Any appre~i~~t~'.~arliei.tt® -~ th&, ·_up:ut.··imp,~,~· 

·=14~-=~~c•:d::::.::p:<±t:~:::::·~o~/#~1· . 
· ~; re4:ae• ~:~r~~~t~'- ~t. V~l'it\t1fflilr ·~··· h\1$i~~~.1*e k!U~&~g of _tlae unit ~. ~~;~;~:, 

\it-~ -~~~~t\ ~~ .the-,_ exoeptitm ~c ~}•: ·~· p~ong Jonell pl~ uJ~i f'cir- supplt- · 
. mg powe~ ... ; • ~ ~}i.~: -divider ·Wied .to prt>vid& .· ttUlt .Qo.~ree·t b;\a.$ :.~--- F4'&rabl& - : ; •·. •· 

~ w ltfi!~l,.$etlwd ot a•lt-b~sln.g ~.ee~uM f$f. the sl~ghtly .ldgur ~put &ap~d.;. 

•o• ~t c:oui~ ,be; obtaWd, · 

.,· .. _·: ........ · 

··· 1•. roun.d to . ·~- atm>ob~s,.1.• 

·. j · !!!~~ !5!1~~~~. : .... 
·: 4$: jhp!f~j~;1;,t$#;~:} the vo.l.ta&•.~!1ti:e;r·'.~.on~tfJt.l& of two s~ges.;;,.f'·-!:;. 

· 11t~"" ttt,,.;<lie' i'eo«liaol<.i . · 

~ll>l.4~. > . .· ·.·.·.·•·· ... . . ... · . 
J,f_·. ".······ .. , .• :t.>_. ·'·_:~. I _ _-1 1·.•."".· "' .• ·_,._·_. .·_i...~_--_: . .,._,··.· ••.• ·_.·: ·. . .t. .. , n..,..;. .:l'I,. . ' M ..;- "?\ . it .. ~-3,. .i,.;:: .. .". :r, ,;..b· .·. '· . : . 

!lh ;;,·- ;t, -vi'l.Ui.Ui" .... ., on.11®~.4WW\"'!i,f0f.}~ .. ii;,,;.•.l.•4• .•· ~~~ ~ {,)~Qi,!l;}tl; ·.· 

sor1u.'·vo1.:11# . .,,.'41· 
. ·1•v~·P-•1 ~a/~1~.,:i:oe~.tJi:~.~ . 



··. l,;ki ·.' 

·' .A 

. ~ ;<. - l<-+ :a:~, . 
·. >$,);e .~ ,')!l~J\it;~ ~ t;,il,& ti,,,.,;tc~n,l!i{~hetirl!\te ~ >,$11~ .~,i 

··=~~::1,i~~·b:::·:z:~l&~=::~:;:· 
.t~ie:· t}:f~~ :~'fe~$:fi?~~~~~{ ~plJ.f'f e~ti;®: .of tt,~i '.~o: itage~ Eih~l~l _b~ Jn · i~~ ,·a,,. r,Mrr 

~Ojl<> ~;~~):•f}l\:•t ~ ~,,,a, ,or lLO(I~ ' ' .. . . . ' . . . .. . 
.· !h• .h~l'fiPQ~e1f Pii~t.<)$ th;e Q'011pl.u.e; c:iroitit·1is: -l!ipprox~te~y,l:.~. 
:-·: -:.:: ··.-...... ,. ;··;~?: ··--/~--~~.:-····~:: .. : ._';,:" . - .·· •. . ... • ' . ·:-; ·~ 

-~· _\-.. <·.'.-<.:,· .. <~- . 
' lt ~~ ~a~~;?'?d tba,t.. :~V:etict, teedba,qk;' o.oµid be. ~Jed. •. a ~~~ei; ,-.a~nt~~' < 

'i~~. ~llY• *~~ro~tliod _or .. ~-~ eomtrol!. Bf·,'apply~g ,:i.~.,,.,r.se:t;+,e~· ~~.:.~•. !+r•t:/' 
.. ffl ~~ti)S'.1 _: i,,{~~!1\~i@l_l{anti ~i;r~~!i: not~e i$, red\.lcech · ~ilO ~~ d~21:;gn_ pr~V~~e1J . 

. a. mean~: of lorr ni;~quen<,y: ooliWf}~s.~tion fo.1f tb-e. <f~upl.~g tte.:twork to ii~e ·. 1,11ow;;ng 
• • • • ·- .... "'t- • •• '::'. ·• '. • :· ' • •• ~ . • - - • - : . . • • ., .• : -.. ~' . • • • - . ~ • • ' -·~ " • ·-·. ' 

c.,lrcuttf·,. ~i,s· it{ iiu~ to the c~sotensitic,.~ of the· t~d~ek bir~~tQ' ..,. th~ ' 

. Ftll'e:r · ehoioe ot. th~· t~,d~ck.: \:l0cokil\~ ~pe.eitor wttlt reapec, · ~ tli• • r~,1-~~e 
.~· .• efeedb~ek:elrsutil; •b• ~in .. ?f the,amp;ittei-·ca~ pe ade·'to, comp••te·f<>r 

tlte; eh,~Et,e~~~i~tie de~?"e/J.~ of' V<>lta;~ t.,ppli,ed ~ :th~. grid ~t tlle tie-Kt ~tthe-t9'r 
. . . - .···:'" •. . . ·.. . . . • . :.- ·.·-. • • - • ' ··. - :'· .,_ . ! ... ··· .. :·. 

- ' 

-,, ~.:;~14 .1,··the. $~:Pi Villl.~ge on the ·,na,ot 'n4rt los· ia th~. ~1.-1;w;.te.g• 



.·.-~ . · ... 

. . . th• teed~-~}i factor ;t6 $ 1s. detel'mined by the : r~lati~shtp; 

~er~ I.to ts -~~~>,to,r:resi$~01:. in.· th~ tfl>edi~aok ~ireuit i.~~1u~~$ ··the Ettt!ct;·.· 

. iW ~e4li$~0~: :ff~ •. tJa~ -eath~d& of iff- .. to. gr''.O~c,i· mideY Ope;rathig Cml~W,_o~.:: . · •.. 

~t~ bt ~ .f'"$~d~r.ok:_~~~()l;irJ..& ~pAci.ti>t. ~d tt ·i~· ~e re.ti~ of: ~; eti~o.tiv~ ~~: · 

1;list~ilUltl ~~-o~~ ;~~ ~f \!12 ·:w.· groun« to ~~ total efte~tf;ye ~es·!s~<J~

... :.teeu)a~k eit-c:tl!%;<:)t '<,an be'$~ iillat; j;f the .,11t1~~-tl~ o2- ff2 _1lla<fita 

'bi·~~. t~.· %:~- :th-.: ~· v~l tt\ge 4ppll~ -.~···.• t~e g~id. ot n'i& 1tUl ~~'.pr~o~~i®~ . 

·'Id~·.· 

. · It. is ev14elliz bom: ·i~•~ ~q~ti·Oll$;. tht1t, U th~ impta~n~ "t \ihe. teedba•k. etrcui:t .·· 

. ~ ~~ pri~r~i~..i~ ~. ~~ ~t tb~ :eoupli~~ ob'eu~ti;;; e~ensatloit_·:t~ the eoa~. 

:~~~~;::~:::-~rr.~~ .... ······. ·.· 
the ~t~~S. cin~it OO~tUltl~inJ ~~l1fi~. ·~~· d.a;ignad·tor •. :sole p.-~ 

.. /'. 



ii.~ber o:£; s 0b!'!:(t;e1Z )'!~s not ean$idel·ed pra.e,ti(;~l 

tilil v~ry lovf :bllput ... c:i:i:•~uit imped~noe that wQculd ~Ejsu.lt ,i!1ffl f'e~Q..baol;:: 

eon~ideratii:}n waa suppo1·t~d ·by ·i,ltc ·:ta~rt. 

' . 

comfiet:ti~t~ t))r ~~he dJ.t"t'e:rentH:rS i:ri the ~1*tel'.U~ oiX'"o11it Qws~:i:rt.s ~ 

. . . 

wliis i~ound n~Q~l)aa.ry t.;> e~ploy . two· ea'tltt"lde followerG in, cas.oatie .m order 

Q(!tpcaitov ilould bw ut1,ed. tt> ·-vary .the 9ompens~tion as shown in· .f:lg,·tu:·e 4.. lfith a 

:d.t:i.~le o~th.od.e rallower in the f'eoa,baok o:i.rcu:it tlie iain cf the ~~tl.~od.& .t'ol.!ow~r . 



, :\\if$ ~t: tlw rirdiet ~ 0 ~4 ~ · '.fpi$. -~~ ·tti~~U.y au, to . it:~ l()a' ·e.t:t~i.i~ . t~4 1• .. · . 

. pedmo~~-- ~-·.a~d. ~:th~:- fr~l.lower lil'a$ ,desigt16-d·. ~- MV~ an o~t~t' ~-~lice· •... · .•. >· 
O,f the Gl°'e~i". ~f <tOQ Ohms., · · t11is ~-: effa~:004 by tlte U$.8 Gt' tl\6 t'WO $~Cti~ns _tXf' ... 

' . ' . . ~ 

~. ·iJ6' ~mm-ct~d/~11 .. J*-Tall·el. •. J)J;reot, C~!)'U,ni n-s·· •.us~d 'betw"i ,ta~ .• ' ~~e foll~~: 

ert1 .an4 b·$t~- tih~ l~iit' ®th0d$ foll.ow:r e-.m:f iih~ c&tho4~ of the tube ftt'o 

·a1a.s fw,:i~i. ·i~'.-~~ttti!i~d fF9m.a··~~ ® -~hct,l~ad ~-1,t_w:·0:t•··~··.·-s~ond }_.· 

···. oath~~ c,~u:~~;~}-:: 1:i~~ found. ~~eees~ 11ti~~l~:~ 'wav•'t4l~1siltg~ tf) deeottpl•,~he> 
.·\.'·~-.. / ... :::. 

~ti11~ r-trt#;~;'/~hi ,c,~.oa;thQd~-t~,~QW!l.d v(?i:~g~;q: hotn.·eatnodo: t9ll.~~~ii ~~·./,:,_/·· ·· 
,./:··,'().,:·.: •. : ·.:.. .. . .. , 

· ptWP,(l•el1f ·-.4~''h,lt!1;;:a~·~1: t;ne Q'4~~t vol~~& ~t-~,. M1pltfiw w<>:~ld n•t &e"'' 

limte~. to: a,'.1~~:-,~~1'lr.f()~~tt ot the (}6lth~d~follow~n~ .. · 

, llu.e ·to_ ~f.t faC;t. iJ~t · .~~· cath~f* OVVfflt ot _1f'f4. is $W.\l,). · in.· ~Gmparj.B;QA to 

th8 ~W,"l"'~tidi'~~. :»y, the ~-cOJl,d, $\\h,Qd@ f'ylle>Wel"'~ ff.~ iJJ· t>~~t:ed, e~illea:t.i~'.tl,y : . 

'Id.th t1~t1· :l)tfi$;~ · : ~er:. t11is · ~e-~e~n · -~ . grid l~k r~s1.1tor ~r ·. Yi'' W&;tt. li~tGa t~ . 

·•~ ~~ ~:-~~~oil .F~~id~ ·bl .the. t-~~t ~ir:~~it of:.~.· V(lltu_g5· 

~»;ttlti!t",... 

Jl OU:~'1~ S~§Oi . 

_!·,cathr,>11.li· follo~r 1l'$.8 uae-d m .tbGc output: $\age pt':ine1pall,y bQott.use of it$ .•. ·. •· 
.. . - - - . ,..-. . . . . - . -

iuhuren:t. low:'· qut~~i i~e~~e .. · •·!this: eJM\ra~tll71~tio. ltt ~~oetl"-17. if it ,ts ·de;.·· 
. ·. . .. _ .· -·- - . ·. . . : . . . .. . . . 

·.· . . . ' .. · 

fr®l the ~1u·ter~ 
. - ' - .. · 

. l{, !t;l&~ Citq.ui,~ .··. 

·lth~ ~k<il.lth j'$~d _to ~igger the ~:lP of ~h& _Ddm:tt• flp$ ttro ctltlio~.;;l"&J 

Q4cill0,4s~~ ,r>b~j,~s. '1w a;t~ £r• tb§.t output o-f ~'e voltn.g•'~,-~~- it{~-··.·. 

old\~,.;,~~!)~ ~pl:ifi@ts aa, $hGvm'.~ i'igut-e s •. Smee lt 1fff 4t•i.T'ttd .. ·to ~b-

:tab r•cr~ ·()f'•f,.tic& which e-~wti eitil$l" lit. a po~i~1v• Qr u~tlve di~etl~io.11;1. < 



- ;~ ta~~r .. ~4 '~ct1r'1er. t'We used. as. ·tJ}1()tm in,.· ~pre lj!I,• eo ••• ~· -pr~e ·. · 

.. ·• -'ftl~ of .,f~1t..r1t,. '!'SgQrdl:es,a of tit& i)alanty or the · sr~ric.. th~ Cutt.put 

···~· ~:e~ ~se.~~~er~ .. t••11ll,$d·to: phaue inver~:r~ 1~'·$.pp11-tt: w th• 

·~•~·~:ta: W,.5 :~al •d.i.o~~ . !.htit rectit:l ... outptrt r>t th• ti~$ ie c9up.ltid to 

.· .. •thtt ~JU\ ot ·~ tlAQj ~olugs· ~11r1~~~ ·'- outP\it at. ·th• v~~ge qpi.ttter: .is; ·.· 
... ~ qplied 1;o:~,;~~ti-ol··gid f>t a··&AU$ .. bl.,a~~g -,1u1er ... ~~looking 

.. ·~ 

~litter s~~tte('io ~.~t the: p&t&lltit. oi. the 'sipl dur~, ·~ .. ~iu the. ,i.f10, ·.·· 
~ve.tom 1• .~·~' pb:o'l;ogN.phed al4d tluit.·,per\pci:' of: _t:1- ;requirttd to ·~~ee ~: j .. 

. n1m•·1a •• ·. e~•~·~ ·.· ·· · 
.. JiS .. a~~:\1n ~i:g~~. $- ,.the PithP4- o# the ~l.P'Clt~$ ampU •. tler .· ~be ,:ff:ii. ~· •. · .~ ·.· 

.··. •tho4e ro'i~'h~ .~: 00~ with ~Q :ll0~.,11; 11oa:..;~-uluotag ttu~~- ffi&~ ot ta• 

· · ~·atablat ·~*1.tiill>ra~r.. !Ju.e to tho ~it$ applied to tile ,grid of ftl3/ the' > 
.. ·.· 

, D~ oa:tlt~· ~~~ff$~t' ~~17· oon&,mtQ tt~t ··~~· ~(m.t, er· the h).ocJd.ag ~-- · .. 

· · :u.f'iftr~ . Ho~-.~ it: the bl~ -p-liti~r- ha.a ~t1c1•t (.ilJ.t~ ~ ~-e ~, ... 
~tJ$~bl• .ati~b~~ .·i»· Q~-. :V'tur.vn.1l·b3 ·cut off lMCitue~· ttt ... Mgh •.·· ·.· 
•un-Gaii· ttec~g·.~s;a$1. bf·.,,1s .. ··1ne,. st1.ppruao.i-' tVid .. ot ·th• .·a&ne i~ emmetirb~i ·.~ •. ·.,_·.· . 

. ~Ulld tns<t~d Qi •• '.oe,t!).ode (ft) •• ·~ •f'ur'tnel" inel'"~&fl ·~ blQekiai $;0~1- '°' ..... . 
·the- °'1roui.t.. .. : · 

· ..• ~!l· ~~~n iii>i~~~ ~ .. -tht; $lm0S~b-le m\tl,~~~f«'tol": ~lOY:$ WO MGi1.$'t. i.:. 

fflS_. •nd Vfl'4,r ,ftttfi Vtl4 conduoting fUJ« ifl.~ ~ut oft. 'bf th• b,las ·-~ltag" ~>,. 
· •m~f fr• P1; :t!-12 ,wtl.l operu~s aa_ a TI>ltag• ~~:U.-ti•r ~ · When a sigaftl 1,s 

• •• ' • • f ,. .- • - • \ • • • • • • • ' ' '. • • 

. receive4 th1ii':c¥~ol~1d ·ot nisi1:s.~d1:1nn.\,in:;::t4,7poJ1~:,~~:~tilr¢1e_tlon.1t:·~ .. ,.,,~·: 

••tpl ·is. flt .a~ri~~~t ampli 't.,tade,.. "l,J 1':i'.il b~g~}. ,to: d~~~~~, ~ti ~e· ~-=tt~~i ·. 
: ~ . ·., ._. ..-

. ":-: .. ~ ~ . . . . .... =~: :: 1tztr::::-~ ::;t,A:. :1:!:: :::::: ,·. · 
itlv& dit~tl~:ti . .; 'tia~ tfli.B OO~W"S 1 tn-e.· vol•PJ Oil ilh.@ :ea:t,h(>t\~ Of' fflJ ta in:,;.. 

jw~ase.d, aad &tl ft· result .~Et :plate e~rat ct. ffl.2·will " cut ott~ ·'fhli;_ aotiO?t; 

. ~d$ t;o ~~ inC1"$fa.S$' th~ VJtltage applietf to: t:tie. <>Ont'r~l· gr-id ;().t: n11. · Afl 
• • • ••• ' _. - • I ' , • • • ' • - • 



16. 

the·~~~g>~~~eat ·~~ c26 an4 C36 dear~1.$&a.~ ·imQ .. con.trol t~i~ ~i: ffli will t•rl 
.·,tt>. b$ct>ae lD.Ors ~~tivt" When the pla.te current ~. 'ffl$ begin• .·te. d~OJ,"4'$Sfl the . . ·,· .... •. . . .. . . . . •,• . .. .- .. 

••. <,qati-.ii gri.f. fjf: ~14 la driven a ~.· ,~a\tiv-e direotion~ thus ~lit.ting a\ ii$7rfi' 

ae~~1"1• .vo~tag~·:,1;0· .. b$••·app:U.eti •to the;·qont~t1l ~id of·ffl3 tnrr1ug}A<a25 a11d.Cu; .. ·. 
... . ' . . .· •, ,· -

P · ~!,r!A,ar .~6ii~i:St1f f?r .· the . Svree.J,? ot · the·. C& thode-~g · ()~C)illO£!~·· .. 

' ' '~ at-tf~n\iiw~i;p ,:c,reuit of the ·~-t '.~& .2.i(} eatbode .. ril7 03olllop~ l$'' 

oona_.ucted:.:'tn'.·,~~~)i ~er th~t the aweep-, a· i.X!itiA-te« t,;y oithe:ra pou1ti~& •. 

'·or·n~Ipti\"e'.~l~,;e.·a,,1s.ad ttl ·the eH$rli~l ·$~Chr<>ailifltion· .. 5Jtput·t.e~~ls.,, '. 

~equ~t~i ~,:.~.!~r11 pills~ .lay n deri,r~~:hom ~ith.61/ t~. ,1aw tr ntlll~· •. 

~ ftll. or wli!{Y~, ?~lae 1~ •lfl<&y.eu; ~·. trJ.ger w -~botroa WM ~d: th~F: .· 
.· •.. , . 

dir•i)llt:m :bl!(liee;iit,'ri .o~tho.de~my tube in a,c!tU.tion to'· the· tn:gger.$:ng . of', ~e . drlv.en· .' ·•·· 

,· "I • 

A 6J4,,, V!ll l1t tttt•«· to enw$be 'Wie coil · 0:t a. i•lay· that/:h .turn. appliec11 UO · ~-# 66 @~cle8 ~.~,solenoid in• the oaliwrti tor mering 'th!iii>ttlm u.p ,one· fr• • 
. - . . . . . . . - ·. . 

. (f4\ch tm it 1$ uerglaed,. .As. lndica.tetl~i.1:igur• ·s"' ~e c&thode ot Yfl5 .·l4 

.· ·~toted tG the: •th'Odo of VfH: q(i 'the grid ot ffli b <ti.>mi~.e~ to ~e ~athode, >. 

· •t Vllj.. B~~Uy V!li _is eut ott d~ to th.e negati'lifl voltage .on it,.gid: "4th 

~Qspect to .it.a ~thode~ .· When ~~. monos1*ble.mult~vibrator @ptJrlti.t$1f,jt' ffli .Ul 
' -

begin ~ ett.,.gi&e th~ rela, ooU: and ope~ate the ·s~l~oid ~~ moves ~ eia. '. 
· Du• to the ~4~c~oe &f 'the ~~e,y QOil tmd inf»"ti& ot the illirlll.atui"~ it its. b$lieveit. 

. . . :,·: . - . . . 

.... 'b. suf't'io:!$nt ti. f.,r tke ·stt•ep ,1,: be c~l~ted. 1d,,ll t,lap~it bt;;t•o:r~ ~$ i£ilil , 

1& ae~ally -~~ •.. If. this ia llQt the ~g•• ... ~ gl"fftl~t" ~laa/ ~v. ·1,~ ob~!ned '.O, ·•• 

·. •impl.t ine~rt:tng .. a ,capao,1wr be~- th.~ grid and •e&tlwdtf of.'ftl6~ ···Xtt'th.1$ ~as~'. 
. ' : . ' . . . . .. ., . . .... 

·. -~· ad.di~.~1 tbi.e -~ult! be due to th,e: tl~ requil"~d for the, qap$;elto~ to ~~r~ · 
' 'f;o ~ueh - value ·.~~. t<i: ~ffilt ffli ·~ eqxu!~c~.. . !lbe .tt•• r~tµ.t-flfl w $fflergis•··th~ 

:r•lay in. this eaa~ wo-di $.lso lxi!' .incr•st?d~ BhotAld -i•, a4ditl~al, \19 ··be ..... > ' . . . . . . . . .. :· : ' 



-1-; . 

. the ~ffb~r Ri6 :tt:S s~c~· jo~:d in tiguN & • 

. ·. a · g~~~i,r... ilh'.~iu._t .. · -. 

·,,., 
:.-<: ..... :L.·/ 

. ··.; ;fil• ),lghit· ·~~o~ t~i"- illWl!nathti 'the ·.el.ook and .... t'.l~/r~ ft>.r .the' r®ordbg : 

.. · qf tb.9 tie tind .'o~~ pertment ~formation; .1a .fjc. · typo $$1,l ~trobi;)tr~. ·~Q'catea. ·· 

. !l•rr~ ·-'t~,,,~~ ;~atl:tl.1ogrt1ph.. .~· ~er· ls; &lljtt;)lied f~~ -~' lmr~~~ted; . 

····aid• o~ the ~i ,u~ply a~ iih01J!',ti m figure 1.·. -flte ®,.~00 ()•.r•.sis~WJri·~tiv,r:~.·: ·.• 

.,,1ie ,mmr.~~Wl'.}f.~4 febti .stre-trtm .(.d.ro1\tit te to:r·.t1ae pw-pas~ of 1$01attn; tae' 

. -~ · :oire\l_tta: ~A,:1bJjtiirtl$ ··the. vol'tag$ · a.crt>ffG the; str(slh6V.m te> ~,,rcximlitwlf .: 

: . ,30.Q VQlU 'f •. ·. rth~'.'.#~fc0~J t ~:tnm.gmneat for th~· str"ob1)A,ra is $lid.l~- ·to . thaic ~ ... :- ... 

... . a ,~•bc.~e~~~:::~¥~duit.~.17 

:t<- PowfJr S!!ePli:~!'. .. 
~ n.gul.~ted :,p~i-' $lli:ppU.~$ ;fir~ used iSO as to' re<blee iateraoti,on 'between -

the ti(r,Q-a,;i~•: .·· :&•·,hmfft in tig~e 6~ tho regulat,iug circuits :epl~y ~ V!UiO;. , 
' - . . ' ·\,. . ~ . - .. . . 

-~7 an,.d 6\-}iB~ . 'therctre~it J& ~e .00~ type ~id:eh ua.ea .~· JIU&C),·tQ; FQ~ide 

.• -.. :ref,erenee: jol;~ge,. th,e SAC? ae a dir~t· e9upl.ed ·•~liti•r ·~ th~ ll'6 as. the 
· ... · -.· ·. · . . . -.. . . .. 18 .. · . . . . - . ·. · - ··. •··· ...• ' .. · . ·. .•· .. 

:serie·•, c~e~~l~tbg tub&. The ea~eitor pl~ beotla" ... tnG. taV<muded 

tS~p~t t~nai~ti.l ~4 the 0-Qn~c-l gri4 of' .. $1 :i~ tor . the· pID."poiH.~: ~f &f'teotiv~ly· · 

· ,JLppl~. thf full -.l~~'hiri& lWl tti;ge ~mpon•t. of ··tne ~wer ~P.Pl7. ~~put ·~ .. 

. ·th~ in~t ot:'·~a :,mltij.ge t\~liti•r•, _ lt ha~ th~ ettfl~ ot ~$W~i .the: o~ttmi» 

·. mped~.ce fJif. -t.he' 1~~~to:r. ps.rtiQula;d~r $i.t; higher t~q~eie•~ . . ~~· r~Jisti:lr. 

·be:t'it~fm tbiif 'lt&:i. i;age (\ivi,d•r G.Ot'~Ot; the r•gula~Gd; ()~tput. ~Mi the: ()ffl~C:):. gr!d of · • 

. flACJ .. · ~t'~~~ ~1~, ~~t . W a l0Wl!W. t'r~q~n;::.. ~ia ~ter. ~a~ult ·frn-; all ,0£ ·•••· •... 

-. the -oeia'. ~~.~~~lawr~-.f/1,J.:'EJpow@re~ :tram-~- 6 .. ~ vql\win.dmg.~t •• !f -.·· .. •.··· 
~1 . . . . . . 

the Wb$ft»"m$l°~lt· ...... ~ c•ter ~p ot the ·win.ding -i~. COlllttAOted to ,thll\J ~~o4•· et·.-· 

- 1'1~ e .. ~uI:is.ttrdi' ft(la"°ua !ubei qd Applications", •Elec~roni~s. Vol. 1,.· 
(Maroh l.~46} ~ PP• lt.a-1iv ~ . . . . . . -

· : . - 11a .. -,. ReiPh.. 1hff!J: ~d !fpliQati~ ~f El•etro,, ;~bes· .. PP• 592-~94 •. 
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Im* :Of° tm4, vnso tu\l&ll, theteby allfflring th~ h~t&r<-~O,$.i;Mde ~ol~g$ tr·-~. 

C;-'ff:1':~: \ti; ~(f onlJ'.: lc5Q .. V();l\$i ~- the f:'$g;u}.1a;\e(I 13Utpu1; 'Ji<)J.tage j;$ 300 .voJ.it.e., · 'ftli.S 

. ·ar~--\:.<-.J.lovm··~··heat•r--... ea:~~de·.·111)1-ge of-.the .·.-sis_:'t0c.r..-m.-'nn~f' · 
' . . .. . " .. ' ·. 

idii# ... ~Uln-- :r.t;ftlg or'._1so ~lte. 
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.· : .. - . 

Ull/,-@4 to supply the .. i·equired potter ·to the ullit., 

~~ ta~~ Amp:U:,f'i~1:, -~~;,.._~om,p~sa·~~ ~mp1U?ic8t: t:01: .~~ Ant,e~ ... O!,i"cui t 

'?he Wlts'lie· iltmpli:f'ier and e.nt;ellllf.,. ClJ"O'ld.t C0.'l!\Fi111.~l?i.t,.ng amplifier ~1U:J f;!i~.,. 
c: . . . . . , . . 

wot1-ar liup1;,ly .. · · 10 p?'Qng Jon:e~ plug '~s mounted on the rmr~ ef t;he ohaa:si:s for 

Bt!ppl;.y-ing the t-equii"ed power to the vol tfige amplifia,r and $:t::tA,e:nrm..,,'oircuit oompe-u

~at-i:ti.g •Pl.ifier.. .1\ eonvm1tio:i:w.l llO volt; ree~sssd :male, plug ~nd--~ ee,»,l socket 
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2 Blook Di~gw:i,ra .o!' · the CoL1,pl~be Systexa., 

3 Sch~1~tic Diagi~aE. o:f the Jt.ntemt~ Cathode Follat,,,r.er .. 

Recorded"' 



••• : ·• .• ·. ·: •••• :·-; : ••.. ·- :· , • ·, ' .· ••• •. ·• ·_. .• ·.:. . • ·, .. ·_ ,0 •• 

· fa:e . frequm.oy resp.on~I· measnr~ta were •d~ W1 th. t.ke ac~fl of • i:ewlett 

Paobr«i Mo4•:l,;4()0A va~u\a tube· voltme.tel".anci a t~,dn bridg• o:$eillator/ ~ ,ut-. 

, ,p1.d; of Md.~1' C:G b.~ Wrl:ed fr"Oll t'W«.t.tf C1Cle:G per ~fbO.Qi'ld t.o. two ~ga~.:ff.Et& pe~, 

. S(fttOJld,{··· 

.·· Ai· 4n;t~ Oatlltt.i~f F()li~war ' 

··• ~e ~~,~~r:.~:¥P~n.se o~the ~t$tmtl ~'tho~ foll-Om1ir ~4\S touad to .. b& ~~~:;,.>. 

t~:.:: ~t~t:: ::~::::r~t~:7::t .::;-~r:~:· .. 
<1t 18-4 vol·~ W({if~/~-~~oy~d ... a red~9.tion ·kf.· h•yef.·vol:telg$. to 5.1. vol ts did it;t/: ,· -· 
·Che.ltge 1;b~. ~plf*~~~~~ ~O ally ~fi4i~bie degr,e~i~ ·By· changing th$· pla~ .s~ppli_ 

vol-~ge· tr~'.:i1-2}; 'i~~- volt•' :~~"ti,pl.iiti.c'1t'i:·QD), ehanged from. •pproxl-.tely :o.~51' 

==~~c 
J(t di.et~>rit1•.;~.~~··.thft c~-thode (o-llo":r Cj\)c~d.be <l~teo:ted on the :nua,at qa.,t.h• · 

· 04 ... ra;v tuud'.l1.9p~ph ~- thtf input vclta ge. t-.Q- :ino:rENtsed, ·to a,pl)?'ox~t,al;y, ll ~l\o :, -
. .:··· . _. ... ·=,··· 

l"OGi-. .... 19;tj~r.~. -1\fbls was th• ~x~um. <HAtput vol~g~ for itii« osolllirtor ~- · 

pl~1e-a. 

I · Vol tfte; !!flitier · 

. Jfit}i J_X __ fee4)~ck •.. , the t,-aqi.aeno:, l"6~pcms~ ot it~~' VO:l .. g-~ ~litiGI'." 'Ml$ 

t-0tmd tt) 'b~ mi$.fo~ ove-t" the ilntire trei"U$l;~y rang~·., ~ ve-ltage, gala of ·the, 
. . . ;_- ~ . .. . . . . . . . . .:: :_. '. ' . . , . . . . ' . ·-

.. ~liti~. **'MJW,4 ~- 'th• :~id ~t '~- ,-ff found, t~ :b@ ;11 .. eo ~ :'~l".J ,.~ ·~~ . ' 
,reJ.-,. wi~_lat ~~:ticeable di,stol"titJn ·wtis 0,~18 ,vol~~ 

W.tth th~ _h.te~~'ta· wiuti at t~ed;baic:k, th~ ~1.mu. voltage gam -~ tound 

·.~ ·~ 38 .. o .. , .. ffie ~ti;t~~i,ve ·f.requear,,y re~ee 1$ sho-1n:.r1,~~··11. ~r·~-~in.g '' 

-------·-' ' ' . 

. 19tall~y and ~l~n. l•o• $it .. · 
.... ·.·· ... ' .. ·~~ 

( : ~ . .- . . . 



eff&cti btiigan, ,~ ~ppear wh• ~- .. h\puii. v~lt&g*i was. Utlr•••d .to. ~" VQl ts~ · 

~ •xi• ~pl;if1Q~ti<m ~t ~ ,roltage W>Aplifitaf' witk mi-~· teed-ck 
··. ..·. - -.. · ... :,,r- ·. . ·. . . :._ . .· . - _;·_ :- . 

~d. llit~t t~·ed'c~: W~fii mtHl.&tireci to De· 24(.) a>.nd ~15 ~$ll1fll~tively .•.. 

h. e'n~~l ,,~i& ~~iiload •ra~aristieif at· the am.pUf'l•i- With teedk~kr,. 

the pQfat: il'ii{:;WA!~• Ji,.~1l~t-t.i.¢)n · beg~ t<:> .appear w:a-1& vm-y de.tini;;tely' def'iuea .. · -. . ·. ' ., _- .,.. . .-- . - . . . . . . 

'.·'.,la• ord,ij~ tl·~,~: l®ri(&eourate,·fi'.eqw.ine)':;"~$gQb,&e -~~«JttTO~ttl it was· 

t~,t --~~•fi tif apply a li:n-4l'wn ,Up'l.tt· "VOl:tag~~ ·<.ro~nect the oa\h~~r~ oacill~ ... 

gp.l)ll. ~. ~• ·~®.tf~ ~ia. et fft... cmd ,cbse.-v6, ·tli*'> · d~"lee,tion proiit1.ce.d. · '~e- : .· · 

.:::::.~~:::ei:::::JJ:t~:'.: ::~~~ ... · .. j. 
ju-~d -~ !)?'~:~~~~,:;~, :~· oscil.lo;~p~ dei"leotiifu .&~ &bserv:$d ;pr'W~~'~lyc • .. · Th~ .. 

:·-·:,-_,- :,.:,·' 

!"Et:#Ult. td; thu/~~tid._:fil"B t'H>nStll'vatiV~. 'beCW&Ui$> of. ~$ ~put eapaeri~ce ,Of ~6 

pro~. ~hie~.-$.~·.10: ~io~oml~i"of~rads •.. 

Q ~'~ Ci~~~li/;•.Compen•sa;thg.Am2l~fie.r 

· lo fN)j'itSnc;y.;,,re•pr-m$liJ.Wllta• fflW o;bi.ainJtd fo;r.]ae.·.cumpetU:J~t1~.-plifler tor O ·• 

the.-~ ciPO~i~ alone. 'Square •w ~$1;$ w~e rad~· 'li~wevw,_.: ot· i~ .eomplit'.t@ ; 

sip.al. ~JIS'ba .. ·. fhese tes~ inClUdilHl D.0S.$W:'~ts fol' freqaeneies '.a3 io•. lli.s . 

~-.t)I' eyelea pe); S!OOndA , ·~ tQ the0 •latg&~ fflOOW.t flt .·60·· 4)'0~6 mt~:t6i~~)l<J~ pi~k,-. ··· 

l).p on 'bk~. ¥t of • Nl't~i'l- ·cathode-. :toll~r~ and· ,tbiti ~ -p~ti.o'w.~rq ·tnte···· 

~~v~r a ~~111~.-aJ:t1• eorr~:u1on wa~:u~sa-·r," th• aajwity: ot\tb4 $(!µff~ 
. . ·: ' 'r·.- . . 

·-v~ ~st.a w~i-§''.:s;mulated ~ a,pplyi-ng.· £4; aq.~$ }i,'t!f~e to thia ~pit\i ot ~ ·~ltag~ : , .. 
. . . . -~ . . . . . . . . . .. . . . .. . . 

ampl$.fif:tr thro~gJlia aa;l.1 ,.apcitor 111. • Wavetonis oi~ the input ,r~H.~~ •4 \he 
_- .· .. , .. , '.' _ ......... :. . . ·.· - .. - . . . ·. . .. . . . . -·· 

o~~~lltM :oirtp~t vt>l'ta~e:.-... I"~ $h\'JWU, 'a tig~e- 14 w a1:;t in~i~~i,v~- '~l W:aft• 

f~~ tlf~Wli ~ff ~- jr~~t&l i'rt;quucy. of -tmenty e~i~a: g_.: ~~~-
l'iFti) 14 , •. a P~cftograph of t~ outpllt -Of the '~quaye Q.ff 1•iu·a~i· ~s i~ ..•. 

.. . . . . ·-

i.s. pro~~ ~~·.t;h$- oscill<l~aph~ . 

. . . . .. 

ffl\1t~fona .~t fig.ure 14 l,s app+ied tQ -the :Mlt>lifier i;hrQugh a 0.03-1~-1,"otal!&d 



capacitor~ .. ·.~ t~e ~~atnnt ot tbe input circuit-~· 0~00924/~e~(fflde • 

. MgQl"@ -~~ • t~ ~~ .~,empen~at.$d oui1,ut ft;!". th-e input. V'o;tag- '7>f: ftg~:s. l5.. . 

fi~~ai'1·1 'e.~d l~' denwu11u"g.t~ thjl,· eff!ot tjf': over and· und~r ~p~euati('Jwh 

~ ::~mfll O()fl~~ ff'~~·: input eirc~it ~n ~djJi.tltet! ~o as to prodtt@ :the ~sj; · 

· f:~title;n;\~t~~\~ o~~~lt elo~ed .. · Figur~s l't ·s;nij. 18 •er~ ~ll~in•d. wiJm. ca ·. 

tbi~£~.ur~~ .~l··6ii~~~i:h t:io~ed r&s~~e1;1~,ii .. ' . 
·:~·'·\·:: ... ,~: .. ~:'~.· . .:·:. . {' ~ ·. ' ..... . 

. ,1,urf 1~ J~·'t11i{:~~t~*' l\~lifief aput ~l't ~b,. inttd by apply-_, the tw~~i:· 
:: ::<. -\:,·:·'.(:· . '· 

~ycle ir~r"• .ctiawr tlir(iu~n a ,.01 · me.t;>o_i\'iro.~. ~itOt\~:~r. 

·.··:r~ifl!E:21:lii?:E3S1il··. 
~s ·1s. 4u• i~, ~~ 'btp~t . e~pi~itanc~ · of' the . ~'itho~e f'ollr.mer ,Vteo 

· ~gji~,,;il,. ~i( ob~in~ by s.p~l;yblg a !HJua;~ .~'" to .tlw iaput ~~ the ~J~g~ 
~;if1.•t: :W!iim -~ ~~u,;t:ed l'Ol" the. ~$;$.e Cb?l!pffl.SS.~1~ re:quil"~d f:r.;r 9.i1 i.npllt a;i, •.. 

eve•·•~ figure .~9 •... 

It -~~ Jtoun~. :pt)s~lhle ·to.· emr,pen&&~(i) f'w. ftr+y ti$ cons~t t"rffl.!l 9.Q09f&4 :to .... · 

o .0-122 -~e~miill l'>~ .~a ot the 50 ido~o~orofAr~d vrtri~hl~ -.pC.itQr. . '.f•nt~ wer~ · · .· · 

also •d~ b}r'a..pplying ~ 20 fl.yela *fi•re. i,W.Ye i"O the a.a~ -~eitn«l• .f~llo!ier ·bi-i'. 

r::7.:i::::::::::::·::·~Th~T:::Z:::7.::.· ... 
lU!i<tr · input thr<tugh -~ ·. ¢031 mic'f.qf&,ra.d ()~ ~e.i:tor. · · 

. . ~ ' -. ' . . - ' - . 

·.··. Ji'Qf -~ny g;\~f!n i&p-ee Qf: ~equlf.~4 coqu.1ms~tio1$ Qf too ~p~t o:i.:roul~ .Et. out
~,it vol t;i~- Wl~ti,:.f~d tp b.e . ituk,pe11d~t Q( th~ • ~iq,u•/1):i: ;ot" . ~. ·~,~;r~ wav~ in~ •. 

:~ttt,, A11·•.~qu~re •~:'t~~~, .. wttrtt.:pe:rt9r~ wi..ttr ~-· f~f.Jdb$01' ~tJ'\~1,·•~·~ ~1- · 

.. tegEJ amp.lif1er a~t t'Qii mi:nimum vo.l~ge, giU:n .. · 
. . .· . . ·• 

» '!'r!if;er·CirQ)Jit 

. ~. ~-t$.nit the tr.it~~ euew.t 4 ~-~r e,;ycl~ · 8qu~· if&~ •·s '.appiietf. ~ 
,~ 1-iti;•r ·~i:rc~it mputlt tb.i-,ougb a 1101 merotare.'d ~pae1tql'., ·:~ !mpµ~·.of ~e ·. 



. . 
. ·. , " 

~plif'l(fr' ot the oscilloi;r.•1itph was connected ·to_ the gr-id bf' \~.. ~'$;\tb, 

Also the v1ril;i:ng rat~ d1.tr-htg the r,itburn swee:w 

\lie li.tl~l &W~ep .. 

-------·""·""" . . . . 
2~AJ.laEA B~ n~~nt. !..aboratorie~ ~ :U1c .. • Operatin.1 !!la M~in:t\i!.;tnane, ~>tanuaJ~, 

~pe 260. 'l'ype 260:H Ce.tbode-~J.,V Oso:tllegr-aph,.. . . · , · · · · · · 



Figure 8 Complete Electronic Apparatus for the Study of Sferic Waveforms. 
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Figure 9 Top View of Voltage Amplifier and Antenna Circuit Compensating Amplifier Chassis. 

CA 
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Figure 10 Bottom View of Voltage .Amplifier, Antenna Circuit Compensating Amplifier and the Antenna 
Cathode Follower. 
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Figure 12 Bottom View of Trigger Circuit and Power Supply Cha$sis. 
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Figura 14 

Figure 15 
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Figure 16 

Figure 17 
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Figure 18 

Figure 19 
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Figure 20 



iqttJ..·p~t r •. oef:tti····.on 
,,._-qo•11!~· 

Due ·to. the f~ot tha':b t.ha tlompleted equipment,; ".rill as~plity all :reofd:ved 

oyQles t0: rttdio l'req~ency r~nfj;e$ it :hi bel1$ved . 

able ~~t o.t ~~;itfir,;11oe.. 'fhu is pa.:r1ti;~ul~~.ly true tor e~ses in whiell Q."eric$ 

diistano~ fro~ the IMl~nnJ..., l'C is ret;J•@l1!lded tnffe,;1; the sit~ · 

GQ.Uipntt}llt 00 ch~s~ vrith this lbidta:bit>U m !dad . ., 

too gr.~t.ft>r proper Oifei"El'tiOi/l#. it is rso.;. 

· cy¢ler balancing $jfstem oe vt,d~ A 60. oyel(!) tilter i,lli l).ot 
Jc • • ' 

recomwJD.ded bao-flr.i1se it ,would de~troy tho tinif'orm ov·e~all t'reqtJ.ene:y 1:-ei,;pQnse of' 

th~ syiroom.,. . · Brotu.ieaat in"t.~rferenoe would . probablf be be~t remo'v·ed by thll.l in, ... 
. ' 

· C<.>rp@ra~i't>n of i1l. po,r~llel>··lJiJ or brJ.d.ied.:f uet'«ork itt the ~mplifier.. It i.s 110-b · be..: 
. ' 

lieved t:¥>..air ~j,s w~uld impair the q.m.lity ot th~ 1~ecO'~ded waveform beao;use fre-

q;;u:e:ncy eo:mpo:n~t8 i~ this rMge will not be Ei.?npliti~d lllp,t>r(;!O~bly PY th• •va

f()n,t ~s<.lillngraph tst~pliti~a..... Aleo it is to 'be ll1Yt.ed th.at l,11~ l:d,gh .f1~equfil.cy 

- - . _. . 

' ' 

St.ca -th~ ;:rld-to-qa.tttode r'$.siatianee ef the ti:.,1;,ti;;en:nrt tttithod~ fe,ll~r multi- ·· 

' . . -
' ' ' 

ta.ctor i.f the bl.sula.to:r io11Qu,n.i.1ng. is il'Otiueoted · to · tbe output of t.htl etJithode tel.low"' 

er. :rhb may 'be ~a:1,1, <Xotl;e ~inoe ·~. oa'tliode fo].;lQ'"';'fel" houai.lli is ~t ca.r;hode 
. ' 

potential.. ..1:\ l~, r1~ blocking. oondenser is rflHJu;i.:red betwe@n th• ea~odE.t t<>llt;>wei' 

~id the input.:<>t the l;'tmpli:t:ier bect1"use of the.volt.a~ on ~h0 outpu.t·tif · · 

• e~t!'i.ode f'o.l.lQlier.. In {)rd.er to kt1iiep preeipi.tation f'rt>tia thee roitenn.~ i,nsul~t.Qr i 



De,t,~t·1&1:i...'4!!!,M.o:n, and Com'l;,~:i.!\~tion 'i:or Alltarina Cil!'cu1t, CmlJllta:o.t~ 
~~~-.. -. ta.o<1:~~,.-»~~~"""*IYl!~l'I ·er_..,.-...,._~-~~~-

C 



. ll·•·· tv;eal~·. 'fre •. q.:v. ~eszoa~ -veaent ,,11Jhni,n~r v~~~,~ i!iJtli~i.er ·~~·.······ 
.. SeD!!J.«t .~ · 

.· .. J~ •7be·t~d:~·ccu1a~ ~o blJrove'the ll)w :fr~quenoy l"&lp~se, ot the·· .. 

volta~1i: · ~l~t1¥tJt o~ th~ .aigber gain settings of'. the teei•c:t<: titOD.wol. · 'fbia ca · · 

. ))e .&.48"*P,l.iab~'4.~•t eaeil;t by tilfl use of ~e pl'oper iisQ. oapt.t>ito~s i:A tk~ ~~: 

·k~k rirem.t., -~' :f#~~~4sly bidt•ted 1n thf ~~.!tion ~- deid.p-t · 

•! Af~~m:::::2:-:J~~ lU~ aue ... j to to®S ~ 
;'',,c.:\·,,:: .. :.f·.: _·;_ ... ;."{,_>···· 

, . ,'-···' . ··-· 1' ·.··' ..• ; .... \_:·.· 

· :!~~~~ ... ::::.:~~7:z:::::~1::;t.j:f;X.· 
·~·~·~1~1.~~I:/.j,ti~-.~tal·~l~~ ·Sl\.oul4·~·~1~-« S() ·a· t~.·~ttke··-un\J/;;;,··: ,.: 

,;;:~;1~~:=~-:,;::::::;ot~:r~u~:.:::;~, 
'eq~p~f~,:~ ~tk~r peir1dn$n1; ua\a CM.be reQ'or'iei. •Jlte eaecn>al~t.ild .~$: .. , ·. ,.· 

~-.,.,~o.···.tnat.th~t~e14.~11 co")l' ~11 hl£t>:vsat1<n1.~·w•?@e~~ .• · ····,.;.···. 
·· ~~~'.de~~~tb~{{.:e/bnve 1$ dhOifu in figure, T. ·, ... ,,ri~· ~~· '~"~~ 'Wi~l, ~~np ·~. Qpm1. ~tng·o~~i'1r.t •. a tth~!iti ~a··.~ .•. , 

. Q-J~e\e(.l t/0 ifl"~~~ the: '.t,,-- ,e,f · :th1if • ¢~ -tl-~ -~-l );i;,gai) ~ttr'G~lt~ : ·~.· ·. 

·4nl•~.!··~1.d:~~'..,rili:e.o* tli!.¢i~ra··l••··.~ma tbs fl<twtt~iron· ... th!•t;. 1• u•~a ti,•·.··· 
· Ul~ft~ •• ~la~k ~d ~· i~o~i:1~ 'cud~: .. · 

. '$ :~~~ ~f :~ ·~~ .. t ,tb.•i .. 

~;:~ri~ -'.tit· ~b~!tt ·t11ti· :couple'~@ ~~t#lrm1/·:a :~el•Y· lia~ pi«~cd .·~--.- ·~··.· 



. '. . . .· . . 

!~e '118.l.ue: '*f -~~· dfJ1~ · r~(Ji.lired ·d~enda: Oft: the ~:m\O"t ti1$ r~quir~.fl tor the. 
tJ'i~ ~b'o~,d.Jti -~ th• :~l'Nn swe•p 9£ .th.<CiAthode-ray.a,ollio_gtafh to :~P*lrA;t$ ••. 

. r.-;a,'.l.i.aes'*1eaiped tor a i,ielaJ.:Of o.6 deNHHi~O!idJJ.:pcr··f<X»t·ia .-n~fl.etured· 
- . . . .. s . . . . . 

'.· ::' . ·., ... : . . . . . . · ' .. ·. · ·. · ·.·22 
·lq:-• •evei'ai ~pania& at· a _caoqt et appro:.id:-.t•l;y 11.00 per t'~"t • . 

-.~. 
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.&t the pi,is._i1t. ti-. it. Ur oooi~:mplat&d to investigate ~u- tf@rld l'lith ~ . · 

·. ar>~ ~ !~l-:f'Y~~ ·t¥ r~•ults ()f pt'ftlli<>"'s tornado .ress~r~h;.,. tt ti\ia .if· ae·o~:. 

tJ¥a~~.;, '· ~~~~~ ~f~~g syatem DAf btf de'rl.sed to ~iv$ al1tfiei.Gt -..nillg~ .· ~· 
·'·· ,··-.<~~- .... >_;. 

; ave ~ 'liies \~~uih:,y~~ •. · . ~ -.. 

,. ~;#,ij;::Jij1!~~j:, n~ ~lnitfle~i.J~~\or ·Mr. 'fhe•s·a ... f}tQD\$Q1i.ttilf }'.•:'. 

>able t• •'114 b' re~tim4 to ob~~ the: ~fn~tiJ)tc desi~ed... ti 1-. a1:~<> o~ • , .. 

- vi,ous ~· ~J-"tii~EJ~~on bi41•~8 <~1.~, Mve .tQi be 'fflrY ac,.enr-.teir ti;m~. i~ · 

· de?"i4'. ·lr>a :~i:~1*~:--~iN~t.loll~· ~r:~ J,r~in,111. .. , .. · . It~.· direotlt>U indie,1~· ~· •..•. 
-·,4:··-:·: 

~Ot UQ .. Atcil~ ~r~~~~- fal~S :ind,J4ed;i,=1' W:1:ll 1"~SUlt~ lfh• ~ lGc.pio~ ot : 

a.._.i'-erie· 4u,·tp,~ to,~&) eii.n b.e, euieurately lo~atc,4,~ f'~du, ~-· -~- -~ ••d to . 

. fQ,ll<JW lit' a, it:~oc>eeia' al•; 1ts path.. ~owevin-, ti 1$ i>bvto,,, that -tn,;' en~i,t"e 

•, !&~~Oil -~~ oprr•~~f~, _•p,r~QJa· W$t; 'be acieamp+J,ShGi in ,a· VtU""t ahor\ t~e i~---· . 

. th• ,.,fJults .. V,4 _U,O bi w: •r ,.~ -qalu~ •... 

. ··,~ tevi.~.:,.f,.~ ii~~l~g ._tn ••.. dife-4tt1<m. WithOU-t tl$. ~i}S'ffi.,t; _180, ·ae~s, ~ . 

· ~lti~· tUttl~ ~~•~ ~~vi;• fer the ~ete~e.tl<>n ~t ~e dl•tQ• •·• ~ ~ffl(tijti 

~u).4·~: V~ be:~~~l,:fot _th~ npj.d. deter~~- f.lf 'tliG l~~!on •d subseg}t(tnio 
r.. -

p~·:·· 
. . . 

-~ ••.,, :o~i#t• of .~i··:ttuthff'.it i& be11~v~if ~ the: 100 >4~~ ... :~big~t~ -

.. :of tl. ~~~,i~p ~~~~~~ inQi,eii~Gr,·~ b~, -·ol,'vi~tl,d'by '·•p10)~~g 1\~.-iu~~~ 



' eineoaa· G.irec~on ;~bid~' *oae t'e~~J,vtug ~tt~I-ll · is t)t the ~~01~·: 'tlP••: ·.~~.' 

~¥ ~ :.~M9litJ~f!fd :.- ro-tillg the ~~ 1Jt · the •Hicoud .tirettiou till~ ·so 

fl\$'., ·to· Ji$-~e · ;t.ite· .~:~l ·<!fr :tu l"eQeived. ,pattern· ffrs;t ·itt· one .. d1~ectt• 'in4toate4 · ..• 

'aaii.: th~-<., t!'~~:~ ': ·~ <kmoting,the di.rec~~ ·tro&iai~ ..... ~eS.ftd -ipal. is ' 

~1~~~:wh~;::~_: ~~n~do ·,si'ffrieia ·r.eo(l11V.ed~ the ··1ao degr~· am.in:giil.Q'.···~. · l'~...t~···· 
·~~"·1mi~ pro"~~ir·~1,.al45tt ·~--~ ~lu&'ole·.t1-.. ~-I ffl.Otht!tf ~Q. h' to ll.ppl7 the &a.plai' ;f<()Jl on.- l,:OOJ to the, mpt of'• . 

' : ·.·. ·····, - ' :· .. }}. ? } ·, .··. ' ' '' -_ ' '.·. :."'.< ' '.. ·.··. ,· '·' · .. · .. -.·.·.' :, ': .. ,-·· >/-' ,. ; 
~. ~tl~.,ipli.ra,i;. It' the pba~e: of ·tlte. Loop '10ltt\ge appl.1•4 ~ the- ~o- .~ -. - -.· -

- .'- . . . - . 

?"tlt>liii:Wl' titt~~t,),,.·.: .. :0.::-,.·._::~~~it~,. ·Qi(~ ~~tiOlt tilil~: :~tll give -~ ouqjut<.~·:', •. ' 
.; ! ""·· ,· • ~ . 

-t~ ;other i~;~-.~~~1': -p~o1tided ~t\• .the: pllm• ~f. '. .... lo~ is iA th~ ib$C)t;~ :;.,~·'.;/· · 

· of• ·.\A~··· ~~c~~,i~~~~(:'••xt •ul.d ~1~0· be' deai~hle .to tri-~, -~ .. i)µ~ut~:·~or: :~it::\ 
···:._, •.· ' .. 

dlmtimi. t#der at t.Jle aau time tho sferio nvetora osoill~~ph-. ie; trtgwe,i. ' 
, • ' I ' 

'lke, F~~1~ :1rtvo~~ ~ th.ti .~t~a~t,,i>•\~~ ·~ ~fitanc-· to a $ter.t.c ·t• ~

·1mp<n"~t «¢~:·~~:~~dbe, tlle GUbjtJCt et··aJt~~1~$1'(Hi~ •• ·. };·eat1$~ewfi· .· .. ·· 

. flGclutio.u.· t~.·· th.~·. prilibl:~ w1.ll alao eonstitut+1 , the $01.U• 1m 't4e :,r:cl>l• ot ,; 

to~® traeking;.; · · · 

-·Jr .... ,. ~taii ~.t.a,~s. •ta eaae· o.t ·a; doable~ ~~ua,., ~ ·•lHtr~ta'Cie 1n-· 

'tuo:t.ioit; t:ield.-~~s.. iFtlftt:r~1~:uy, $tronger. ,t)ia · the •gne·tie ··mduo~o• •. ~teld 

«.. 9¥1$ ~0•$·.-ct01~ ~ the b~.. ~1th ~- lo"~:.·:~ ~tW•~~ ia -~- cu~.tt11 ·.·•• · 

PrQ.1'4 \hit ~Se~~'tioll, (Jae WQ~· b~ l.ed ·~ be.1$.w• ~t ·~- "'~o ·!Se th• vol•~ 

~d~~_i,ni,pa;fioti~let~~ t~'the vol~ge_iudue~ isl•• toop.~~na-tivea 

-~~ ·~'-4: ~pen¢ ~prm. -~ dl~:~ 'thEt ~~m*e& 1$ ·t~• tl"l aii~. If tlt~, . 

-:ta 'tltUiiJ'j; 1,.;ih~~~ b• :pt1ssibl• ~~ ~'.\r-,lof & rQCldi.Ver ~t~i1a1i_111il-.~'th14. i~t~:~,. > 
~,ithfi ,rc,alllt tnterpr~~ ~ •~ tUA~a~ to the att•rto- di*~~--••, 



41.·.· . 

. . ~ J•~1':l_l ~'.tffltt$~cm ~t '.•~· ~1.•i• qipli~i~ 1~ ~$ideraply. le••: 
·~ ~-·~l~~~· ~l'.tle~ ··.~•1u.•tn1a .. 1,, c&te to ·the'·:tela'bl~l.y·i· val~~.,~, .•.•••. 

: /-..... .'--·., :' ... -,.· - ;,;--·:t·.:. . , ' 

:;.::'3tit·•:::,:::f::11~~:::.::i1::::; ..... 
·t:::tit~~:1:.-:.8t:t,~::=~··==~r-· 
. ~::~:~~:;:

1::t:7.t.~,::·~:{:rct·\ 
:~ ~~ b1'· ~ !!t.tilta,~. cal.l~•~r ·:tba.t· :1$ bu;il~r !nto ·~. ·~~· I11 i& .· .. · ~,t~ ~~~~11.~ • 4•~• ~· over.a.11 *:•al•i1d~1t ~t .~·· •i~: .· 

.:_., ~a,t.~if ttt-.s;~.··o~:t~~ ~ndiid;_.: .. · 

· . : '1• ·~~-:;~*r~H~ a.~~.~~~ -~~1t1t$rtr ~tf.}~: ·~s .,1 -· ~· ~ •~-: · 
:~W4: ov:•r: .~. ~~ey: ~e tt~~d •.. lt. is 'b'l:1$"1)d ~ .·i~: ~ll ~n~i\~m. ~-~!-·: res~~, :wui .. t)~4 ~0- ·~ l~ss t~ I ;.,:,~i1aa ~l" ae«,011d; ~~~:_:. . · · .. · 

· 11dtd.-.: a~-··~~~; l•· r:•t1W.r~~ ·. •e ·•.i.-·r~q~ti .~•!~ili.; :·~.·be, a~;~ · 

. l~f.~etJ. ~o~ •ii· :f&~~i -~~ · ~~t( ~,~,tet~ee or wh~- 1~ .:~pp~c.~~l.y i~ ~$~~,., : 
. ¥-·_ .. 

. J;Ji~f&ltaa.:. :c 
::·rr/· · .. 

~fi!ll ~~ ~i'.ggef- cir<m1:t.1s properlJi": Ei.:djQste4, tt· Jflll: ~i!fflW th•· ·4t'i,'tt~ . · 

" of •tl1,.(.oe~i11,g'a,1t ~d bloqk ~1¥· -~bstu{u.•t ~:tp•l froa ~~ring· f;ll;> 
~·~~ rJr .,prq:t1~,•~r ~~t $~~cl.. , . . · . .···. . . · . ··.·· · 

'A)J. te$'1;S int~-~-· ~t Mt VOU,•g~ Y~~titiDnif ~•lati:Ye Ul .. ·~. ,~4 •ii .· .. ···· ..... . 
. : ~~ wti~ w •. tr~~eaey. 1uil~ ".r· ·~. $\i{i~t wi~1 ~ .a1~1~yeil u ~ 013tii~ae- ... · 

' : . . . . -

\ /', .. 



rq tub$ provided tha't the :ea.p$eitance to ~o~u oi .. ·Jme vertical -tenna is. 

between t:ht.,. values ot. s.a and 15 micro,micatofarads. 
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..... . ··.Alt~ ~lei.~~ ~eul.tit1~2~· ... 

fhe. ~--~: et a ~\:teu -~ is .gtv~. 1'>¥ the .~i.t•, 

. II; }~: • , .••. • 11! ... U'J)!dade • 

. ~,•~· .~~ th~ appll~on. ~~· dl.~.-atO!'.l,. ·. 
:._.Ji~~af.q~a:::1 lo t&et .·· 

' .·. 49: ' 

- ~-· .at-~igh;t ·of lJ>•r ~d ebar~ ~~4 = ;~2 ,~~ : t"'.4 · tu~s . 
. - ·> •• 

lfl -ii · ..... 

. $~ 

. ~t foll~\~ ·t~ .JO t.~t.:.k ='. .4Cr.J~ -~- - - . . 

:Q, :~ 7..,)6 .x 16 . 
~ ......... - -. M If ·- __ ti )L -~ .. t lE 

·· lo~(I0/~0$}~.itOJ; 
' ' 

.,.;.:, -·· =' ·.ll.io.~-~~ ••... 

'~(!~-~.~-~~m. .. t,; 
:··14--~:-~u~l!if ·,aoo •1~····.·. 

. . ~ . . ' . . 



c2s"' 

C27'1 

16 

)0 m.,,..,,··•<1-..• 

16. eleotl!olvtic ..... · 
, -- - ... ~-

, mfdll' 5o V .. D.,(l. electrolytic .. 

il mfd~ · lt5o v~n .. c"' eleetrolyt,:te,., 

Oii.02 mfd-, 600 v .. D~(1 ... paper., 

h m!d, 600 v .. n . ..:c .. oil .~,.J...!.,v. 

. . 

30 he11ey1 70 

so·.· 



RS, 19, 

2-0., 2's 61 ... 

. Itll,. 22, 43;, 

Rl2, 23. 

· !l.J, 39, h1 .. 

Rl.6« 

Flil .. 

ins .. 

R28 .. 

R,)l JJ .... · ' ... ~ 

R341 ho ... 
"fit4 . 
.,;~,~:~. 

100 

200 onm.s, watt,., 

100 K, ! ·.W<llt.t.,; . 

. >"!; .. ·-.· ...... ·. }£.'' ..... · l.. . "'= C.1:,,.<,;,; A., ':)! 51.,~,.. 

- ' 

.' 10 1c, J. watt., 

. 390 eil-rms,1 .ira.tt • 

. t~ it, l \'IJatt., 

5 K, 1 itiatt .. 

l 

. om:\!~,, ratt..., 

:io Til~g .. :ti '¢:ra..tt .. 

s1·1, l wa,t.t'\ 

1.~5 K1 wat\,;f . 

. 600 oimi ·1 '.ttatt ... 

,60 K, i watt ... 
. -

) I{, 1 wat.t:,, 

j,. $ Ki > ~t.t-., 



R;;.$, 56. 

R51 ... , 

R6o. 

.:&62., ,63 .. 

R64.-, ' 

fl •.. 

flt •. 

irfl .• ' 

m., J, 4, 5, 6, a,, 11,, 1.:;,, 14 .. 

ff7, 9, 15" 

VTlO, 16. 

v1111. 

vna .. 
m9 .. 

r-'tt l ... ;..t.£. ;;,.,., ·iii· - ·'I.N> ' 

50K, 5 •~t.t. , 

,oK, 1 watt ... 

n1rr .l. · tt ;;,-,,.,, ~ it.la ' ... ' 

!1 t'l,l" l ~-;t·t . 
;)Vi'o.;; "'""' . ,. ... 

' ' 

52 

750 v .. c .. r. 1 150 ma .. , 6 .. )v .. Sa, .. ,JV .• Ja,.. 

6AK5. 

£Anf!: 
Q.d:l,.U7,o,. 

5B.h .. 

6.tcr. 
6Y6,.·. 

uo v .. n .. c. DPDT .. 
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