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A .tuned plate multivibrator 

.. ' 
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Th(, c'\l'uncnt ... l <it'l-a)' of ttw \'ohil.ge 011 a 
l'\lI1dellSCr di\chnrgmg throll~h a n,'S lstanct: 
1m!> long bt'l'n 1I\l'd .\.!o a .\hlp-w.lleh to IIW.Jll 

me tUII(' intC'n al~ hf')!illllillg at the start of 
the dililh:lrgf'. ~fally types of inuit i\;Ur,ltors· 
Cmpl(ly such "mtcr\',illimers" in thl'ir opcrJ.' 
lion. At w'ry lugh fr('qtll·nuI' Jo., Ilo\\ (;\('r, pre
CIS" tinung bcc:onlt'l> diffkult with a simple 
R·C di'id\ilrgt· circUlt. and ill rt'CClIl ),('af!. ill
ciuclan('f'S h :I\'(' be'f'lI 3\!>OCI,l tcd wit h the' d f · 
cuit to ('nhanCt-' the timing d('(.Ur:I('Y. Thl.' 
radar range umtt alld tht.' I'C\I dt·(.oocrt 
nrc ('x:unpi('s of II,i<; use of indllt'I,InL'l' with 
II -e circuit .. , Pllhc duratiom as ~mn ll as 
0.4 j.IS W('H' rC'quirt-d for the bUt-' 'y~tcm 

In r (!N'll t e\'lH'wnt'nta l studjC's of tinw 
til\'ision multiplt'x J.ystcrns ('mploylll~ pulse 

". 
" .'1-,1-..... Fig. 1 TYJliwl aT' 

rangclllrnt (J/II multi 
oibrfltor cirr"it . 

modulation, howt:\'cr, frcqu(,lIcics were re
,\uin:d of o\'cr 18 mc and pulse d urations as 
~ IOrt as 0.02 ItS-a n in tf'rv.l l so shOtt Ihat 
light- ,\ hich woul(1 c ircle the earth more 
than seven t imes in a second-travds less 
than 20 fl'C t. At tllesl' freqll cncit's and pulse 
dura tions. in herent limitations of tilt' fre
fJwmcy ra nge of a typical multivib rator 
ci rcuit reslrict its usc. It has be'en gellerally 
necessary, thefl'forc, 10 employ a nf'W type 
of Jnllit ivibratnr ·thal has a capaci lantt. an 

e'b:COIUI . Selltemllc •. HJ.l3. IH'ge 19. 
I RU.QHO. }U!'l£. 19·17, II/I~e 234 
: REC..oHIl. NOl,C'"lIt" 19-18, page 455. 
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iUU UtlallC1..'. and a fe'('lifu'r or till' \;lri,tor 
I~ p..- i'l I" pl<llt- circuit . 

\\,h)' tilt· ordinary IIIUIt 1\ Ibr.Llor ci 1I'IIIt iw
t'OlIlo::. unsat.sfactory a t Sll( II bi~h Irdjlwn
(' to's will hC<.'()ln", .l ppart-'n l on a hri{'f .1Il.dy~l~ 
uf IILcaCli\ll1 (If ,lit· l:ircmt ShOWl1 in Fi~Urt: I 
[II this l' lf('llil Ih(' fn-fPU:'U(: of (15(.iJ\,ltion j~ 
ill\ crSt'lv proportiOiMI to Ill(' $1111\ IIf th,· lilll(, 
('om.tanh luc;t amlll~(I . allti i, aho tll'pl'nd
('nt un til(> I uhf' char:H:r{'(i:.llt~, till' l'i(ou rod .. ' 
\'0 1t a~u, ami other rl'maininJ; ('iteml ('nn· 
~t:lllh At hi!!hcr fr(,ljlll'lIt'ie" wllt'r!' H'n 
'1n.L11 tinw cOII,tants arc' rt'<IUlrNI. (Ii(fk'ult~ 
i~ !:'tU UlIIIH' l'I'd in (jht,jllill~ suffl('i,'ut amph
flt'.lflull to ('nahll ' the drop in \"(JIt,'~t> trailS' 
ferred fmlll tilt' plait' of 0111' tuh(: to till' c:rid 
of ,hI' ot hl' r tn t1ri\(' 111(' ~rid bdmv (lltoR 

SUP]>"'S, .. f(.r l'X.lll1pll' , th,lt in nnkr to 
IIL.1k(' fllC:! ,.nd II:!( :I sm,ill l'n{Jn~h 10 pro

dm:e tht· d('sin,d owi1latrOIl fr.·qUI·lIl"·. ('L 

alld (2 aft' each <,qll:ll tu til(' f'frl"tli\1' t.;rili, 
to-cathuul' 1.IP;\t:iI,IIlC'l' of Iht' lul)(' u~t'(1 
'11wll nnl" half Iltl' \ nlla!!e ' tle\ ('Iopul at Ill(' 
plate of Pili' t .. il(, i!.lr;lmmrtll·d to the "ppn
,il t' grid. and Iwit:t> :1' mudl amplifk.ltion is 
1\{'Ct:'Ss.lrr for lIIuiti\'iilmtor a('tioll 'It thr 
proper frl·q ul'llcy, Unfortunalely ,L I oscjJ
la tio lL frcqlu'udl's wl1f'rf' the c..'tlUp1in~ 
mpacit:llll'e is 1It'Ct:ssn. rily as small as Ihe 
tuhe C;\p:lcilauce. a high "ollage dmp at Ihp 
plah' is difficult to :lchie\(". This dimclllt" 
Ius now bf'cn OVNCOiUl' In rl'plltcillt; thl' 
plate rcsist:lncf' lo.1d of th\.' Illllititihralnr 
lubes of Figure I by a p:ltalld comhilMtion 
(I f an induct:lIH-'C, ;1 (':lpadlanct', :lml ,I 
\ aristor r('<:tifier as shown III Figuff' :! Thl ' 
resu1till~ cirCUit, a lthough Ill'a ring ,I supc_'r
Ilcial resemhbncc to F\gurf' I is quit{· <hll('r
t' ILt in performam?c. !fere Il lc fTl'qucllcy uf 
osclllatiOIl iN dt'lt'rmin('d pnmarily hy Ih(' 
rj ',loonauC(' uf ind uct.ule(' anti cap.ldt.mcc ill 
the plat!' cir<:uits of the two IlIbl'S. h('lI('C tlit' 
1111111\' tu ued plate mu lti\ ihr;lIor 

" 'Iwn Ihe' grid \'OJtag!' of .1 lube h.l\illg a 

B,-U LAboratorie, R ecord 
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capacitance and inductance in parallel in its 
plate cin .. 'lIit becomes high enough to C'ause 
current to How, the circuit will start to oscil
late at its rcsonant frequency-c:urr{·nl 111 the 
('xternal circuit starting from 7,ero along 
the IIcgath'c lobe of the resormlll cycle. At 
resonance frequency, the impt.'dall{:c of a 
parallel circuit of inductam .. 'C :md capaci
tance is high, and thus tbe amplitude of the 
voltage wave is large. Since the couplmg and 
grid leak resistances of Figure 2r1ay no part 
in determining the frequency 0 mdllation. 

Fig. 2-T!lPicol arrangement of a tuned plote mwtl
..,;m.atOf', 

they may both be large, thus penn ittmg the 
large negative voltage developed at the plate 
to be transferred to the opposite grid with 
negligible cbange in either amplitude or 
shape. Moreover, the timing becomes much 
morc precise. 

Assume, for example, that T2 of Figure 1 
is conducting aod that T1 is not because its 
grid is below the cutoff voltage. Capacitor 
Cl will thus be fully charged to voltage R. If 
the grid voltage of TI is now raised above 
cutoff-by means that need not be (."Ollsid
cred for the moment- TI will suddenly start 
to conduct. The resulting currcnt through 
Rp , will instantly drop the voltage at PL to 
some small voltage Va equal to the drop 
across the tube. The temlillal of capaci tor 
Cl thaI had been at potentials will suddenly 
be lowered by the amount B- Va, and since 
the voltage across the ca pacitor cannot 
cha nge until the cha rge changes, which re
quires tiple, the potential at the other termi· 
nal of CI, which had been zero, will drop to 
-(&-vo). Since this is well below the cut
off voltage, T2 will at once cease to conduct. 
At the same instant , Cl will start to dis-
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charge. and as it does so the vQltage at g, 
will rise towa rd zero following the exponen
tial curve at the left of Figure 3. When it 
reaches the cutoff ,ohage, T2 will start to 
conduct. This cuts off TI just as the starting 
of TI had cut on TZ. 

The half period for slLch a circuit would 
be frOIl! the 1)(Jlllt t . of Figure 3, where tube 
T2 starts to conduct , 10 the follOWing corre
spondiug point wllt' rt' tube :n agatn starts to 
(.'o nduet. It will be lIoliced, however, that at 
these instants, the \oltagc on the grid is ris
ing slowly, and thus any slight variations in 
the voltage will make a relatively large 
change in time. The precis iull to which the 
frequency ca n lJe Iwld is limi ted by this fact. 

With the ci rcuit uf F ig:ure 2, 0 11 the other 
hand , the \'oltagc at g:l' after TI has started 
to conduct is as shown at the right of Figure 
3. Instead of dropping suddenly aud then 
ri sing exponentiaI1y as in the left-hand dia
gram, the voltage follows the negative lobe 
of a steep sine wave. Thus, T2. will be cut off 
almost instantJ),and will remain '-"Ut off until 
the voltage again reaches the cutoff value on 
the rising side of the wave. At this point , 
howtl\'er, the curve is very steep, and thus 
a comparatively large (,hange in the ampli
tude of the wave will have a comparatively 
small effect on the time at which cutoff 
occurs. The timing is thus relatively free 
from changes c."1used by variations in tube 
characteristics or electrode voltages. This is 
in cont rast 10 Ihe circu it of Figure 1 where 
l"lOSfer is effected at a time which depends 
!,1'J'eat ly on such faclo rs as tube character
istics and dectrode \'all ages. 

I 
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L 1; 
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Fig. 3- Plot of voltage at g. again.rt time: III the left for 
the circuit of Fig. I, and at the right for thot of Fig. 2. 
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Fig 4- Plot of " lor ' WO uallUl, 01 LIe . 

The oscillating (rt.'quency of the plate cir
. cuil of Figure 2 is g iveu by the exprcssioll . 

1=_1 
2< 

I I ( I ) 

where" is the parallel combination of the 
tube plate resistance and the resistance of 
the recti6er. Included in c a f C the tube and 
wiring capacita nces. white the resista nce of 
coil L is neglected. Oscillation will ocrur 
only when R is greater than v"L'/4C If 
equation ( J ) is d ivided by the resonant 
frequency of the tuned circuit to. where 

fo = 
I 

2'11" \ LC 

the resulting equation becomes: 

iiI. = ' I _ --=- . _ 1_ 
" c 4,,1 

(2). 

Plotting R versus fi fo for different values 
of Lie yields curves similar to those of Fig. 
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we 4. It is apparent here that if 1\ is suffi· 
ciently high, the oscill.llioJl frequency b 
relatively independent of ft , and is \'er), 
nearly the resonant frcqll(, IICY of the 
tuned circuit, 

Since II incl uclf's the rcsistan .... -e or (be \ a ri)· 
tor, it is not constant. It will be \ ' t'ry small 
when the cathode of the yaristor is al a lower 
potential than its anooC' and vcry large w li t'll 
it is at a higher potentia l. The Ilcc..'f's~, l ry 
con ditiull h l r o<;cillahull IS s.ltis6cd \\ h('11 
both the lube plat e rCSI. .. la nce and 11ll' 
\"(lristor resista nce a rc high Th is occu r" each 
t ime the tube Sluts to rond uct At the cne! 
of thc half (.,)'cl(' oscillah oll , howc\ c r, wlu?II 
the vnltage of tbe J,,]u tL' sta rt:. til risc abo\!' 
+ K, the varl slor im p('du IICt, heL'OI nl'S lou-, 

lIIil king JI less thun \ L.k. Ihm p laci ng 1111' 
(; Ir(;uit in the nonoM;iIla lory (~lIld it ion O,t:11 
latinn thus takes pLtu! unl), u\t.:r the nega-
tive half cycle. • 

This change from the OSCillatory to till' 
lIunnsciliatory state occllrs a t the time the 
currclJt III the inducta ncC', and helll.:c its 
stoTed energy, is a t a 1O.I" i lll llll1 'a lue. Before 
anothr r oscllla tion C'dl} start , a large portiun 
(I f this ~torcd I.'Il(>rgy must be dil>sipatcd . 

-, 

CO .... , Jl Ot. 
" II'S 

--=--jIm-

L-~ __________ J-__ ' 

,., ·'lJ V ,,·, 
(el °V --C.Ul-:.O;-ii-hV---- n

• lZ - i:1 

(" I Jl n t 2~ " 
Fig. 5- A bane tuned pltue multivibrator c ircuit, 
aboue. and operating voltage grtJp}.." below. 
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Fij! 6- A tuned " laIl' lIlu /livl/wator circuit a.J wed to 
.,, '('ur£" frequency dmiSlVr. at high freqllcncie,. 

Since dissipation ta kes place in the resist
ance R o\'er a period of time proportional til 
1,,/11, it may be necessary at high repctil i,m 
rates to a("('t'it'ra le Ihf> d issip.tlion o f t'nergy 
by the ,Hldition of resistance 10 the dis· 
dl.lTgt: path. 

The baSIC circuit of the Inultivibrator of 
Figure 2 consists of a single tube With a 
lUlled plate load. It producl'~ a ncga lt\(' 
pulse cli eh time the tube lS dn \ (' II fro l ll 1I0 1l

conduction to full conductiun by a steep 
W :\\'C front. It may thus he used for pro
viding a sequence of short fla t-topped pul ses 
by the addition of a tube that tl1\crts the 
polarity of the pulse and clips off its rounded 
top. The operation of the circuit , shown in 
the upper part of Figu n ' 5, IS as iudlcated III 

the lower !>tlrt of the diagram. TIl(' inpu t to 
Ihe grid 0 Tl is a square wa\l'- ~hvwn on 
line ( a ) - of ~ufIjcient amplitude to swing TI 

from below cu tuff to zero grid. 'me steer. 
rise in this wave stdrtS ti)e oscillahull ~ hi l I 

lasts for just a half cycle of the sine wavC;! as 
shown in line (b) . 11lis voltage IS transferred 
to the grid of 1'2 as shown in line (c) , thus 
stopping couduction of 1'2 for the duratiou 
of the f,ulse and rcsultin~ in an oUlput from 
n as s lawn in line ( d ). The length of the 
"on" time of the input squarl' wa\'e is not 
critica l, and may be of longer duratiun Ih.·Ul 
the output pulse. TItis is d ifferent from th t." 
usual singl" -Irip Hm ltj,,;bratnr where the 
duration of the tripping pul se IS lI llorl cwn
pared to that of the OUil}ut. Pulses of very 
short duration as well as onger Olles may be 
generated in this manner. Using 6AK5 tubes 
for TI and n, an inductance of about 510'-" 
for 1., and using tube and wiring capaci
tances for c, a pulse estimated at 0.02 pS in 
duration was produced at either 8 or 516 kc. 

The spcctrdl analysis of the sequence of 
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pulses of line ( b ), when the resonant fre
qucncy of Ihe tuned p late is high (.'()rnpa rl'd 
to the repetiholl frequcncy and is.1 multlplt
tht·reof. shows a fa irly e\en dlslrihnholl of 
h:\rlllonics of till' 100\ cr frl.-qucm:y O\"r a 
wide rallge. Thll~ thc basic cln'uit ill ilst"i l III 

a vcr)' u!icflll harnlouie g('lIernlar which re
quires 110 spc('ial hilling or shdping of the 
inpu t W:l\ e. 

A further lIl(}(hfkll lion of the basic circuit 
results ill a 1I1ultivibra lor type Circuit very 
uSf'ful in fr(.'(llIency dilriMon at high frt.' 
(1U(·neies. This IS shown in Figur~ 6 wit h ex
planatory wa\e form diagrams 011 Figure 1. 
It consisls of two of the basic circuits cros~ · 
COllllccteu in t),pical lIlultivibrator fashion. 
PentcxIes are shown here, instead of triodes. 
with negathe control pillS applied to Oath 
lIuppressor grids. A small resishl.lloo is addl'd 
III series wi!h Ihe tuned ci rcuil to pro"ide a 
load impetlance for the control pips and to 
accelerate the dissipa tion of energy stored 
in the inductance, Since the ff('qucncy 01 
op<'rufj(ln is not determined by the R-C filllt' 
('"Ollstant, both tJle coupling condensers and 
J: rid I.-uk resistors may be as la rge as prac
tlC'dl, Illnited by other considerations such 
..IS stray ca pacity to g round, grid leak bias, 

,-, 

'bi 
.-

o 
, , 

f1 -p 

,<I : ll-(il 

'" , T2 - p 
, , , , 

0' , , ,., , 
• , 
• : , 

{fI .af I 
Fig. 7- 0peratlng ooitage graplu for ctrctJit of Fig . 8. 
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,lI,d th. Ilk, 'IIII' OUlput 111oI~ hI' \.Iln t tn'lll 
l'ItlU'f pl'lh' o r grit! " u l , .... 1111\\ 10 ,I' h"III"': 
1.11..'11 hnUl 'III :.!: lId IbwlI:':!. I 

\ r 1\ t' f"I1,.. .. :In' s!,,,\\ II lot .111 " til I .. It II 
dol' II 1,11,1' \.I} l ' I~'1n 7. ~ h\J\\ ~ ,h.lrp IIt'!.!,/
!I\l" I.-oulrnl pip' ;lpphld III hmh \lIppr"'''''f 
14rid.. \ "11111,':11 tilt' h c!!ill llill!! Df Op t.: l ,II lUl l' 
It i .. tut 011 .Jllt! 1"'! i~ {"undm.'tlllg. I II ti ll ... 

,'ollliJ l inli lIl'g.thIC pip .. UII tht· '\IPplI',!>ur 
~rI,j of I 11,1\(' II" d fnt bil l ti l<' /ir'" /1I'!!.l 

!I\r I'll' nil til<' ,ul'plt',,,'r "f 1: \\ 1111"111 olt 
I:! t',Ill 'IIIl!; Jt~ ,,1.11l- I piLl.!!:" 10 ri,t, ~llddlllh 
' I h i, ri.'lot is traw.ft'rred Iv th,'c:rit! (If TI (.111' 

itt,l! I t ttl ('Olldlld ' 111I'1l;\!> 1\ ," pre,:\ i\l!bh 

.. hown, "u' \ O It ,I:.!I' ,II IIII' pl,d.· 111 I I III!! I . 
\\ill IlI'l!iu to d.·"nhl.' ,I ."Ull \\.1\ , ' of fn'
I I /It'my tlt'l, I'IlI!llC·J appro\\illlal('I ~ 1.\ L, 

'1'111:. \-oh,l~t · h Ir.lmlt'rrN.1 til tile ~lId III '1:.' 

l,uldlUl.! it ~II tb. lHI ll1r (lItl(htioll 1o;,l(h lilll! 

. 1 ul'),~.)tiH· I"P .lpp, .. Ir.\ Oil rh, ' ~L1ppn'\'ol' 

TilE \1'1'11111{ : ,\ I""""'" t'"'' I ,I" 
I ,1 .. 't.'h'!I '~ ,ltL. t l.:t;lJu,IUII:; I"JlII !"..:], " , 
l' I ~'1 Ik:;mllttll! _.'" 11""'"-"''' I. I'f"~" •. 11 
r" """,.! '\""1.,", .lml Iin .• II, h' \1, ",1"'1 .,1 ,I. 
I.~ IIm(.,1 ,> .. ,tI 1It-' ,,, '" d il ... ,10-1.;10 t, "I 1\ t- • 
II",,, "'I' ,,,,l l -"", f "II '" I'll I "., "" ·,,1 .. r ,~ 
,I ... 'f',","'I"''''' ' H,., " .. i l 1),·), .• ,."" '" I." "',,,l , 
P'"ll,II,h "II nlult,]!I'1 1'"1,, tu",)"I.I' 111 ., ,I. " 
')urull! !I" II."I .. -,.".,,,,,,, , ,, .• I,,,,!.!!,, 'I 

, 1 I ,.f.... ,1... " ' "I, I .. , , , r,,, '1'1'1" ". 

~lId 'If II ,1 p''''\t'' pip i~ prndlll,.t/ ,H "'" 

t ltt' !>lIhl ll w\i\ IOf ill "'11'" I\l tll Ih,- 11'"1'(1 
,inllli ill II ... pl'lb' ,,1 II. "lId lilli\!' I' .1IIdt,tI 
/ .. Ill. ,iUt, 1\,l\t' h,'1U~ tl.""t.-n . ,,1 10 1111' 
~Ilt l (It t,!, Th,'\,' pip' 1I ... !l n lll ,· 'tllttl 
fill' 'llilt 01 II ... ~uU' I I" IOIt,It,:l' !llld pip 
H,I!'I ~' llli thl' ~,id 01 I!. 'lilo'" Ih, ,"II 
,hWl il12 fl'!!11J1I "I j ~ '11 11' f,ltl, pIp IIII'll 
'; I Il'I'~I~ tl' ,\\,10 It '''1 ,lIulll\ lL,ulti\ lhr.lle., 

.Itllllil 11 ~' " '' I.ll 'I I" pl.l'" \ult,':':I' III I 
In Ill!! ,,, !!to ,dlolO' II" 1,·,II.IIIl.·tilJ" IIII' 
',l li ~ l lIr .11111"111111 ,I { 11'111, 1i"KI"S l Illi' 
','pl·.lh \\ Itb I I .Irul r~ lll.iI'~IlI~ 1,1],'\ .I t 

" 'I'n IUllflh pip 1111 thl ' "llpplt'~~nL llius I.!II 
It'~ ,Ill '" to I ~"']ldnl\n. 'I hi, mt'lt.II,1 \\.1, 
"'t.0I ill tllf' l,d'l!r,' I "~' ill '''"l'plI'l.! tI"I\I' 
t '"111 I \ 1,2 1, lt I, . C; J... I ill t h, ".11,)\\ itl~ ,h'p' 
"'Ipl (ntH I t\ n21111 1,,2 iOIIlIl. ltlll frllUl 
2 )111 III{- to ,')';"1') kC'. 6 10 I lrolll :j';"fi ", til ' I(, 
",' .11111 1:2 'n I 11 ('111 t}() "t til'" ", 

'/'h i" Month ' .. Cm','r 

\\lln the , I'II PU1I'UI ~h ll\\11 toU 1111 tmllt 
t'O\,r 8, ·1t ' ll. I ,bUill ] "tl"u,JI(!I ln "JI~I 

IWI ' fS , '" dC'lt'nul llt·. ill I" " Ih.\I1elll\' ",u" 
Il .g t1.1~ . I 11 b"1 I" I 1t'11'phonl' h,lII<I 
w,duriul4" \I f'' ,I!!. ~""1 " ',II,(,lt,thlll' llI"' 
Il!> ,.~, · ""1Iu l "lie: th, u\t:r , ·-I.,I1I!!III!! ul' 
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,.dellli . tltt.' '11.,dllll\' drop' tl", II,lIltl", h ou" 

t',II " \t'tuml IInlll :.!:2.000 drup' h.II' h, •. " 
'11 .ltI". \ltLlII u hl" l t ill Ihl ' 1,',1 " III ,III'" tl .. 
.'((n'ts of lI ~.Ie:I'l1l1 Ilu' 1111\ (;lIh,ln ~1,IIIUk' 
Iljul, lil, ('d III t ill' Ir.lil,ntitt.·t '11 ,.1' . .1\1111."('1, 
applIed ttl "dj'llIlim dur.,h.",,' of 11II1 .. h,·, 

/J,.II l .nhllrtJfllrif" Hf't"ord 
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