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I NVES'f:tGA'tl:Oll OF G.IID-J>LA 'Pi IOIULA!f 101· 

,OR !UU):tO-r,,.1,ium1-0I' AflPttIFSEI 

Although. ~ll\tt4e motht1:at1en lit not the aal1 po el""" 

t.l _ Ittl\bod t-Uit·tl 1n :r-adio t~tnttt»,1 t~t••~- fo-r b~.-,d.Oti.S\1Di, 1t 

b.a,s, by t · .r, be•ome the mG's:t dom1aant GYtt•m uee-d to-tla:,. 

1rn1ei1 11stem is .now i ell <\evelop d aHn:. ,,e tam.Mt. expeot v-e.ray­

muttt mo:re to bi gained.• 1th..,r, a · \0 'ttbe «tgre of .modula­

tion ·•P as to th& m1n11.ltnn aount ot : 1 tort-ton ob1.•.1neble, 

!'he pr • n\ aa, tr n4 ts to. av4 111,r ta••• etf1-c.1 ne1 s ot 

ra .io-frequ•noy tdlpllt1er epePat1o.n and eveey ett·o:rt 11 be. 

1ng rad to ~eduee th f1rs oost as well as th · ope:rat1.n1 

:co t et tr n ·· ml t .t . re. 

There •~• two gener,,l. methods ot PPl11ng aJ1ipl1• 

tu« aio -111 · tion to s-s.d1o uanem!. tte~s. !h · i-ad1o .... f ·r$(tt.l' acr 

current of th tin~l ampl if1 r tttb say o: sod ·la~ -d1 i \ ar 1 

bef -:re or aft.er th ube, :Peeul t.ing J.11 h" ~,t 1s c lled low 

o - h1gh.-lev•l yst m of mo -ul .. t -1on, - speot1va1 .• - 0-1' th -

lo .1 ve . y -t m,, mo-d:ul ti.on 1@ ppliad to one ot th · e~~· 

11. tt 11 of po r U1p11t1c ~t1on an th outy;>u.t e.mplit1 · 

on prodtU.Hi ta-1 tb ully . th _ aiodu .. ted ,v · • 

1 



2. 

fh11 ohe • ha.s 1;)· ea the standard in rle11gn1ng bigh power 

\1"4¾!1 ·m1it . r but be.1 the 8J,a~.d1ranta1• of low a•erage •t• 
. ·eler:u11 ht· des1gne4 to hand.le a oomplet$l.J mod:ala.ted 

t1av· -• 11&11-lt e1 s~ld modulat1(!)n., a1 it iQ som&t.bnet 

cal.led, 1 also falls .tn th• 1ow • .i1;r,s1 olass1f1e$l : on 1ittf$e 

1 \ . 1'1HJJittes t:b . amplifier tube to pel"fo.rm a linei .:r oper~ · 

ton . 0ul ,1ng 1n A7t ~or,, aver~• plaitce oi:r·e.111 t · f f1o1en.e.y. 

!he a. van;, It at ·Ul.1s m-ethod 1s \ll.at 1 t rtqtt1re .. : a. n..111. 

giltle a. cunt. et ~uunc pn111r. a rot- tll.e 1u.gi, .. ,:1ev 1 

IY , .· ,, IU)4~la. 1~A 1.a &ppl14l4 to \h · ple,tt e1:,eu1t of the 

mpl1t1er. The l l .tte ~1 \1 ot \At ampl1f 1&l' caJt be su.t ·t 1. 

1 at.it hte;h \e mtet :,,e.q 1:rifrm .ll\ttt f 'o~ h1$h plate e1r·cu1.i 

t 14'1 n.~, bttt. the fh.itt itsad1r.t.n'tt•g·e 11 tb .. t 1 j ~eqt:t.t?-t.s 

l rge SJIOU3t of \lttd1a \&r-\e<t .audio-fre •, ··• tao, pewep, to · · 

· it.11 . ti,on,. wh1oh 1 ·1ff1ou1 't to obt 1n.. Since tb1a po. e~ 

1Jltt$\ b S\l plied: 'bY an uplitief', h1oh.,. u1lia.lly •. h a t low 

tt1o1 .noy, th• •over ll • t101sno7 1~ t"$.ther lo'( • 1th 

ad ,ne ·. tr. the art tt.f e1p1ng high f>ft r t.it41o. 

t~ q;U,ent, ,,... l\tlfOfflt~•-' the APPl ·· Ot ,\1·0·!\ ef htgb O ~ 
cla · S udio modti · ., t1en per-m.1 t the $Te~dl ef t1c1enc1 

. 1v.. 1t. ire ·• · n . !,~JP ~lnlf,lJ\1!.,,fHf» (2d , · • l Nw 
to ·~ M·s?'a.-B 11 Bo ·k Co., 1'911, p . l ·- • 

2A, . ; · shp ,.tgh · and R. E. Goram, ·Lo · Pow r· R . 
dio T 1 ·t ,r tor Ra · 1.o · re ·d.ea . t1ng. P·rQO • . ; . a.. E. • . I ( . 'r APf., 1933). 21?- .,,,. .I ., ' l)dlOO, h .. ,, .. ~ I' ..... 

·,J. Obamb . r ·· , t ·i.·, · fh · . · w ,oo . .- ·a , Bro d-
Tr- , mi t •r.' 'Proc .. · I .. , .; E~.. XX.II. ·(October. 16 34) 

'1 1'!fli(llft,,~,r 1Mtee,1- - , ·,1 , r11trt""t1\.i."UJ ~ "" ;/ irr 
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fof' unmodu t ted o~w1er cpe~aU•o.n to be h1$b. 

ContPOl.grid a1st.e:m ot modttl t on, b -Ving the .t 

ve.nt ,-ge of :re Ju1r1n1 n• l1g1b1t 1J10dttlait.1ng JO e,r, 1 · oottnt­

eract••· · by a 1() plete e1:r,oti1t ft1e1en., y, wh.1:c.h · -s11lt tha:t • 

. tltn the tot1'.,1 6Q.U1pmen i for . &Gh 1e 1n tal le· ,: th . r 1 ·, 

Vtr'/ 1.t t.le 1ft -t• nee 1n . cono 'b- t · e n; 0.on-t~ol-g 14 an • 

1 . . I - eystt · 1 Wto-dul .ticn. · etb , d.s of c&ntrol.grld. -, q ..... 

1a·t1on,u . lng eithtt' ttgi-1d-eu~rent• o th$ •g•14 -vol\agt 
4 · 1 · ~ . t 1 _ .. nt, • r x-athel" 1mt.·t,h~~ ill bro~-d.c . t sen 1ee b · cans I o -· 

th, . ·1tt1 ·ult- in t:rb . ·j ~n1ng e, oompltt-el; tnodU:la.1ted -:ve. 

1th toler •· l v1 · ue ·· of attd1o d.1 . tort1on~ ·n. e:r. .er t.o 

· 11 . 1'C'Jme OP m.1n1m.1te -th .··ae ·. isaiV$:nte es • -ve~: 1 e t s ot 

high tf1 1 >ne a r ti.on n·· ►· : e n 4 v1st-d.5, 6, ·7, t,. 9,.lO 

it, . 
J . L<J•b~ _ ttModern etJlod& ot ·odtt-l a t1Q,n, • lti$!,r.; 

{Jun - - 1,36) ,. : , 40. 

S;n -·• •er .• . \ . l ~. o;n._ .01 t ,. ~ Pl!> • 1151-lltl· .i 
. ~ · • ·' 31 . JW1&1"111**" ~ ij""'l~:ff ·• e,1101 ltcr-1t, « . .,. · 

~ - Oh1r.e1x ni; 1gb :tMVe Ou · b· -i.ng . ·odul t1cn, 
,f_t~"':r·•" -~•.,,~~i!" 11§• •· lll:I i (lo tnfbett, 19)-6), pp .. 1370-,1;92. 

1- • K. Doherty~ tt 1 · R1gh .... E :t 1c1 . l\01 P-o · . -. 
~ 11t1 r t o. ul te-4 .ava I tt- Pt'Cf:.• _ l., a •. ~,., Jal (S-.. · 
t ,embtr-, 1936). p . U63.11s2. ~o .. . ~.:.,r, .u,,.!O. ,1,,,n - I rilii• . 

· r~ E~ · . n · John R~ ooa, ri, A H1gh mtt 
1 . llV Gr · od t AttlPl 1£ 1er, -Pro . • . I a.. £ • .,; XVI 

( ugusi,, ·93· )., P • 929-945. ·· 

• D:ome, High. E t 1 o 1-ency edul ioi- Sy·s tem, $t. 

_- · ( Au ust, 19JS}, P:• 96; 9 · 2. 

e . , 1. h Effic1en.q odul ting Sy 
......_~---~~- ~• ~ XVII. ~"'- tz, 1939), p . 50 511. 



' in othe·:r $$th-Oda ff, ob:t111.a1n, intl'eastd :,la·te •C1~ ... 

e it ttt·teienot ot ~adi~f~•que.11t7 amplit.iers an 1Attempt 1, 

,m · f~ lo- var, the ~14 an.4 ·plat• vol ta1••; ot' tb.~ ampll.fitr 

tu.b · t1Jnul tarw ., -t:is~r 1.n propoJ1tt1,on tf) th• a:v·erage · mpl1tude 
r \ ' 

•t ·. :nu~.,lula\inJ tone. 'rtu,ae v·a:r1a.tions · re •S~1d not to. 
\'t •• 

t~t ·iW •• . n,.tarrit.11
11' and, - ,c.coNl.1.nglr, 11/lti~due, diet.OP~ 

\ .on lo a ,, ~•e wl.lt:Pf it ·(Uutn«>t, bt: Utl!JtHl. .to . higb qttalitJ 

t~au1 ml s-l~nill: :ampltt ~, t..h.e.sHl metho-da a?'e e·otlt~ollei 
~ . .. ' 

1 ~ . ·· . , . .dttl. t1on, 11 «,t1ttm1e--th1;f~ 1in 4l<P amp11t1e,., lJ ~n4 

·dynami.,t....,~b1tt IP'14 tur,dulat~ iunplif.10~1t1,-. 

f our-th 11 $\em at ~14~-Ji1a te 1r.ol tag moiltile.t..io.t1. 
' ' 

:a, 1ntrH·ttueed bf fl1ank o~ JO<•e,, 15 __ e,sl.le .. Cath:ode. M&dt:1la.w 

t.· ot1, hioli. -otf-e.rs· a wo:t-kable syat•• 1iti t,hb~t tht- 4is•t•~ 

\ : · o.t va.rytng tl\ . ave·~ag$ ,::u1:e-r-c1er amp11 tutle w1 tJa moc.l."la-

- :·· · e.udio...,trtqu, · n.c)( pew~11 1s. lat-~ -odu,ceiJ. 1t1te the 

ot~<Jtti: ot a ~ad.i$-.fY1tq1iene1 ampl11~.1er tube and 

bO\h th ; .14 ... b1 .. s $;A4 plt.t . vol tags ~• var1e~ dt1:r-ng ~a-



5 
gocd ett1QiEu1c1 btrt . xp•nelve mociulat.<1>- t ·.· :r h1gh .. level mo :.• 

u.1 .tion &nd pool' e.tf i ctenoy -wtth 1n• .... , ·netv mo .. ul .to.~- terr 

gr! - odulatton. This method 1· ,, ·-ae nt.1allr, Qf an adur E• 

.ur· of th- two m dul ting sys ··m · ,n;d, h n() * · oan httv a 

port1.Qn o · the avanta.gea ot eaob. wt tb. the t1.11e.dT. ttt t r, 

neitb.erc. th . nonn .l Of.Htr~:t,1on _ about 75 pe eent ◊.~ t.b. 

,mo · ul t1on 1 · 1:t1p_f• li ~ 'b;y the lJlt'. d 1,1 · s · • ·thotl &nd th~ e.-

m .intn cent b.· th pl ,t · · olt ,g-e var1 .. ion.. ... .ie 

r ·.; tilt in · ic nor of bot t 50 J) r c , 16 ~na 

r q · 1:r1ng ft l. · .. iv 1Y 11 tle au · 1o po ,..J' fii.. eompa,~e ! to J>l . te 

tor c th<'J4e modul tion 1· ho · n 1:. fi~u. . l., 

It · au.die .. f~ ttene1 · aodul~tlng VQl ta;: , tt.l' ts 
l t.r · uc 4 1nto tlt-·· e .tho- c1x-eu1t. ot'· th J!' -~- 10.t~tqu n(', 

.i..mpl1 ~1er by tr n fo. mett ,, i . w:111 mo.dul t · both t1'. · p . at 

au:p · l.y · 1'1 ·· - ~xtd ri · b1e o a .·- of th st _,.ge. 1th 

n , mo l · t1on th c -tho·de of th · .ta'.Ql1f1 ·r, 1. , , tlpproximat 11.t 

a · greu · oten ~ 1 er1no h ,rop 1. . lo · 1n th se-con .~ 

r-·1 of tran fo·rme~ T, bt t, wh ·n mo4ulat1ott 1·. ap 1 · , th 

.. nc• o tht 

t ft ·, V 1 
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1 
the 1.abe t-t•ultin, ift t. modttlate·4 ou,tpu;t. As"u.1iln1 th.at 

411nng the t1~st al11.•rl1Att.an ot audlo~f~•·<ttri•nor 11cdutatt111 · 

v~l tas•. the pol rt t1 ct ••· :t,s a1 1t141ce~tea . on f1;\l~t: ·1. 

Xa the. 1- r»11't c11ret1i\ b .. tween tbe O.a;t,hoie· Md plate of the 

.. pl1tJ~tJ' ttttbe, • ·· dds ta '\~ pl&te ,uppl1 vol \fJlft I\, .... 
a11ltl.n1 1n an tJtOl'ease o.t plat• eu,.,rent an4 p-ow·er ea~p,it .• 

In \b · gr1a, e1~tu1 i, b:~witf·t~, •m act, .o ·to Q·pp~~• thtl gr1d 

b1aa ••l \agt and, a:o-tort\1ne;l1 * itutre 1a a 4t,cP•nae 1n tf:tee­

t,tve gt'.1.4 ·vt111 \ligt m1-eh bnn;• tJ.bOU,t , ea itiC.~·tHl,$ ln P•late 

aimtttatul& of ~bt mnp1tt1eJf' tu~ :rtsttlti~ 1.n a. ft~.:rtheP ·1n• 

o•e: •• of plate· ouwen'i and po er ·otttptit ... ThU:t, th& modu-

1 tlng velt~r• o.n the platre tttt.4 s~t« ,oiFQutt aPt 1n ph •• 

beo . •• both teiul \o in,~eaat \ho tiffl!)l1tteJ- ffltt tpN t . on th• 

nt.xt halt ot' the a11a10~,sodulat.lfll 01c1~ \ht pol$.~l tr of •m 

is 1'&Tt·l"St4 Mfll:l .eattl. \ . 111 e.n e-tfe.ttiV't, deo~ea1ae lrt pl.~t 

velta,·· and a El ortase .in '-. lta.te adid\tf.u-ice. due to the in-

or •& I etftttiv · bl.a Vltl tagEh Ac·eo:rd.1ng1y, th - tu1p12.f1ett 

cut u· . · -•eNat:e .h1eh ·<H'>Xi'Nsponde ·\o m valle1 ill the modu. 

1 . t•d t l'1'1Jt~(f 

Thi · Yttem 'if oatho4• mot1ulat1on na, an 1mpctt1'\1mt 

· 1 adv.an\ · e sinte the rad1o-,frequea"r· oottplln.g eonil.eruiiet-1 
... 

in e ampl -ft. r 1ntrod:uce f'rtqtt.Erney a.1.sto.Jtt1.on by attenu­

t-lng th · b1gh . utiio..-tr-equene7 vange. A. p:r :-ot1cal o1rcui t, 

ea , hocle m dtlat,1on n4 it e1quival.ent are shown 1n fif,;­

~ . · J,. It may be oba PVe4 ·th tt ll the o~~P .ct ta.nee a of the 



p.:rao·tit 1 o1Peu1 t shtint the audio •o4ul t1on tra sto$ 'I! 

oatttd.ng · ·be high aitd:1Q-t'!•eq_tene1 ~ ,nge to 'b attent1 -t tt, 

O _ ·cit .nee Ot ot th qr11val~ \ c1~tu1t r. pPet· :nts th t o 

eond n ra of t e p . tbie l tiroult in pars let; ap rep:r ... 

t · · l ~ o · l'<t,ttl ·t. radtc,.tre ~uen-oy ~o pl.1!'1g 00114tn er; 

r aen.i.~ th· 41 ~rtbuted eap .,o· tancu, Qt th filament 

t1reu1t. ot th·e ampl1·f1 ' :rt .including th c~;p .o1 tanc· to g und 

·u o th , r ·11 m ntt -~an.sforme!J -1nd1n -. , !he etteot ot 

\~ · t~eqti . rte .- : Qb.a:P.acte~1st1oa ~f ~ - ea:,11.tter tn.to an -~.qui­

" .lt!).°! . . , . .-.:., .~.1.~ taft13e load~ that, is. a ii$ I! iht\ wh!o~. thi c~:th ... 

b ·· o OC)t.tl, · 

. h '.V 

e , ut th n th• modu1a 1n. · am 11:t er 111 

,~iii- l : rs Y- .e vol.t · tfa a.net. 1f n.ot . 1gn - . 
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blob are a e--i!J).us obJect1ot'l. wh: re 1Ugt1-qua11 tJ tt"eneats-

sion is · ~•-ci·.t:1:rsd• a n·e:ltl 01rcu1 t., $;rrrangement vviu; . ,cu_gh:tt to 

1-.pNve tb• tP qiu1noy Qh .z-·· eterlst1c.1 aad dimtoi-tien., 1!h 

J'. ng-em ·nt to min· m1i · the undesirabl shtm.t1ng oape.ei tane 

·cNl_es th . modulat.1011 tra.r.tllf-o---er, . s shewn in F1gure ) ·, 

page 9, was to lntroduee• a 1.er1e1 ·moiu:1ertoP17 lnto a Cl!Ht• 

11ent1on 1 _.. d10-trequ.eney $11pl1:t1 · r c1:rcui \ bet.-ten th · 

pl ·:ti1t up 1,- ou:ree ant. · tfeo\tv·• greund. !be .aert med-

. late.r · t .&be ifJ the-a tt pl . ced w1 th a ~dulatlon t:t-a,aafoPfl t 

~ o that · h 111 te supp 17 •ol \as-• w. · , 14 n.er . he.v e t.o be 11\ .. 

creast1d -bov·e -he m$X mttm .requtrt .- to~ noPmal c1a . a op · r 

tton oi,. th emplifle •· Th ,~1d. -"Gl.t ·_ · .· v 1"1&t.1on · to 

ru1.t·111 the :re utrem·ent f o~ ;r14-pla\ iaodul . t .ton are ob--
1i · in· d b1' th -r14. voltag·e · s:,atem of modtJlatio~. Tb1:s 

.. 
1 aooorap 1 b$d. -bY ,apning the mo ul . ton transto·- rr t~o . 

t tt- .~ct1v gNttnd nd unt11 th pr-op x- _- rt cl ·:,ag·e 

170h . 1~8. A. Ou.l'V r, 8 · ri e !odttl.atfjll'; . · ~Of· 
~ ' '"'~-'~ .~.•,,• XXIII ( , 19) )• -PP~ 481- ~95 . ~~ 

Le b, .. . ~• ... ~.!'11.~.•,t .· • 40. 
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11 1 

·va•r:1-at1oa ore abtairu,a. An. el menta:rr •tlr•cui t . o•t iMe .a~~ 

· ·rangtment- ts sho n. in Jrigv..~. 4, p-a · e 12. F~om thi . o1X'®1t 

t m b ·a that th mocmls\1on tr. n tormer . s · h ft.el 

to pot -t1on 111 ti! -:t-1t · .·1\h tb ett -et1Ye gNiund an .: .ne-g ·· 

t.l1re t•rm.ln. l et th•• plate power su:pply, ieY1at,1ng only u 

te po t1on t11o_m· the eonven\1on -1 pl t . vo·l age m · ulat1on 

ri-ang • n • is 1s h c-~s a.r, so th t th ... grid voltage 

v :rt 1 , a · are ct pl!'op . r' polax-1 ty dut'J1:ng modul.at1gn tor the 

qtt1f' 4 l ·n-~,~• - op,e~at1,on t,o t~ . plat:e. 1l't1-s a:rnnge.m~llt 

t11 a.. - i ·adv a .g . v· Q though t . e shunttng cap eit ·.n,e 

Q!'O 1 modul · tio-n tran tcrmt:r e~ ~e.dttce . t ·o only the 

· .. rtt a.A pl te ·c1~<m1t t-· .a10,.. l"$(ttt . n.ey <Jo.up'.l1ng cond. ·ruieri, 

· 1 ana ·02• Th 1r11 ca'. • aci tan.oe c1., h¢>11ever, 1.s ne11 cta),le 

··1nce it eonne«.s.4 on1. . io a portion ct the modul ·. t on 

t,ran to n 'th ±.. ec-\1 v .. grid c.ot:t.pl.t.ng o pac1 tance · is 

Of le v lu ._ >ltl1 mo.aula .ion 1 t ma1 be seen th. t the pla:t ., 

supp · 1 u~stt van in potenti.•1 . i th r-espeot t.o groun · ,, 

·. t .er oua · or lo po (!tt' \~aruun1\tel'· l9 but tor 

rge ot tput . th · o e~ ·upplJ quipment 1n"'"'. 

1a bulk ·: ut\,.. oeor41n,;lr .. the o · paettano ta ground 

.1n . e- 1ous f · etox-, e :n ho ·. th1. rrang -

· -r , t ct1 v h 1nt1ng c~.peo t nee of th 

f1l n e1rQ it. 
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To correct ' these <fbj ·eotioas 1ft th .. h1 J:1 · P 

po .. er tr 1ft-- . tt t'-a eonveflt1ona1 . lat.e moclulB t,1 n tre.ne.-

t mer 1 q11.pp-e 1th a terttary ,1.ndlng to, ,ntp ly the 

JM1 -o· t . · e , ari&,t1 on i11 ·. 1 t 1 t'! . eonneete · o. th eo:nven.-

. tion l mrtn.n: r . 1th tbe · ·.1 .te po -· r e,itr.:rply and he r~11e. 

t 11th th.1e ,echtme all (!)f th obJ&o.-

aN, . l i nated ot.her than th one . ·u.e \o ,e<,,. p11ng 

· nd·-nse:r- . rtLt1,ir· d 1. · th· ratllo.trequtrtt7 ,tn,pl.if 1 .r and 

1·st:r1bu tt o pat1 \ati:C-e of tlle tom . Q.nent pa,r--t .,. These art 

to1n 1n nQ t present day trQn&mittera ,n are not · ,e~1ous 

ob .. ect1on. &1em ntaey eiroult o · this method $hon 

1 n Figu.re 5 4t 

!hea t · o o.,.t tlin methot s 9t 1mprovetl. g~1~plate 

mo .nlat d , .. n:ol1f'1 r$ r& hecked e · '"iment. · 111 tor op -~-

at1on to .. ho . oor~ee\n s of pr1ntlp1 . .net e .. eh oper .t, d 

as expected. ~ t-re · 11-01 vesponat ~h ~.t" et(irloti I eb.­

\a n . · ft'om fl ~.eh ~-r an tuntat • v:e pr .,ottic l.ly id.tnt . cal 

o ·. tton, th t the t .-rtl ry 1nd1ng .op. r tion. g · · 

a l1gh· . incrit •se ot t ... e 4b at l ·,000 o.yol· s P••r ee•ond. 

Thi -. e du. to ihfl t at·t that.- ·th• pl . te. porter u, -p_pl;r ·d14 

no h v tio v 'f!1 in poient1 l 1th mo 1ul t1~n ,,t, -:v- tb -

tiv g o ft -.fte If th · . qui m .. nt hai been et l : ... rg r eon­

eon 1a, · ,. bl . tt mt t1on would I)PQba . . 1, be .· -

th· ht .h... u 1o trequ nor, nd. In a p11 etlo .l 

1 _ y . • n 1 . er t1o ·t,h , mu t. 1 · n to 

b · gr1 ~pl · t mo la · r. io-tl!'eau nor aJaplitieri-
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, e t · rt1er· wln!1.ng is \b, ·t th• m -d:ta1 ·tion t .r •. n ·tor.tr 

1tt11t hav · e.. tiln11,m,1n amount of pha: • : -h1ft, tha.,\ 1 s1 the 

plu1s · ~t-la.t1onti bet een the . s.econdarz, and the t r.ti . ry 

ll'l ·-· 1nga at he t:r n. fo-~e:rt ~ . t b ,praoUtal11 ~ · ro t~ 

k -·ep the FJUd1o d.1.s tQ.rtion ot th• mo4uls.te4 tnl'tpu t to a mt~ 

imt1m. · Th.1 ira ·- ~tcnt"m .r <tonetrrUQtion 1., ex;p n -1ve bu\ is 

1 e a.ec ·. s ,1!1 rer~t11rem :nt f,:,f;' . the us-e ot 4egea ttatJ.ve 
- . 

. · a...;aclt to a1tt1ml it no1 Bt and ii1.sto:rt-1on tiev . lope· b:, t-he 

1' .. dio.-.. t-f.i\ U$t\OJ' ~11f 1t:.r· tutt-a . 



the· &xp.artnien\. ,l i!tlt'!ffnsm. tt4liit., th.at . · -s 10-netNo\et. 

b& cbeo.t . tM pr:1ne1pl.tl ot' gridwpl.a.'9 &F&l$S c-f ~4ttlat1en., 

eon.,i tea Gf s 1'10nY · ·ntional tta :1a--t~•·~•ne1 po e~ a~l,1f1$.Ji 

~ 111g a 'tt11Pt 10: tube-~ · h m · ·. \\late~ s \~'• w , eso1 te4. bf 

a. \1~ -· ;3 t .•b• optra.tlng ti$ a ola e O ar.&Jilift•i- _ .na. 1 ts 

fre ~~11et10.1 a.s c-ontre11l.e 'bf a t:r:, ·: 2A!) ·t.ube as· a fir-:; 1\al. 

: sell. ato~ c_ er~/tia\g .. n 4 frtque·n~, : f '1010 kt.10,0:,cl ,. 

t'n• m , nl. .t1cn trr-angeme,nt waa as · ,ho a 1n f1~i-. · , . 'ftatt 

tJ - · not tti : n d111ttelt, bu.t hs"d tt, 'be ttlSfi 111u, a eo<>4 

gr1ad . m<f u · at,1.ott t:r;.nstoi,m~r , 1th · 1;< rt1e.:r1 w1nd1n1 a; 

n • t ,:,,ail. -.'b'i e. Tbs te~ti 1!1 - '11\ding • · tbod ot· obt~1n1ffg 

rrt • ·ar11 t1ons w.a. ehttJok.e ,. i,y u.s1ns - -. t~ n·ttto·:, 0~ i,1 th a 

,,._ -?'ge l · kag re .c, .ne t wh1eh · 1.'$V''td. th - . , r1nt 1 .. lt ct o •. 

ersrtrlefi, bu · th ·, 1.ba . shlft ltp. 'r . noe wns too gr: -a\ tq,r, 

_plic . ~1ol:l ot •s .neir .. l:vt t -~beek Wh1 1a aec a :.I? t•· 

'bring i e ~ ·- ttot-t1ott ot th n:todtal t ·A . t ,· ic a 

re:~ -n -b .e ... ue t r com1.,. f . ~1so-n with <>· h .. :r- . st.e.m-1 of 1n ..... 

er a .e,d ~ff ia1 n011 pe:t ati n, 1?:tie best l1iV 11$.)1 moc:~u1a ,..._ 

t1Q . ra.n ·rrAel" w: . -~ t .:t'!fOn ir p8 ·ir4s,4!0 s~itabl- : o~ 

15 



unt , ,:,a l .ope~a.t1on d1.d ·~a.tad at 75 watts .• 

!b.1• vanstorme:r-,. t\ts1gne4 tor ama·te·up ni1.o 1sr. 

10 ·,. b , all audlo.fr·eqt1r nor rang · et bout 3.00 'io. ,ooo 
t.101 · JE)Jt tlHJ0odt ., Tb.it, ot t.ou:ratt, 1s not sut t .abl~ to,. 

th · ttecttv . , .. es nt da:, b~a:doas,i rMges o.f 30 tt 10, 000 

e:11les •·• • oon4 obta1aabl.e b1 thtA p•atest, ms.Jorl t:, or 
broa , , t tran~ t . ra.,. X \ wae dts1:red that this i-ange be 

t ·nv · sl1g,at•d. the sQhematlo 416.g~am ~·t th• cona.t~cted ex · 

p.,er1m nt.$1 \1Na1t1m1 tt·. ,;r , ; $b~wn in .i\1gt2r·e , 1nolttde I tbe· 

m.odul~tel a · lift l1 . ·.n \J.lt t ~k c1rott.1t ot d·rS:ttln: 1ta1l&, 

inelu .1ag th modulatt.0:n troatoner., The modulat.1on t~M•• 

.form fl' tt1 lia.: 001truicttd to 1 ts su·:e$nd.arr \el'm1aals, l. aD.! 

! t- b1oh e-onwimt Git one..-hal ths ti,aru,tcnn ·~ tu.~n,, a 5.000 

oh . pot ntiome\: r a•oll that an, desired artlount ot g:r·ld mod. 
' 

ul Ull · oltage ma, 'be obtaia•d. tfhiB g~ .. · moiu:lating vol~ 

a, ·. · obts,1ned , 1u,. Pe9pfut.\ to the ., .rteot1ve gPound and, is 

equal. to m ~ · hown on \ht 41&,g~t\m. for th· pl.s,t . ~ c1rott1 t 

modu:i . .ti.on the ·n g ,,t1ve ta~1n.al ot tbt 600 VQl t pcwe.r $:tip .. 

· plJ 1 ·. cc 11 ete to tli t tpe on t.ne tra- sf orm&r s oond"vy, . 

u:011 th t 1roptli' . o ulatin; v01ta+,J:'1t ~ 11 ebtaUt, .a to~ \be 

qu1r d p re· ntag& t platt mo ~lQt1on.. !he :re is,to:, a, 
S. · e<>nn. e.t ·,a to · e :xtr•m ··econd r1 tePmittal, ·1a.beled 4,. 

an to th . tt I t ve po . r supply _lead. Thi. r- s1 • tor ls 

coft-.lndttcUve and adJust bl. • for rlifte~nt, v · .lu · . ot 

o ul• ting :r,o ·· .r · q111rem nta the 1¢L.ding can be Justs4 
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so tn t th·t JJlodulator 1 alwa,e. workiag tu.to \he 1am lo .d 

e \h t req;u1r 4 tor eompl t mo tl -t1.on. . Thia 1s reqi.t1r -4 

so tl1.Qt t.Jle lnput .d1tirt•rt1en to the 'i:Jtaru,mi ite-r 1. alway . 

of th 

bY th moduli.tea st.age .. !be g1r1d.b1aa supp1J 1a con. ~l!'tlet.,iHl,. 

u ,ing . voltag· -.:t la.tor t be21 u h th .t. .n ·dju iabl b1 s 

ls ""' tae4 . n4 · 1'1«l•la:tivei, l.c-wtit~ res1sunc 1>atb to,. th 

1o outtren t~ flo · dur1~.g modul ·t1on ayel -_ 1thot\t 

chang1 . t.he etfeot1•e grtcl bio· VGlta. -. Ct riden.· t- -e, ta 

r qu 1.r · d t - b,y ... pa · a the ,u1dio-tl'e .uenoy · e:mpo-nen t ot QTl · 

mo · . 1 t:ion. e :r ,;Sisto -1_* as hown ooru1eot•d to the ax-

e tation ·_ t .. ge, 1e requ1ren so th .t good ?- gt._1l 9tion 11 ob-
. 22 . 

t . n . 111 order th t durltts. peak -- t fJtotlul.ation the e.tf:.&c-

,1ve ·· -- 14 exo1 t . t1o,n d-oe not <lee~• e · ue to _ th · inore : te-4 

load 1ntrodu@e d.1stortlon. The tXtan· ·torme~ fg, c-on _. t., 

e ' to the: - r1mar1 of the 600 volt ;cowe~ sup-017, 1• neoeeiaary 
. ' 

to ob · - .1n -ffe nt v \l - ot pl te ·v -ltag, - n e .. ·. to-P t;-e 

c nv ntion typ -.· erat1ng it 

t?,! rl · l t.,n~ B. 
a o ul 1on. o -

( oh, l.935), 
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•o th t a ftl1D1fll1.. meunt &f phas.e a?~1f \ would b-e expert~ 

.. noe ... 4rh ,oond~J of t.h-t 1.npU,t tr .na e-X'm .·r T"t_ is QOti• 

n ct d to , ifr- dge e1t'eu1t :ai.112· 3a4 --~• · tlurt tg•n&;ri tiv . 

t.ef!tdb ok oan b a.p ,li · ·ithout ap.eett1ng th condition ot 

m•nt 1a Uie:t .Ph!ita& th1,ft o-.n be co»r11~t.e4 to seme degree b7 

.· ·. Ju ting the ·,r1.a.g· .• 

·. t ·4b ck r ct-1:fier re u1.r-emeat it tor a hum 

tr• .· 41 tol't1on1 a · .1,itput. It Wt/¼ · eonatNcte · a1 · tull• 

11avie P. ot1tier o the:t tlae rad1o-"~eqtu,n~r compcrumt 1 

earu, lle4 1th.out tne ttse o..f a t1lt.ar. A typ · $4 tube was 

t u.nd mo _.t sat1 faoto;-y sinoe 1 t eotild han,tle la:rge YOltage­

-1\b -pre:1m tely •~ d1f'6tort1on ,. Th~ tuned. c:irou.1 \ ot th. 

r · t t ·,:, wa load -· d wt tb ~ ~ -• 18 f;er l\; ao th t 1 t f:tte-

ueuoy z-e *· --on e ttottl4 b ae bro!t.d e peui 1 ble to m1n1m1 e 

h s - h1ft •. 



In d4Ult1gi1t.ng a r,;.di·O•f~eQU$ll01 ~~l1t1er tor 1,ftld­

pla. t,, ' e.7 · tems ot modula.tio;Q the p~Qbl.em w be solved 1 in 

obt 1n1~! \be -p:rope•~ , per .ttin,; points . .&lru.te we· apply· both. 

SP1 tUld l)late mo ulati.on1 eao.h a,yst·@m is 1nYtat1gatetl. tG•l" 

tll. aw,t sat.iEJf.at\0~1 cond.1t1on 4tlr1ns coJSaplete metl't.tlirt!.oa~ 

· bia prooeee can be ttone e1\h ~ ·by · n aotu.al out-and- t r,. 

m. · tho4 or by ea.leulat1o.n., Th~ l . ttel:" llt tho4 1 s ustu1111 th 

11011:.r , at1 • acton, 1inde 1 !/ requires less t me \o ol:1tala o~. · 

· t1 u o t-'at1n§ e,0nd1 . 1on.s, pa:r:•t1e~larl1, when le.~r tra,i, 

i.tt1n ·tub~ · ar · 1nvolv"',d. lo oalcnl te a ,ct notnt,s ot 
•9-· 

o· er·".t1on tbrtJ niethod O'ttt1in• • 'by D. e. J:g,1nce 3 :r qutres 

tlr u of . t \1.o oh ar o er'i tic our.,r~ui o the vru:uaum tub• 

un .~ oon. ide a:t1on. ftlis ethod t k-$s eons.id .rabl$ time 

. ng c:n 1 ions. A · ow,;· h t tnore im l1f1 d m: th.ad was 
""11, 

outl n . ~1 · ou.~mts · ·~1~ by using con taftt 

.tro t ,s tr . n H. • . Ko nov . 11~ An l.ysi . 
?" t · n ·· f c: c-l.l Tub · s Cla•s 0. Amplif1 r 1" 

t • . . ,. XXIII (J ·lY I l; 35), pp. 752-·77 · • 

.:...1 



curr nt h r o 1 t1c ~,ttVe tor tl · tu.b ~• ·J? e ·. i :era­
t1on, . t unto,rtune.telr, th · amount ot l bor intol · 

· 1 re .a , . tt>:Q · cb t1m - an eon tall t cur~e-nt,. ave u 11al.ly 

· .r n t ,..V·. l ble, ;,. eitnpli,.fied • • bod wat , h•n, o 1ght. 

odulrit1ttg eiol could b . 1nve 1g t ~4. 

The metho6. outline-a by w, G. Wa ene • 25 the l · te. t 

publ1tht't , 1 m1 ar to 'tho-s outlined by i'\ i~ ·T t1 .tt-n4. 

J . • tern, 26 ~n ~ y f . - • • a. oa 1. 27 In 

s 

7 

(1) 

n • • !h O_ l; l .tion 
n onie ol'- tormMe o-t 

l :r Tu • t~ . ,_ ~-~11 j XX l ( s, 

n n 
1 1 



. . 2S -~geAe·:r mad · seve!"e.l aitsJJrses. ot a.otttti 3 .. . -la+,,.. curr nt 

pttla s. t !l\t ere tJpio.al. 1n e,.~ -11t1e . op~f-t?" ion . He s ... o /'ed 

bat 
' 

b . itni.tY 1n. e$\~bli$h1ng . ra 1oa o.r pe · 

ct pl · t . ott~:r ·nt ptt'ls·e t 'h$ !Peet. euJ.~re.ttt VEi.ltte and th$ 

. to at · fund.all en· s1 . ·1ttirna.t.1!ig eul'ren oom .. on nt t.o t.lle 

axlmum pl te c -:trent oosnponent as A tu.notion of the angl . 

O· flo-. 

t pe lk v 1u· or eur ntu Th. n, ~port the .. asumpt1gn tb. t 

0tt1--r nt. i it\ the x ottra gi.v ·n by ~ u ,ti,on (1}, a, curve 

an bt lotted whttoh g1v ., th ~ relet -n .,hip bet~ e ·n dir ot 

f t e 

ct n" in ent I and m 
tl - uttrrib . ... of l · et 1 ca · e curren out-·ff te take 

p a e « eb a 01:ll"V . i , eho<n 1 

n l o, cl:u 

x .. n ,n ·t oth ~ t'tlan u 1 • I'O th curv s 

1s th .fl p · .1ble o a e · ·nfit th: d. 1~e t~ ot.r ~nt nd 

· rid n l l t rn ting co _:,onent f th sp. e u r .. nt · pule 

n ee sit. f sin th , in tho. -ot 



I ! l ' I ' I ' I ' ' ' 

0.6 I i I --+- I 1· I '/{= / . 00 
I --i- -t----r--,-:,' : ,, --+--r:--1 ; I i , , +-1 ~~ 1 I I 

0.5 I j I I 
I 
I 

I - 1 
I 
i I ' lp I I I ' ---... 

Ip 
Im 

.l,.,., i ' ' 
I 

i o.4 +--1·· - I ! ! 

I I I Ide , -
1 -+ Ide -

1 

I - 1 _ I I 

i -~ Im 
1 

i I --I 
I 

' ! 

, I ' 
o.2 - , -, '1. l 

I I -
L
1 -+-H-r---1 ---+--- I 

! I I I 
0./ l-------i--

1 

- i I I 

--- , I ' ttttn_J_J__j_L_J___j___L_1 I ____j___j__ I 
I ' . I 

I 0 
20 .30 40 so 60 70 80 90 

& == Cuf- 0/"'F Angle of' Cu1-renf Flow -- D@3rees 

X:;;.f.00 

Fig. 8. - D/recf- c~u-,-enf and Fundarnt?n f-a/ Frequency Comp onenfs of' 

Space Curren f Impulses a.s a ;-unc-f1or, or Cul-- O/"f Angle. 

t\) 
.s::,. 



probl m 1s, h.ttn, to lo• t ,e . the m&..-t.1 .. ·. m etlr~n, ti-e th , 

tt be eha:r~ te 1:stic CU.M'$S and s1t: s •. tutlns th Ea int :r il>tios 

o ·a1n. 

an. the fan . entiil . l t · .~uating com onentlll a'.re o · ·t~.1n,e , 4 

Star-ting i th on o.t) t.i.11 e t1 eme .;• per t .n, rli1ht · 

th chsr ,cte:r1st1c tor -h o.pe. · :ti n e · th ~ tu . 

· · t rmin d t1ret . A ub,} manuf .. etuii 1 ... 1 ms.tt1 l 1 00.1,slilt-

0 O 

1 ' EL 

0 th& 

¢Jlat o t · 

r .n 1 Il. 
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l O · S 

nut ti 

·,. -tr t 1be <,J; s. ot · r13t1 .. or 

~n:-- · on.29 nt p i--. t on is · ·on aid . 

d- . ~ b , ullY .t111zad. 
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l .:phOtQi' . pl odul . t an"' th 

i t, . 1 h i\• 
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'11.na\e ~· ap· r · 1 t11 th left ori1nEit repr sent1ne; ·the op r. 

·,ting vo-ltege& .tor o.omplete gr1d modulation and tb . right 

r .na.te :r · s · ,it1ng c_ompl tt pla modul · \ion a hown 

ln 1gu . 9. 'Ph· eorr apott:d1ng p<).1n· s ot e oh m thod ot 

odul"tion al' tb u Jolf¼ed by a stf' 1ght line,. since the 

. roent ,ge ·ot pl t m u · at1 n v~r1.ea a a l1ne~. 'tit funci1on . 

Th b els b twe n th · to mo e of op ration is-~ r pr .. 

:reentage ot pl t tnodulst>1on.. 'rh , ,e ou~e 

:r . re,a · nt .,nl.1 oar:r-1.er t · nd1 t1ona o .i, ·1eh th experi.m nt l 

. sm1tt, ·:r .. a b . dJust 4 1th.out O<!ulation. 'Ph · &irv:es 

r ul 1 g fr+o calculation . N tb plat up•:1l7 v.o g: ~J 

.e _u.enoy 1 l .te v·ol · .g · 1
6

_ grid• bi · VQ1 t ~ e E
0

• and 

h m 111 1n ta.ntan ous po itive grid .. voltag 
S rn•J< 

he . nt. f r all con ·1t1ona o t.perat1o · w held 
' . 

o -net .t . t ~5 1111 rap re • Inelu4 d a» aleo two curve ·· 

· 1ndieat1n th. n o s rr, o.dul t : ng potential :f.oll' Qot1:· let,,e 

nct,;1o , Jl . gri · v r1at one r · cal.cul. t st.r gh . 
m 

11n ,. b, 1 g er-o, .. en complete pl mod .tlat1o · s teJting 

pl 

· l .t1on 

t1on. 

th l t · m.o ula.tion v ltt~ eu?'V ·1e 

of pl t modulati n. Th1 

pl t Vo : t e re J 1r - for h . no - o•:t 0 

· o t, es 0 curv 1n l r · th nt 
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tr nemitttr 1 dJustea. to the mode ot llOdul. · t1on . 1r d •. 

ro:r e-xampl ,. t<1 mod•1late tbe exi,e-rim ntsl tre.nem1tt r ·1th 

60 p r c n l 1 · t · tJld 1).o per cent grid r1e:tlon • 

curves are consult ancl the oper ,t1n . volt _g . obt .!nett 

rom th 1nter,seot,1on ot the cu" o . 1th th . 60 ptv oeat 

pl .t. modulation (trdin .t • ceord.ingly, th pl e. v,o ·t 

~ 1 ; volt, g~1 •b .ae 1a 172 volt,. and po111• 

· r d e cit t on 
,nQI( 

trans.at\ t ft"t- as tl'len eu1Ju$ted. \ .o th. et opera·,..1ng polnta . 

nd tb. · tatlk c1rc 11t loa · d 1th a no~1ndttcttve re-a1$to• 

o' 1gur 6. • ag .. 17, u t11 · th ca.lo l te our.1 .. nt of "-5 
1ll.iamper. 

e nu b .r turns on th 

., nn ot f 

t.·nit o1~c • 1 t.o which · t as 
;o tu.be vol tm t •· n1 h e. u e , 

1n " .. dJu ting. the trans 1 · ter to the de 1~ d o,,· er~ 1n · poin , 

1 conn~et db t e th o thod -n pl ,t · ot the ~a 10~ 

t 

s ul c dv ot •• 

plGtted 1th n () 1g-

! C n t the. volt g $ m er 

to t . <>1 t 

l t1 t 0 r ti n f . r- th 
at I q ti l t g i , ; ;ibd JU Iii ,>,ht ; Ji . ? fl O " I i > I _ llt ( f . $it• "_ I , .. s It l ,er J ff 7 (12 ~ 1 t Pit ill J _at: M 1· 1H f 1 J 

; o 
. p n X . • 



dJtpe~imeat l t~an1m1.tte:r wa , .oae11tab •~. 

Th$ pow :.r r l · , ions eor e ,on<li ng· '11th tt -1-t vc 1 t · .g 

.urv·ea ot i ~.ure 9 .re shown ·1ft Figure 10. 't'li,, ca eu1e. ed 

line,m .r ., 0114 -tu.'ld~ the· e·xpe·riuiental are. sbown as d. abed. 

'.Ph. ,~er.1inenta.1 pow•r· 0,1 tput c.uiwe ·~ as ebtQ1ned b;r meaauz-.,. 

1 · tll radio.tr quen.01 vol t ·, .. ge and, convert1ng it into 

r1n th ffeo.t1ve V · lue me s~r d n div1d1n 

by th.e . s tttanc · of the n<:>n-1nductive re,1 toi- load. fh 

po. er o t-put to1- pl~te modul ·. t1on.1: wh1cb oorr·e.strond 4 te 

. n•y ?.ol t~ obe rved to~ the · .m opfl~ · \1on, 

gr ter t.nsn i lcul~.t~e • The lo se . 1n ·the t nk c1r-eu1 t 

v. t-Et· pi;obab17 .n t in exee13 ot oru,.h .lt it 1nce the a:r~ 

rangam.ent ·. ,~ a. 11fte« to. h · ve st lo1r• v lt e o · r oti ve po • 

r tor l .o :r1 . The r:1c1ene curve tollo~e th,f power 

out ut e·ur 1n ha si c · th p · er· input. w . the ea 

tor bath ~h e · cul :i -ted · nd. xperiment. ,1 · .. , ues. 

Th w · r r · . ., ulr d to modul8t, tbe tr n m t.te1' 11 . 
eh n 1 F·S ·'t- lOi :tt be 1n t ; _ proxl .t l ; , n ~half 

at to comple · grid o ulati ·n sine the ,oa l~ting 

o ire lltlat u:rru.sb . p ,.t" ot· t ::i~ gr! 

o th r 10 nay mo ~ul . . t d mpl 

. v t ro c po er or th 11 c ., ry 

or com •l t .1 t ... 

1 rand do$ not 
31 

id . b~n .. • 

-~ -'"'' )f!jtld .,. l!iW¥il ':11 :jql - - ,, · f 1tr ,1rr , r!\Ol t • ... · r. )l'tfo ' . ,1 . r, ·1• :r ll )I i) l 'I 1:«1;. Jl) ~ Iii! t' )i\11:1t11c, tt · •~1' 1 .,., • .. , .. f 1 t 



30 

70 

11. II 

30t---+---+---+---+--+--~-+--4--~-~ 

- Calcu/qfed Characfer✓-sfic.s )'6 
1----+-___ £x / er1rnenfal Characfer/s ft'cs / 

I I/ )) 
28t-------+-<----+----+----+---+--1---+--...,__~-~ 

I ,1'/ 
• 

60 

50 

20 

6 

/0 

Ftg. /0. -



.. olt. 1, au , r .imJ>ae. ~d r.Ht the 41~ect suppl7 vo!Lt-QBe . n& 

eux-rent (l b nt _:tb) and must, l)e, eqna1 t o th• tttppl7 volt~ 1' 

R-ence,, the l:'OOt--me·a,n~s.qu.a:re Y&.lties a.I" 0qual \o ~ vi, and 

l1r,/{f -nd the attd:1o modttls:tt1n1 po lit~ :r · q 1r 4 la l/2 ~%b* 

This giv . e the two . ,ttt"eae· points of powers req,u11~et fo:r 

g:t1d .. p.l.a \ · modu'la .. 10n Iltnd th~ 1:n.1-)et~een points are det . .P-. 

id.n.ed by a 1tr.1:1a1ght line d.rawn t11.rottgb th . oaleulatea points. 

Xn. pplying modttlat1.on to the ~ ntu.n1 tt · rJ t,be mod~,­

l ting volte.ge t<i':~ beth th . gP14 1u1d pl ate mu-st ee.eh b.-

dJusted to 1ie1r prop&r pttlU'tUll .. S-houl th~ t~anamt;tt·. --~ be 

t - op ,~ \e 60 per e1nt plat an · 40 per eert\ gJ\14 

nto tll . on, tor co ~pl · -$ modttla t -1 n, tb.e val.us-a wou.14. be ob­

\a1ned from uurv • in -iga ·t 9 on the 60 p ~ cent, plate 
, 

modr.11 t1on orii n ,ie. r -or 60 J.Ht:V c nt pl te ociul.atio-n, the 

tHlto mo · . at1ng r.i-eak v01t e mt1 . t be ;25 vol.ta an,d the 

r i d · -· r-1 t1onJ 1'-pp1 o 1 . tel1j 35 volt · • J\.: su · 1ng th -t. 

· r1 · n al tr . nsmitt tt h. b• n a J sted ptt.c>:..-a:rly for 

t/ e 40~60 p ee t d ot g: 1 . plat modr ati n .fld tb_.n 

iv ft 

tpu 

vol . 

mo ,11 ,.ti ·n 1 - ~'· li · , th .o,- l aatlng. volt sa 16 ad­

it 

~• Obs rv1 _ th (f 1 l ·t• - r e.a.10-tNquenc:, 

eathod - r a o efllog-r \ .h th · ~id modul ti!t1.tt -
-

j r1ntil t e ob rve:' !mag• 1n -1oatt com-. 

.,_ ·ion. his g vol fl'ge v i!", 1 1 n s me .. · ur· d 
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:mod.t.1~tor plat· volt ge ts a_esu ed ·q~u to tb . :: 10-

t:rtqu. nor po-w . .,. amplifier d1x-ec • pl ,~.te vol t"8ge ·: nd the 

.. odt,t1 1\o~s ar . ·e~n~ld-e-P d · a ry;, ,;ra:t1ng 1!t. tJJt.tt .out- oft 

.. 1 ti no mad lat;on, the. · )heor \ic . l $.asum.pt1on f 1'-i- llm 
would b , pr.oportion'11 't$ m , nit, ~eco.:rd1.ng1y, \he pow r 

1 · t woult' 1 . ft-on1. :, c to $. ms.xi• .m ,- :lu• in a. 11rte~'.f. 

r l ,t '.on t"fo m. For · crt11e \hf:¼ 0 iHisiunpt1> n1 , •O not. hold 

inc. the ,,..' l : ·. eur:r·tnt, $ ,! trht, moo· l~to-1" is \1St'Ulll1 he14 

,1. o t 20 p. ~ o n . ot t,he ma~1mu value ~:tt complete moan.-. 

l ,ion , · tfh · · ·,n · lm .,m v ltte t ~ 1 · abo it 65 pe:r nen:t • 

. ?.u\t. . e mo i:tl,...t . r tnptt\ ~imes ltn.ea.Pl.1' wi·th mod~ 

0 . 20 t tb. mi~ 111:tm valtt giv :n bf , . 1 o., .; 
th, · .· w · ~ 1 · ·ut 1 . t . 

( 
o. Z + 0. 7 n-1 ) 

f;_ -= ff_, 1 + O,, 6 5 

· rro"1 th1; 1t is poss.1ble to e l c•la\ tb total 

J)O r-· 1nptlt x-.. ulr .d re~ any mod .· or op ra:ti.on arid gre·e 

4:)f mod ll tlo·n.. 

• 
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· ht a .-,XP· ~i 1 ta.l -· t w . the eonnec.ttng o.-

r .. - P-8 626~.A · -~" m-tub " vel . m t · tc th · o it.-

pu of 8. tt 11 .. wn:ve r otif1. :r.. Th ?-·$¢ -·it 1 · :r- oir~tli t oon 1st.. 

·d · f .. o n r · t pp~d tun. . 01r~11 t C<:>tt.ti · t bf a lo apei. 

110 tr"ln lilt. .1on 1:\n · to- t b · tr nsm!. t.t1tr1 outp11t., Th• 

b 

tion · f tale ·une - o1i,reu t r th neon ... 
te thtt l t, . s of .I typ . e4 t lb$ .r-1 h ttn OlJ\.,; ut lo.ad 

1 · or oo -e,,.,·· bet e ,, n thee te~ t "'":J of t.1 .' tun, etr-

it 

it t 

· thod 0 , '.. t.ht t .\Jbth ·Thi 1 s -lit - : ~.~ to t.b-e t · :a ... 

t ti · -oiroui-t ,~ h wn in "t gu 7, ~ge 19. 

)ub volt,met.-~ connect. ··· to the 1 ~a re-

.. et 4 o itr,ut b 1ng t.ero .- -o:r n raodul. 1tu1 & .. · v~ rtng 

n f 

o th. mpli U· . of n.et· ·1 .. 'tion in· .• 

b meter , r 1. g a11 inptt·t .. 

mpl · f1 er 1np 1 t to rodue · eo plet& ·. at 

r · o ftiequenot ampli 1 r •. h · u4io·-

i · t , . -0'.bo n s 000 orele · -~ 

ll 1 . · n~. it 'tO the o ', l t ng ampl1fter 

r 
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CLArV~ B - Co,.,.-,p lefe 
Cur-v e C ~ Cal-hode 
Curve A ' - Corn p/efe 
C ur-v e B'- C!,,orn pie fe 

Plate Modulaf/on w1fh no feedhacl.J . 
Gr1·d Modv/alio'J w , fh no f"et?dback . 
Modulaf/on w 1 h no -F6>edbc:tck_ . 
PJafe Mod~/af1017 vv1fh IS db F'eedbac£. 
Grid Modulaf1on 1N1th 15 db Feedback_._ 
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Fig. /( --F,. ·,99ue1 1,·~y /d:.:,s,ooose C/;araclC?rl5f;r_s of Gr/c~ - P/a-1-e .Module1 fivn 
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37 
u tt l r ·n e cf ·xp :r1• ent. l tl:'an m1t·t -er 1n st ps to r1v-

rU\ of \he d.et, eto~ was .reccNed an . eonv~Pt --4 to D gained 

o:r lost 1 tb. :r -peet te .. the 1000 01 el s per , oona. :r~ter•enc . 

. o1nt aa thown in fi.gu ll.· o-.r,r A- Xt•pres&nts \he tre •. 
qti ney :1 _ t ~tion oh r cteri t1ce fer o<Y -1ete l.at~ lll 4tt-

1-on i th 45 ·1111am · -·r · ot air -et..ettrrel!tt tlow1ng ia 

t eond ~ t'ttttn- ot -be modulation tran ·to. r. Thi 

Otlll11"$ 11v a a good 1ni1<$at1on a& \o. ~• poo~ qttality of th · 

od. la ,1on t,raa fo:rm ~ u · . a,. fJt,;...ott 'b 3innl g at, p /t,.c.n,,. 

t ·lt, 400 c:,eles per eeootta an« th& uppeP l.tmlt betng, 

_ lf, 6000 cycles p r oo - allowing -on . 4b 

• · ~1 t1on. pl.lit · o minus. · good t:rana.tormer, as used 1n 

;# mod of c ,lete gr,id mo ul · t1on, curv · I 

· not tol a - th · . · · -c · ouna.tur of ourv- -

A etnee th odul t10: ?'an for. · :r · cp -_ tes on , ,-_1ff nt 

. on ltg magn~ 1,z t1on 11:iV · and Pe ults n ,: 41 t · 

•nt v lu · ter-n ting oul'-ren - .pe b1lity3~ 

th tr ns-
1••- 'i 1,1•'1iltJtq;l11M111 r1 .t 111r nt,,c,,-, ·1 P fil lf a,,,,u ·,r:trtf;J :t1• •••••s" ·-,e ltJiiil· .. ir f•"' -~· ,1 ~- ·•• .. ~•• 1tq· r1,, ,·~-•-tlJIIJ•t 

l 



; 
to · . r · d . 1gn d t r lal-i• v -lu of d1tt c . ~ur · nt as 

n t _.,, P di . operation. F-o~ th d1·ffer nt mo(le 

. -· a. .... pl t va:riatton,, \l. e fi,equ A:01 r s_ · oruur, eurv-1· · were 
b .t e th l.im~t1ng ou:tVee A tmd I but, re not, plott d s& 
• · not to oong t th .· · igtlre w1 t.h t.:00 trua.rlY ou·:rves o n a!'lY 
\ · • %e pl.a e Cl.U":rt·nt Sllp .li a to 1:ih: tran. mit-
t,-~ · 1nt . ill$ oonet · t at 4-5 m1111 · p 1r · tor · 11 mcode · 
of p t1on

1 
but th· re !JOit tor the v r1ati .: n 1 th .t the 

f . oi ve a e~ turns--,•-= differ nt f$r aeb mod ot op-

l' 9, 

" b 

p ·· 

1aoe ·ch op r • ·- 1 n had to b · supplied 1th · 11-

t 

th . 1 · rov m ·nti that o n be . peet d with th gr1d .. 

m i.nod ct mod\11 tion. Ou~• ·.· A• rr 13 • · :r the r • · 
. n. tan . f cu ·e. A nd 

b .ei~Qk tro · 

·• 

_or 

, b n 15, b o 

o.t · qtt ney 

q • no,- · eil r . 

n 

e · used in oonJunet1on 

Gr t~ q•• . noy oh :r, t ri t1c th t xe p 1 

th 

· 1 ... tr u -nor out .. ut 

1 o o to -ra o 

t e r ne 1 t t · it- . o oor 

. :'V • . 



39 
The re ul t1ng att io- tr.equ -~ noy 41 stort n o tl"\tea 

without , gen r ,itte t edbA .,k tor tba f1ve mod.es of grid-. 

. pl . t modulation. ai,. shown in · ie;ure 12 . E ch of these 

curv _ w re obtaintd tor 100 per oent audio modulation. The 

eurv I " pr aent.. the <l1sto:rt1on obtrrtned tor 100 pe:r c nt 

l te modul t1on an has the o _ · et d1storti · n of th . oth r 

tour mode · . -hen the modulator 1s supply1ng the ma.ximum .amount 

ot a. . c p er to modulate the r dio.t~ quenc:, ntpl1t1er. 

But. b n tb.e run es .tade tor the next mod.e of ope:rit,ion:, 20 

p r cent g:rtd - So p x- cent pl.ate,. curve D, the dtnnana. tor 

au · 10- trequenor power from the anodulstor hfs d oreased to 

· p$r oen ot that r cu1r tor 1oo· p · r o nt p · te modula­

tion, a. sumin th1:l . the p01.! ;:r, in · tit r -matnt the sant& . . This, 

1 tu n, . 111 ecrea et e di tort1on pr dueed in the mod.ula­

tol' aqllit1er nd, eoc . rd.1ngly ;J th - eu.rves ot Figur'e 12 

1 ouln not b 1 c:ble tor compar1son, s1noe in e ach mod.~ o 

op ration they would h ve a dUteT-e.n · va.l.tte input dist ; x-t1-on 

d n u1tabl ref r no. point cHl ~h1oh to eXpartment-
.,, 

al e · 1 , Th in th nt l t:~ ·ns .... 

m1tter 1 ho n in 6,: ag 17. i v .ouum ube 

v l mt r th dio ul tion v tag a 1000 c oles ·per 

· r ef r 1 ~ r <l or 100 r c · t .i: 1 

mo ul !.on n 1ta value :recorded.. Then, for th next 

o· e of en .. i~ t on., co-ns1( er1ng 20 per e nt grid - go per 

o t 1 t var1~ t on t tll odul 1on t1~ n~t rm~,r, w 

t to g1 e ro :r odul · t ·. ng vol · e f o:r 
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1 eu r e -t. ·. ·1 tb tli.Erl v o.uu · tube V'>l t- t · . connect iv 

to tht · am . t rmin -l~ . of \h~:f mod.ul ·;t on traneto~er a o:r 

l cent 1 o t:tl t1ea en w1 th inoa.111 ~ t,io a .,. 11 a, 
:no .n : e\1V · --r . iste-t1 • . ·h1oh ls c nn ctsd ero s a por­

tio•n ot th.. ou\put tr-· a•to"1e-r 1. · dju.sted ln r . •et-at · n-ee 

unt · 1 \h v . I am ·tub vol ter -re·ttaa the t . ·nt . lu · · f 

olt-·e .. r1~op ·rcent , lt.e WlthtOper 

c nt tt . t.1v ffl d.ul tt.on t int; pl oe 1n the r d.1o.treq:tuln­

ey flPl f 1 · ~ 1 . e, o.al;r • pei, oe t a web ttt1- 1 .. · . 0 e . 1 a 

\ odttl, ... '\ tb r· t en:rlf nt 1npt,;t and othe·r 
; 

20 n · 1 · 1a 11) t d 1n th , n(u\ .. 1nduo·t1v . 1 ·to:t 

·n •rb to\ l . ;p to th.e ari.. ·mottn· . t utt:o • . tre u. nor mo, -u-­

\l!Lffrtillll•- a . qui~ .. d. fo~ 100 , r eent p · t . })l d lat1 . -ft. 

s . o 1.t.h ·1 tortto .. t r, nd1o ion 

th r- 11 m d .. O· ope~ tin the isto ·tion ouwe · f 

. 1 .u~ 12 h th · s ·mf>unt of n t t tl1 ttll;'\ion hi oh w 

el· · 

n th r 

•. t1 n 

ft • 

b · .tiN S to · -oom lot pl t · mo. ul tlon. 

1 t~ io ou :ho n 1 ·• 

. · as , n .r .t 1n h 1 - 1.'7 .quen am~ l1f1 r, 

. inv .. d Far th . r rosi.1111 :. 

0, B, n - A, 

. 000 ey el p · r o rid -,. er-



Xn 01?d•r t-o lte p the 1 - . el of medu l~ tlc11 ter· ll 1.udio­

tre1uenet. 100 pe~ 41n1t 1.t W$S n OfY.S e..ry to 1nor -::tl \he 

udto ttte u no1 input \0 tht MQ4"l&,t~r, amp11-t1.er tie •••'e1t• 

· nr the ·. ·ttenit· iton . s ·shown in, the tx-eqiu~:th~1 ,f'•~ .spcn e 

oh PeQt · !'i i ct ot Fi~e 11. :In doi:ng s-o tla$ motbdatt-ng 

volt: .. 1~\ \0 tb.& t~(t,A·s-to.rmet' ha& to be 1nar a.a d et · 

iner .. ·_ sei di tort.ton ~s lt&d a t,he m~n .· t1.f 1att1r t1o·• ot 

th tr .n a artlur,x- we - a: p~Gaol1ed ., (l ns1der1J:ijf \h-e av.'110 .. 

· l' . u ---•1 range 0. \he curves be t.w en 200 and 1000 CJ('J.).tui 

~- r .econ , 1 t 1$ evi - nt h \ . tonsiderable 4101\0:l'·tio- 11. 

dev loped 't>f aodt1l ting the g~t~ - in t<,nJrl!\Ot1tltt •1th plate 

medu tt-on. · Go.rtsitler1ng pitt.plat.· . mot .u.l t1.o:r:t ·1 tb 1~ 

Ql.'I. .s d ti.11e · of tJ:'fAnsm1tt1nf \ub· s, ·_ ·rg-,.;r dOlitl·t& e:t at --­

tort1en m :, b d V'$ lOp . -d .. , thef-teby, a me Ult mt1-tt- b·e ·p:rotrl te4 

b:r p~a n.t a y eng1ntHt!ttng »~ ot1ot: . ·11 u -1~ a~ .tn ratlve · 

t . e -b e'lt an q1f . eot1v·e 1lf1pr - 1!1 •nt: ia.n bt obt ·1 - d . · l'. 

:l -o1t1·35 .c the Bell !e-' ephoa• Labor to·rl e., h-e ~ttom that. 
• I 

by tEr lng b -C p~ of th · ·C1Ut ,ut ot n &.fftP'J,lfi- ~ to 

it 1npi.it e,1 att1t, in phe .. . e, oppo 11t1on to 1te 11%pUI volt .tJ ., 

· · re 1 - · r a\ i , C'.l' aee in th · ~ .- rformanc.. -- tab111t"y ~ 

:r1 t . r . duetion 1n &.itll.)litu.d ·· dJ .. tort.ion, 

,ta1s , nd n im:prov m nt 1n fr~ ··. no:, r _., o-ns · ohar cat :r. 



1 \ e., s-u; 1ng tJi t an ~mpl.1f1el' h~t ·, •. "••ttel'- vel .ag ·. 

c .n o 1, (p . -n1ng a compl.elt'. J;aiio ot th t:lttttmt volt ·g 

t 1n · . t volt g . f th m 1 . f1 ?' t1?'$tt1 t nd not tl:r. .. 

p . ·ti • tion eon t .altt of . v cu tm tubt) m ei e ·. : t.. 

.:fk~ b t · th- · utput ·nd in 11t 1th lts J) -l 1t o 

th -t th - te · db ~,fJ voltage 1 - 1go e :r. €, -t 
th in .u " val t g • If . h · o,.. er .. io , 1 · s . r-ble-, 

•!tr g 1n 1 r. «u ··, e ·t,h th i t · e . ul 1rtg g~ln 

th·· -·. r • s1oa · 

.fl (4) 

to hav stable- feet . ok1 th •t 1a, to b f rt ·. trom 
' ' 

,.- _.so111a 10:n, the amp: . tier g -lrt r ru.st aec:rea, • tttr ·11 1 ts 

i . gn t-~-·. -~ 1 · 1etHf · 11 one then, th o · bit phaee 

it 1 · tt mplit er and f eiren.1 t , a :rea-(lhed 

d · h ~~ 111 

t 1n .-ti o c-ill , ion 11 tit' _ 

1 to no bo many 

d in ·. ee b · loo • 

hitt o 

1 .i u · o- r , .. u n 1 • of th 

.1' i f l im or . ,.n in t rmin.tng 
··- t ~81 _. iT 'i. • ) ~• Jg t! f Ill . .. l ,.., 

t 
g ' t, 
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Bu 

tr 

ie , ·. 1ft at ext~,m t.t 1•.-t~ iu.entl ·· s 

· ~~ s 1 d in op rati(ln ~ t nev .~ ·~fAehe .. itt t btlit// . 

i ons, · suallY; ~ sul i uhlea , .h• t . dbaok volt ~ e · l ·O'fl 

·noug 1
, sttob \h t /3 ls le . than ()nei .. tor tlt l~ ruiy NJ~. 

poa ·t th li:f' ~ t ltfO degr• . a pha · 1 :ft., 
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shtft. 

· :r· e1rcn1· 

11l tor . r . cuca1 
~ y 

t 

r et nee. 

th 
. . t Ji It 114 l ) 4 . p J 1! "Ill t I .e ·r• . '1(11. • · ' 

st , th P. ti-€> Of re-

l Di ! Jd I .. Jlti!, ff 11: 11 ifl ·• 1'I t #cf 1 j(lj tt ft ( ; LI !N 

A ltfl r D 1 n. • 
12'. 

;. 

/ 
I 



~5 
o.f l•• v · 111 · s6 .ha\ no ph 1 · ah1tt exi:stea.39 · 1: h1n the 

p ,rt· n .. ·udie~trequency ~- . !EU1 . 

·x.n • . ·Dl11lll ea ner t>iv·e tee h ... ck to the . .xp rim ntr 
al traru,m·. tt. r tbe .ud1o 11\pQt, w a ,adju.sted until tht out · ut 

••t th · -~ d1 .tn u nor s i&g · was ·eompl t,elr mo<lttla.te4 bf ob­

tervUig -. efl. hod -r• y o .01110 <eo e . Then; t db ek, . , r et1 .... 

· t1 ple f . h . i-ad.1e-f ~ . :u ncy •t11tpu t. is in troduo~< n ... 

o tb - in ut ot the modul · tor amplif1er nd inc~ . ed ttnt11 

·G c111 t.1on t . •a place · nd tl\ta haeked off Ju.et below th 

· po1at ot osc1llat1on. "the ·-•41o input to th• tnod.u1atox- am..­

pl1t1ei, ts r tl d un 11 the tre.n.smt tter ta i o uls.te . 100 

· r cent 1th degtn r ti . e te d.'b. ok. the .. m iint of ett c­

t1v . te db · c 1 de · l1'm1n d fro. the d1ffe·reno 1n d.b S· ~ 

Ung ct th a t •ll tion bo·~ tei- th u.d1o-frequ r?ney 1np.u t 
· to o ul· ·toi- ampl.1t1 :r 1th · Jl,- . : 1tb0ut 4$g@nerEtt.lv• 

:t ' 

btlt 0$01. 1 

t I-

1r• o , av ) ' db ot ftectlv t ed-

lw 1s o ,o r •or .. th · prim nt-. 

· t , e4 -, c · · r . a · r th • l7d'b s1nce the· 

o.t th mo,dulat .on t o. orm ·r w t.~o gr at. It 

ol 

t th · 

g~1- 1 

t 15 ·h c db c utfi 1 n to a mon-

. P .. 11. at1 n to th 

_i _ • l1'. F1 ... ure 13 :h · tb. re. 

(pl'. ii'- Ell" ·1 t ?f( I · .: SI _ 'It 1J fl.1' lf t11r l . I L If \1 qt .¾ 11 i JP IK Ml: Jt - 1 ) I I @lit • . BIi Q1 lt 1 t Jg ,iiNI · 1 l Wii I F f t\.'I; 



b·a.Q ·.Jui ei,orut1d, · •Pal>le lfi.\l>~ov . ffie,nt ca.n k o'bset'- · d ov·•r \ho t 

et rvee n · 1~ -r 12. Cu"'1e A :r pr :.s• . nts com* lete g71d modu. 

l tiaB; ourv ~ B, 40 p :r eent g'1ld ~ '8 per een\ platt mo1u·1 ., 

t1on; and curv· c, co- ple• • plate · o. ul .ti.on~. Ot.tNe - to.~ 
the othe~· two mod a of grid pl t - uu,aul t1on w·ex,e n.ot - bcwJ'I 

e1nQ · th y ell 1t 1n the li 1t1ng OUN · A nd C d ·d Ou.la 

h .v con.fused th . gro,1p ct otiM· . a . 

Ph - e lh1t\ ·Ch r.act r1. ties wh1oh lia1t d the . 0111, -

of' eedb ~ ck 1t· re ate: . ure and fotlnd te b net mo.re than ao 
• t r · es for both th l:'· 410 tre · u · ne.:, ampl1t.ier nd th r,h · t 

tr 

ph 

t, .r c1rou1t . )r t-ie.t\lly a11 the ,Ph ; · 1et,ed 1n th 

hown 1 . f 1gure '14 ,, ·curv 

- hl · t · 1thou\ n - te~db· <al$; nd. ettr 

• ·-preetnttn. - the 

I ant C .1th 

and 15 -b ge · re,tive te b ck. -oeat vel;r.. Th ta tbcd 

me · i-1-ng h. e b1.tt w · ic u a c e o1llo-

sco on e ot l ct1on r,l t s O· nnect ·d to. the 1nptt -

m dl la.tor mmpl11'1er nd tb · · th· t -of , •tl ction · 

t to h · o, put t -. t , b k r . c if1 r--. 'lb. thod. 

ns the ob-. erv . 

eill co er - into 

:1x V. 

ll1ps ._ produced on the t - th.o-de 

gr e ot ph e hit 1 dt.., 



........ 
t 
(lJ 
\) 

l 
cf: 
t 
' -
... 
..... 
(:) 
.... 
'-
l 
' I -; ., 

"' ..... 
· } 

-} 

.... ..... 

:::z-

/2 

// 

/0 

5 

8 

7 

6 

5 

4 

3 

2 

I 

v 

I I ---- I - 1- -------t-- -+------+---;- -+-t-· ·+--+--- -· ----- -+---;-
··4 

+- ··-+-·- ---------

+ 

1 --~ I :=c-- ---+-: --+-- -+--+·-

~ -• ; : - - -- I 
-+--1--4-r 1 ·---------~---

! +--------
' ---

.l -+ -+-r. -- --- --- --! 
I . I __ ---+ - t -· ·1---7- . -
! 

+- __ j__ 

4-
I 

! 
i 

I t 

I 
~ 

l-; 

t 

--------------~~--~~~__. ......... ____________ ~-~-------__.___.___.__-+--
00 2 .3 4 .S '- 7 8 I 000 2. ..3 4 S 6 7 Ii t (J 00 0 

ModL-1/q l-i'ng Frequt? nr· y tn C yc /e5 J-J E?r -5econd 

Curve 
Cur .. .,1e 
Cv1rvt! 

A - 10 0 per cenl 6rrd Modulaf,on vv rth / .. 5 db Fee(ibacL 
B - ---1-(1 pPrcenf Grr q '- 60 P t:1 cenf Piaf@ Modulaf ,on w1fl-, IS db ~,:, Pdba ci 
C ·or 1 p0rcenf Plc-1fe /v10Jt-1 !af1or1 w 1-fh /.5dh F~ed back-

FL7 l .J -- D1:'>fort1on Charocfer ~. "" J( C,r,; PJcArc /'vfod'-"'lcrl-1 011 W1f-h f ·qedhuc-k,. 

~ 
-'1 



/20 I I I I 

\J) IDS I ! I I 
Qi 90 --i- · - - ! l I j ' 
~ ~ - ' I I r ~ 75 --- +-- + - _J_-+-+- I I I I I ~~ -r---t-~L-.- -

·- ·--- --"1------ -+--- -+----+ --+ - -+ 

--f- I -- - -- -L - --------- - -r--·-
l 

I l ... .. _ C) ~ 60 
'-1 , I 

I ---·-- -+--- ---· ---· -+------·- -- +----- + --C:: 45 
...... 

30 I -- - - ------t ______ _ 
4--.. 
~ 
" 

15 I ..........L: - ---- -l - - - ·- - -t·- - -· __.,_ _ - - -- ·; +--
1 

-C,' 0 

V) IS - ·lT---~-+-,1,11 ;-·-~ +~~-- ~ ' 1 ~ c 30 l-t-_j_-- ~,-- T -- -- . -- 1 t·---~ (J 45 I .\ _ _ ·t1-- - ! -·· f -(\ Q., ' - -·· · I ; "-- '-J 60 -+-+- ----~-- -- ,--- --- I 
I I 

75 

r 
1 
' .. J 

/00 2 3 4- S 6 7 8 /000 ? 
Modulctl-/ng Frt?quen cy 1n Cy c les pe 

--· l 

'I 
+ 

3 4 5 {, 7 8 I 0 1 00 0 
Second 

Curve A -
Curve 8 -
Curve C -

Tola/ phase 
reifa/ phu5P 
T0 l-v1 I F'ha.c:;P 

sh1f'f w 1lf-Joµf ft:1eJhack__ _ 
.s h I f'f w1 lh 8 alb /'eed back.... 
sh I Ii w I fh I 5 r,,/b f'ep d bac.,~ 

Frj. /4- P l o ,5 P. Sl11fl- Characler-isfn:.,,5 o f Exper 1rn en fal Uru-J f)/ .,. -i-p ,{/odulafe2d fran.smi ffer: 

.p. 
0) 



a . a lat ,,r,.o~ as tc tr ~Q- no7 41 · ·ori on. 
ah ·. · - ·o \"be 1ft. · .. · hun l oa,:;'1,oi ~-tJ.e• .ro"a 

th !ht , : ·04 0 1'1-f-'i . pl.tt tn-Odll• 

t<r.tl , ·1 , . · nd:1 ft · t• if-.ta-1,ft. ir ti v : rl. ti O'h . , 
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1mtni · , r · 1·. tb$.t'atrt ,1 · tie· ! . !!t:ttft.ci .. n\11 
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ng 
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;o 
t!.e 1,n ot ope~at1ng 4ll0nd,1t1ons b7 a.pprttxlme.te s.@lu.\1on, 

opt:rat1ng tJh~traotei--1-etics w1th the · pplio.atlon ot 
d.egene;r .t.1v·e ft, 4.baok. l t · ppea)l'·t frori the wo~k th~: , b m 

be n done that grt4-plate sratem ot module.t1on h s «·t. 
1n1te possibility to . 1, .1.ie tion here high qu l1t1 \r- ••• 

i ion 1s r ·· · u1red. 1th lo 1n1 tI1 , . cost ot e0t11 · nt . n4 .... . ~';, 
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1gu:, . , pa · 24. 

· o obt· in the tundament .l r dio-trequenc.7 oc pon. 

nt, of h pl t Ot:t . ent pu'l ·, · · tt .tion (5) is mul tipl 1.e 

, ~ by oo · /3 . · d. av ra : v the 0101 • Tl is itesul ts 1 
/-3 = f) 

Ip = 4/f os /3 - e,os f!J cos-4 ~ ( 9) 

" 

Div1ct1ng qu .tlon (10) by E4u .t1on (7 ), e ll' Y th 

r :t o of tu.nd n.tal radio- ·q~Jen.01 compon nt of C<urr nt 

to the m . 1 • · l 1 • 

Ip _L 2.. 6J -s 1n ze -4cos I} .:SIM 0 

Y;,., = 27Tx I - cose~ 

e onent o.th . l1' th n un1t7 th tollo 1ne; e ~uat1on • 111 

produe. t r ~1Pe re ults, 

(ll) 

(12) 

{lJ) 



CALOULA!IONS ,OR OLA $ C fEIJCPno •· GRXD 

DUL.A.TED AN. ·LIFIFJl 

f()r g~ld-mod 1lation s · l'V1Ce ct a elaaa ·0 P dio. 

frequenc1 po r amplJ.f 1er; tll.. ma 1.mu r ting for eal~ul.~ 

pli 1 r e lo ·-
pl1e . to the gr1 · Cil'Ot 1 t. Po~ th .· type 10 tt1b · ,use . 1n 

the ~per1m ·n\ l. tr nsmi tt :r, the nuuc1 m rating · · or ear-.. 

1 oe·1 t1on re: 

Dir ot plate vol ta , ~ :: , -oo volt . 
D1r et Plate Our~ent, ~ : 50 m1ll1ampere · 
1Not .. ctt.rr nt pl.4t o ire·r ~n.put, P. I. : :,o w tt 

Pl t i ,ss1pat1on : 20 att 

or gr1. 0 ul t1on e p 1s c.o s1d - .tt:r t., 

u.s, t h b 600 V lt lb """ 00 1111 . r' -S , t -
ince 1 u'b t. the ·or th · 1;1 1 yel.. , and, eut-

t a • · 1 9 : 90°. S,. · -~ . 24. l . 0 / I . )19, 

nd IP / I = .5. 

l - l 

J t L i t . J I . M L J l; CJ t U 1 ¥ l I' 1 I Q ~ ; If . I ' a _, t •N , , ,,. · r · 11 cl u « ·• n 1w ,ii 

41 
...,..,..,.,~rs_ · l ...,0~• ..,.O_i_t ...... t p. 67. 

56 
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. · om . h \Ub oha~acte:ritat1e 0t1rvee, Ftgu 16, 

~1 um current po· .nt. of ;14 "11111 mJ:>·· r• · i found on 
th . tt gr·. a pl::~t.: voltage line. 

0 
~ 000 ~ 140 = 460 volt ' 

0 : 600 : 75 volt 

·1 .: E0 + g max ~ 75 + 140 * · 215 volt 

• o. •· l/2 I 10 : l/2 ><. 0. 157 " 4-60 ::· 36. l att 

\lr o .r 1 .r · ~' rauon, 1¢ an ·tp m.u t b cut to n 

. 1f p · · A·c . ordtngl , tp • 157/2 = 79 mill.t 

r . , n :: 60/2. = 230 V"O i ·• 

1 · 6 

~ ng o t a,g o1n • Fro, · F , p~ge 24, 

t 

X o 

{ 

I I rn =, o. z ~ l . / Im - , • 4-

Ip _ ri9 
0_:q - o.4 · 

.~ . • 2} : 96 X O. 

=~ 60-
t b ri i 

r· n 

r 1 max. l to 55 

- r '- t. 1 

111 mpet--

5 ffli 11 

270 olts 

1 . r 16, 
th l?... . 

.'.'""'D mrn 

• 

t . 5 

lt --·- 1m .1n th 

n n r vol 
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Average P!afe Charac~er-1.sf/cs 
I 
' ' 

3b0 ----f- _ ---'--.-

340 

3ZO 

300 

c.80 

c.60 

c..::to 
tJ) 

Qi 220 
l 
Q) 

Q200 

t 
-~ 180 

...... 
'--, 

'- 160 

~ 
/40 

Qi 
'h 
~ IZO 

~ 
100 

BO 

60 

"10 

20 

__ I----_...,_ __ _ 

1 

' I-----+-- -+--

J 
t------+-- - -i- . 

--+- ----
1 

I 

l - -r-
1 

I 
I 

--i 
i 

0 /00 

0 
I 6 0 -~--+-----+-----'---+------..--+-----4--------, 

0 

0 

zoo '.?00 

· P!ofe io1fage 

Type /0 ! 

i 
££ = 7. 5 volf.s d c 

I 

..500 600 



c :rr1 J' oond.1\1011. 11, 

le : m8 • •cmax-~ 21; - 55 = 160 vclt1 
., 

C:o f.£ t=.o/ 0 · me = JI + (, 3 - J/ J c.os 

th angle ot plat · current out-o · f i · 
£. - E_b 

e -I c J-1 -/ /60- 75 -I 
-=- COS c _ E..o = C05 Z/S- 34 = COS 0.47 

~ -JJ 
8 = 6Z 0 

fhi valu · ot eii·tr-ot an,e;le s a , .-ti.&f .eto 
. t a m v lu . 

o er oitput = . /a .,.._ 0 . 07 x 230 = 9 . 0 t 
to r input ~ · • a45 )(.. 60 !7. o att 

r c · n Et· 1e1 -ncJ = j . 0/27 -,... lO = 33 per c nt 
um ,ey: o ar.~1:~ eon 1ti~n$: 

Et, ,. 6 volt · 

·de 

· mQ)( - 55 
: 160 it 

: _7r;_ olt · 0,ea le. 

• . - 9. 

• 

.t, 

t 

; 33 p r cen 
E. 0 = z-ao volts 

• 



AP11lNDXX XU 
OALOUL TlONS ,OR QLASS O TEl,lffiON!, PLAT£ 

MODut~fi:Jr>' Alll?t. lFIEl\ 

for pl - e mo u1 -te - :erv1o. · - o-r . rad10-tre.~:eao7 

po r -. l1t1 r the maxtnlum ra · 1ng1 t$lt-.;n. ff\om . tl'e.fl m.11~ 

ting ·tub btllle\1.n tc,~ th · t - pf:l -l.O tubt ope~ ·ted 't __ ar~1- -r 
l vel; 

ton , 
,1 2 

' 

-o 

J)1reot :, le~ - vot-t · ge • 500 'V'-Ol\ 
D1r t, plate cn.u,~ •t : bO m1l11amp r 1 
D1rect-Ottt' nt pla -e po r !~put, P_. X .• : ;o w tt -
1r Q · - 1 _ a1p t1on • 1],5 att, 

n o~d r- 'ho , bt,.in r · a one.bl• Ch:~r-~_0,t ·:ri tie ftto:m 

n 

d .. 

l 

-·u ed ve:r l · im a * 1 tb -1ft -i, nt vallll 

tm tl th · ro~ ~ ef · o· . no .t $r .t1on 

In o-d r to h . w n1 - ones· t to lo 1 -

t,h 'b volt, -- is 80 ·vol _ ; m imu . rmi · 1, 1. 

6. · gr e l t cu rent 

X :: % efo. 21 - 5/0. 21 - 207 . 1ll1am NS, 

6 



f m the U.b$ cna.~$ot .. e:r ~-tics, F'igure 1-6, th 

1 tt nt :b~icca · ·nter ot . t,h equ l gr1 - a id 

lin at 

V -l t • From. .,hist 

• . g mat.+ I _. • · 1.00 + 1go : 2 O volts 

1 th fro f · a · 1 •. 

-i(Ec--Vb) -1 IB0-6'3 I} = cos _ _ _ = cos ZB()- 50 r:- - E..o 
~!J 17 

-I 
-::: cos 0. SI 

& = 59.4 ° 
s o c s 1th th int t,1. e t · .at n ·· 1. ,- at. 

t e ory. ben, 

I • I ~ • :,s6 = 2 7 )(. 0 . ;i5 = g , i 11 .Jll. e s 
P. o. : 1/2 xo.o .·o·x tJ.o = 16. o tt 
J .• I . o. 045 x 500 = 22 . 5 . ti 
'f, 16. 0/22. 5 x lOC.C 71 r a · t 

t o , 1 .tion 1 t k1 g l o . t . 1 t 

vo t · · o h tub 1s . oi b . d fo no d1 to~t1o~ incl ': ding 

plat u:t' nt X'b an •,h :r 10- · · ~ency- vol tag : • 'fh .s·e 

. . r ' = 000 volt .. , = tloo vo ts , .an 

1 - 16 l • 
t t p en i 1o tr lvlu 1 a um ·· 

. un· to b · 7 de r · e f¢,:r · u 

p . 4, Ipft .. o.44s. 
I = / . 44 .· 16 ,/o.44 · - 356 m1l11e.nip r • rom 

-



E . = 1000 - eoo 3 200 volt • P n11n 

Th ,n t ,· m tie t,ube cha . . oter:1st: c, carv~..sJ, the 

lnt-r · ot1on r the 3 6 

Ep m,·n200 volt or in . , 

50 vol ,s. ~n.ce th g. d. 

fre ~uenc amplifier. 

50 volt 

I - · Le: mil 1 . :oerea do •. '":J .. 

F :: 28 volts 

-0 ... 

: lo ol · 

0 V lts 

,,, • o. • 1 . tt 

t, 

' = 71 r cent 
" ..,. l~o ol t 

-
n , urce r .. jw, n oon .... 

ii l .. . , I . l ti •• , 1 . UC t f _, .. . t . ; .. , L C i ' ,, J 1il1,111 a Q , Ii ts A@ld t ~ ., .. , l ~•i - I ._ ft ;I · . 

1 



volt ~es u to $00 vol peak,~ 1th min1mum am.ount of eur­

vent ,tr m the s·ouroe beingi me.asi1re . and a mini.mum m(}unt of 

v euum tube vol tmete:r s con tructed 

ina none va1lab1 with such eharao .eri. tio .. • !h . ccn-

. ruction 1 s. milar to that by Mr. W'aller43 1th the $:X:eep. 

tton th.at high r volt gee are me aur d nd th 1nput oapao.i-

nc 1 lo 

s .ct1on 

t 1np t 

ty-oe 55 tube is ed inoe riode 

1th rad:lo.-f ou . nay bridg gives th lo, -

t nee t th reee1v1ng tube olas ·· • the 1n . ut 

p cit nc • measu · d. to be 7 fl?fd 1th hort 1e a. Th 

i tru nt is · on th s11 -baak' pr1nc1p nl w s 

C w1 th a 60 cyo_e · 1gb vo tag ouro u 1ng a .. tan-

dar vol met r up to 750 volts. _ ao tlr ··er m y cbang -

h 

1th 

to b v r l. A sc em tic J. gr m 1s ·ho n n igure 7. 

3t. c. 11 r, .. ur A .- 110 ti n of th l t· ic 
X(Oetober, 1935), p . 35. · 



h(; 1 f<4 - / rnr:!ryoh n, 
1-?2 - Z. 1negohrr; 
P3 - IOOM Ohms 
l<s - /0 M ohm /0 ~ar-f 
Rb - /000 ohm var-
R, - 2000 ohms 
RB - 400 ohnr var 
R9 - /OM ohrrr var 
C1 o 001 }' -fa rr71ca 
Cr. - o 0001 ~I'd m,ca 
c~ o. 1 ~rd. 

64 

Type 2£5 

Ra 

B -
_____ __o B + 

400✓ 

,__----~-·.o B 

Fig. 17. - ..Schernoftc of Yae,,uutn lube VoJf!Tlefer 

I 

-· ----- .. . 1 
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1 tions 

It o a nu.soi ial voltag a1 ·of d1ffer.-n . phsse re­

pp11ed to th defl · o,t ion lllit s o ., 6 .th.ode-
,·. 

·1.ght ang 

: . on ti · ·or'& n 11 

· to ·· oh·otbe~, th 1gure 

L1 ea.Jou Figure n to m Of · n 

el 1ps . • Sine · the ell1p 1 d, te m n d by 

a gl 

.1 ls to us., 

wo applied '1ol tt-.ge s _, 1 1 e po , -

~non o IDfH.:\ uring th.e angul r . h ·se 

el tion . to · he 

flect1on . l · .e ar. o the s ,,m magn1 tu.de s.nd fre ll ney 

b q tit>n o th . pot ar 
X=Astn {w-1) 
y-:.B ~,n(wf+aJ) 

t y-= BCs,i-,(wf}e,oS fJ f CO& (wf)s,n) 

== B fs,n Cwf) co& fJ -1 t/;-.s,i-i 1r,wf} (s,'n O )7 
-I 

m ( 4) 

(17) 

\, ' 
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Substituting (17) 1n (16) , 1ve:e 

-X - ~ ,,.OS 0 =-fl-.3 . ..2 ( ~t"n f}) 
B ;, ' ·, A V / AZ 

·sou ring ,;.nd eomb1ning t :rm.a 
..., - Y' .... x~ 1!:) ' . - +- -wXY co.s&=s1n~(i JIZ B 2. AB . ' ' 

th th a n1tude of A and B equ l the qua 1on 1 

1 p11f1e·d 

- . ; 

(19 ) 

wb · re x enc :, a1", the coordi'nates of t e pain · P in Figure 

1 ; , the ·m:;-1 • tu OJ. the defl otion v.lt. ge, n , <h 

e e ngl e b t· .. ·n t~ e e · , on nt • 

Ci ng1ng th . fortn of qu t1on (19) into . ol r 

tl<>Ord1nat,, an impl1fyirtg )§1V a 

8 

re, • 

ro 

, rin 

t C 

,-z._ ,-z s,n ZP< e,o.s IJ = Az. s,;, ~IJ (20) 

o n the F1 ~r 1g 1 t . y b .. • en th t h .n Ci\ is 

the ra .1u r 1 on half of th m. jor .. .. 1, n 

. lY r 0( 1 45 ~ re . 1 th ; th 

h l of th rnino ax ·,f th~ · 11 

tt tin the . · lu. n ,us.t1on (20) 1ve · 
a 2 a 2 

LJ b 2 oz 
4 

- 4 ~cJs C7 = 4 + 4 eos 0 

ch 
af. - b {! 

~" .s (J == ~ (21 ) 
~ I + k,Z, 

1· th ... h se e.ngl · c n b. d t~rmined by 11 ly m 9.,. 

h Jor and in x1 of 1p pr ·uce n 

ho ... 0 cil oacop an ub t tut1n. th V . u ' 
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in equ. t1on (21). Eaoh signal to the pl a ;tut mus - 'b of 

the tame e.mpl1 t>ude and as tree from di Sttor·t1on · s po . ible 

or e~ror w1ll result in the meaeturem.-ent· • 
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