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AN ANALYSIS OF THE MULTIVIBRATOR GIRCUIT

“'Intrbduotion
: ‘The mult1v1brator Was flrst demonstrated by Abraham and o
Bloch in 1919. Since that time many attempts have been made
fto work out a satlsfactory mathematlcal ana1181s of 1ts oper»
ation. To quote E. B. Moullln k"the multivibrator system
Jdoes not lend itself %o exact analy31s or to an 1rvest1gatlon~d
;:by Fourier serles" For eyample, van der” Pol he's obtained |
ran ezoress1on for the condltlons for malntenanee of os01l—
latlons and he finds that the steaay state is made pos31ble
by assumlng re51dual 1nduotlon 1n the systcm.’ Van der Pol
sets up & second degree dlfferentlal equation for whlch no
exact mathematlcal solutlon is known ( at present ) to exist.
'annd also sets up dlflerentlal equatlons w1th'whloh to ex-
fplaln bhe aetion of a mult1v1brator system but he makes no
7at€empt o solve these eouatlons. Perhaps one of the best
opapers on the mult1v1brator system is that of Watanabe,vwhere~
eln he presents a theoretlcal discussion and graphlcul analys1s'

of its operatlon. Later we’ shall compare our results Wlth

’>deatanabe Se

£

*,Abraham and Bloch, Ann. der Phys., vol. 12, p. 207 1919.
Moullin, E.B. "Radlo Frequency Measurements", 1961.
Van der Pol, B., I.R.E., vol.22, p.1051, 1964. :
Hund, A., "ngh Frequencv Measurements'. P54, 1933.
Watanabe, Y., I.R.E., v0ol.18, p.327, 1930. :
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It ls the puroose of thls paper to try to glve a workable
k’analy31s Wthh will predlct with some degree of accuracy the
frequency and waveforms of the multivibrator clrcult The
-'analys1s presented Wlll be verlfled as far*as poeSible,_by

actual eyperlmental results.

The Mult1v1brator Clrcult.~
The multiv1brator 1s essentlally a two-stage res1stan0e—-k
coupled amplifler w1th the output of the second stage fed back,

into the grld of the flrst stage as shown in Fig. 1.

Osclllatlons of the multlviorator typewcan occurrln any
\audio-frequency ampllfler emplOJlng a grid leak and a grid con-

\; deneer, prov1ded only that there 1s some connectlon bctween

%ffoutput and 1nput by which the ampllfler can- supoly its own in-

 put in- the prooer phase and in sufflclent masnltude. 05011_,~-
7,?laﬁicns of thls the occur in: many audlo frequency ampllflers ’
as. a- result ‘of energy fed back through & common plate 1mpedancev
k; Such osclllatlons are frequently called "motor—boatlng" be~
;'icause their frequency is very low and is comparable to the
krfsound of a motor- boat eng1ne.~ ; '
| Mnlt1v1brators are chlefly’used as a source of harmonics

71n the measurement of frequency-



F,,Harmonlcs as high as the 300th. can be defected in the ontput.
The fundamental can be made an 1ntegral part of an ingected
control frequency, and thus a hlgh degree of - accuracy can be

obtalned in frequency measuremcnts. The WaVe—form of the:

'f’ mult1v1brator is greatly dlstorted Wthh restrlcts its use as

a low frequency gencrator.; It is, howeVer flndlng some use

S as a tlme base in OSClllOSOOpe clrcults. :

'The,0§eration'of a Multivibrator.

Since there is no resonant 01rcu1t ( see Fig l ), the

’jewgenerated freouency of akmult1v1orator depends upon the tlme

'eonetant3~of~the circuit. Such an arrangement Wlll oscillate ,

‘ﬁbecause each tube produces a phase shift of 180 It may be:

‘noted here that van der Pol treats mult1v1brators as a speclal

case of "relaxatlon 050111ators", that is osc111ators wh.

khot depend upon tuned circuits but only upon the tlme conqtantsk
or "time of relaxatlon" of the 01rcu1ts employed.
i “The operatlon is startea by a sllghtly p031t1ve voltagek
a‘klrregularity gt the grla of tube No. l. Thls small voltage is
amplified by the two tubes and then reapblled to the grld of
: tube No.l in & very much enlargeq form, to be agaln amplifled

and so. This actlon takes place almost 1nstantlv. The result

of repeated ampllflcatlon is %o cause the grld of tube No 1- to

1. Dye, D.W., Phil. Trans. of Ro. SOC., Vol.224A, p.259,198%-4.
P Van der Pol B.,‘ Phil., Mag., Vol.2, p 978 1926
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inereased 1ts potentlal suddenly and to make the grid potentuﬂ
"of tube No.z to decrease Just as suddenly (1.e. beconme more
'negatlve) These con81deratlons are ‘shown 1deally in Plate I.
Thls rapld change is brought 0 & ston when the Dlate cufrent
of one of the tubes, in thls cese tube No. 2 is cut off for

then all ampllflcatlon ceases and- for the moment one tube is

“adraW1ng a heavy olate eurrent whlle the other tube takes

fjrllttle or no plate current. This condltionkls‘unstable, be~

'vcause~the~leakage through the grid—leak~resietanoes discharg-
;1ng the grid- leak condensers gradually brlngs the grid poten—
Jtlels back to normal. As the grid potentlal of tube No. 2 be—
cenes less negative as a result of ~this grld ~-leak act10n,~a

1 rpo1nt (cut- off) is reaehed‘where plate current in tube No.'zy'

"~UW1ll flow. Ampllflcatlon is now posslble and any mlnute ir--

'regularlty that 1ncreases the grld voltage of tube’ No 2 Wlll

‘be ampllfled.' Thls wﬁll bulld up a very sudden pos1t1ve vol-e

,;;tage on the grla of tube No. 2 Whlle caus1ng the grld of the

; flrst tube to 20 SO0 negatlve that 8lelflCat10n is rendered
ylmposs1ble. From the above it can be seen that the tubes

'ioperate alternately, when one tube suddenly acqulres a large

7k'p031t1ve grid potentlal the other acqulres a large negatlve

grid potential.
In general the frequency of the osclllatlons proauced by
’ fthe above actlon depends upon the rate at Whlch the grid vol— —

o

1. Hull & Clapp, I.R.E., TVol. 17, ‘p.252,  1929.



1tages decay through the grid leak re31stances and condensers
V’k:associated with each tnbe. Hence, the time to complete one
cyele is made up of two parts, the time constants of each of
the: two grld ~leak res1stances and condensers. Thls'frequency

is glven apnrox1metely by the formnla

where ( see Flg 1.°)
f =fundemental frequency ~ :
Re=Grid-leak resistance tube No. 2

B" i LA B 18 I No. 1
Cc = Grld Condenser tube No. &

¢C= v om e Nol 1

The aboveke;presslon does not take 1nto eccount the plate re-
~res1stdnces, ‘the dynemlc nlate reSlstances or tne amnllflca—'
tion constants of the tubes.k |
There is llttle doubt that the frequencj is 1nfluenced to
some extent by the reslstances in the plate 01rcu1t and by the-
:‘characterlstlcs of the tnbes themselves.yybye' and ctners have
observed errors as. hlgh as 25% between th actnal observed
frequency and the frequency as glven by eqnatlon (l) ~Terrnana
states that "the frequency 1s determlned prlmarlly by the grld-
leak re51stance and grld condenser cspaclty, but lt is alsoc - |

“1nfluenced by the remalnlng 01rcu1t constants, tube character—ﬁ

“1stlcs and electrode voltages" Later it will be shown in partﬂ,v

the effect of some of these clrcult constants upon the frequen-j

cy of the mult1v1brator. The practlcal freqnencynrange is from

:l. Dye, D.W., loc. clt : ;
2. Termen, F.E., "Measurements in Radio Englneering" p.131,
‘ o 1935. : ,

o



",about 1 cycle per mlnute to 100, OOO per second Wthh is muech

'; the same s any audio- amplifler cireult.

AnalySis,of'theemultivibrator‘Circuit‘

In order to facilltate a practlcal solutlon, the follow—

S ing assumptlons were made and are believed gustlflable

14

~The;01rcu1trls;a two-stage res;stance—aeoupled
~ amp1ifier with output cOupled baok‘to input.

.» Each tube produces a phase shlft of 180° causlng

the output of the second tube to supply an input

0 the Pirst tube that is exactly the rlght phase

to sustaln 0501llatlons.

‘,Theftlme constant ofﬁthe oScillations‘generated is
made up of the time comstant of the first tube and

‘itS~eohnecting/network plus the time,cbnStant bf.the

r~_SeCOndrtube~and its aSSOCiated‘network ‘These are

not Pecessarlly equal unless gach clroult has the
‘same parameters.

'Stralght llne charaéteristicS)sre"assumed for

triodes opérated’at'nOrmalfvoltages. This is

equlvalent £0 assuning yi" and dynamic plate re~

',81stance constant

,Grld current ean be'negleéted.

Any trlode for practical purposes can be reduced

'to an equlvalent neuwork.k

1. Colebrook, F.M., J.TI.E.E., vol.87, p.157, 1929.



If only alternatlng current components are considered
for audlo-frequencles “the mult1v1brator circuit can be re—ﬁ

,presented as in Flg. 2.

| | G T

T =} 1

T Yi, *
\:\Fu“\— e : gR‘ Oufpu*

. l R b
| - O £
\ <

;Fié_ 2
Where

R. and R;i'are gridjleak fésistahces;
c and C' are grid oondenSefs;k |
,i»R. and'37 ‘are plate re31stanees.
“For mathematlcal convenlence assume that the clrcult is
'symmetrlcal hence R=R,, 0=C, R=R, and tube No.1l=
s NQoB. RN -
Let
(I g'any 1natantaneous vo¢tage applied to tube No l

€, = 1nstantaneous voltage appearlng aeross p01pts S .and 4

‘k%::  the a.c. plate current of tube No 1
krp;Qrthe,gynamloiplate r851stance,

M ;?‘ihe aﬁplifigatioﬁ factor. |
pk=‘ the Héavisidé‘operatorg

Sin0e~it7was assumed that any triode operated at normal
‘vOItages~has essentially'a.straight,1ine‘charaCteristiclwe

‘have When‘tube-NG.l iS~in operation



LP: ;Hf IZ.a (7‘) ' = "

 where Z,, is the tobel impedance between points 1 and 2.

O ‘

3
O

Lz Ra < Gl ngary "i‘hﬂnﬁ‘e '

NO

, °)
o Fig. 3 “
Hence Zy, 1is given by

. A : {3)

w7 B %;Rﬂﬁ*i'Ra*'J;‘
Simplifying ——

‘ IR ) F\g A ‘
- The plate current of tube No.l dlvides 1nto two branches

k as shown Flg 4, the "C"—branch carries current iz Whlle the

"R"k—branoh earrlcs current i These eurrents can be ex—,

4 pressed~by N

-

: "R‘—*Rz"‘-:f?_é';
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g - opC

~ Substituting equation (2) in equation (6)

e o BERL Do opE o U
T OPCRARIT Rz, « | &

,The voltage across p01nts 5 and 4 is glven bJ €, or iz'Ba

ea— 1. R?. '

PERR, —pe

pC(RF R+ r-+(PCR1A\)R
. ‘ f \sc(R\-»R,J —\-\ ‘

o e?."'—"

, —4:F?F€ Mh.pe, o
pC(R q, +R1r\°+RR1)+ r\g+ R

e —CR.R.M- pe, O ey
- C(R\ * R(p‘\'RRL) {p_\, Y‘p—’r Fe\ T \ -
N L S C(\R Y‘P+RL\ +R‘\?,_)

— Hi' : . L ,Lk L k ~(9l
Y+ Yo o0 Yp : ~ :

L : ) R" R\
~and  b”; = . Fﬂ

C(R\R +R‘(‘ X R-,_Y‘ )

— e
CR, {\ + R e }
‘ ‘ R—L(\”‘:"r R,)

(1e)

I

. Substitutihg7equations;(991and'(lQ),in equation (8)
We have o o ’ :, o

€ P+bo



This equatlon represents the oPeratlonal solutlon of the_

' ﬁran31e;{ through tube No. 1l and its 338001ated network When
any voltageae| is applled to 1ts grid. The voltage €, 1is
deternlnea by the solut10n of equation (1), A;similar
equatlon is obtalned for the tran31ent'uhrough tube No.2 and

its a33001ated network When it becomes‘OPerative.

" Determining the‘FundamentallFrequeney.

’From prev1ous con31defatlons the voltage e; apolled to
~'the grld at the beglnnlng of eaoh cyele reached 1ts maximum
,value 1nstantaneously through succes31ve ampllflcatlons. kIn
'all respects e has the form of & steady e.m.f. suddenly ap—
' pl1ea to a. network at tlme zero (beginnihg of thc cycle)
'These condltlons are equlvalent to Heav131des "unlt Functlonm
,For convenlence let the meximum value of e, be E,. Hence

equatlon (u) becomes

C e kP £ 1 a2)
’ L . P EX b e
The solution of Which is
S ;b’t |

The tlme eonstant for tube No. L and 1ts a53001ated net- e

:WOTK is determlnea by equatlon (15) Wthh 1s,an,exponent1al
functlon. ’Let,T\ be the Eine constant'for‘thiskfirst;portion
of the cycle.

Hence



"where
| 5 L o
cea:\u "% 1
RI(R-\\’;.\

- L= CA? i} +;l41k_~ 1 | BT (14)

A 51mllar expression can be obtained for T | the tlme
constant Wthh determlnes the second portion of the oyole
‘Slnce each tube functlons alternately, . T, must be evaluatedyi
kby solv1ng-separately for the transient through tube No.2
and 1ts assoclated network,. Since 1t was assumed that the
mult1v1brator has symmetrlcal clrcults Whlch is the usual
o oese, the tlme oonstants for each portlon of the cycle will
be equals i “Es, Tf equals T | |

Theremre the time constant for the complete ceyele for

symmetrlcal clrcults is glven by T where

Te T, o+ : o . (15)
R\‘\A\’-" SR, | |
) ) RI(R\‘\‘ \"Fﬂ

‘The ‘frequency will, of course, be given by

f?=‘{%;. ” , | ;4 . ,‘ S  (16)

- ZCRa{i+'

where

o= fundamental frequency in-c. p s.
T“:,tlme constant of a compleoe os01llatlon.

It mlght be well to oompare equation (15) w1th the re-
:sults from other sources. For example the equatlon usually

given for a symmetrloal multlviorator 01reu1t is

T= 2CR,. , - (17)4

1L



This equatlons dlffers from (15) by the factor {\-+ JELEL__}
s Rz(R\+ Y’P)
Later We shall examlne this correctlon factor more

closely with- the ald of @rdphs. Agaiin Watanabe gives the

follow1ng formula for a symmetrlcal clroult.‘

7 7= 2 CRg log E B & ' , e (18)
where

\ the maximum value of el apoeafing on”the~grid

g
1

the: ‘residual voltage retained by the condensers
after discharge. :

rkUnfortunately he docs no% state how thls eypre351on has Dbeen
derlved. The values of E, and € Or their ratlos can be ob—
' tained from 0801llograms. The expre851on given by Watanabe
differs from1(l5) by the "correctlon" factor
log E‘_: e | ' - (19)
i R c. . N . E
In general B, is séveral times larger than e., thus this

correction factor is comparable to unity.

An exsmlnatlon of many papers on the frequencies of
mult1v1brators bears out the fact that the actual observed
time constant ig always greater than the tlme constant as
"glven by T==2-CR For example Dye calculated the tlme con-
~stant of a symmetrical clrcult us1ng equatlon (17) and ob—
Vitalned a tlme constant of 950 x lO seconds, but the observed
tlme constant was actually lOOO x lO seconds, Where the
circuit constants were C = .0062y¥ R,=Rgé75‘000 ‘and r§’=
(estlmated) BOQOemw._ Hence the calculated result would, have

1. Watanabe, Y., "loc. cith
2. Dye, D.W., "loc. cit.m

12
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to be multlplled by a correctlon factor equal to 1.07 (approx)
to obtaln the observed results. U31ng the correction factor

as obtalned from equation (15) we have for the above values

R vp

Correcti T o= _— e
o:reotlon factor l'+,,Rg(Rv+ﬂJ

=1l 75006 x_8oo0
R 75000 x' 83000
= 1.09 o
‘,whlch compares favouraoly with the exoerlmental result of 1.0%
This Would 1ndlcate that the correctlon factor as obtained
”,from equatlon (15) in our analys1s is of the right order and
'kmagnltude. | |
To get & clearfidea:Of'the magnitude of this»correction :

factor as given by equation (l5)‘namely,

3v1 + R % }o
. : Ra(R'\'\/’)

values were calculated for varlous circult parameters and

.dynamlc plate r651stanoes. The results are shown by. the

1 7lgraphs in Plate II. It can be seen that theoretieallj the

error in the tlme constant can be as hlgh as 50 per cent In
Dra;tlce, however, these extreme values are never used. The’
,oraphs also show that for good results R, should be less than
;RZ‘, Thls bears out Watanabe s assumptlon as stated in his
analy81s. It may also be noted that best operatlon, in so
far as frequency predlctlon is concerned should ‘be obtalned
with tubes having low values of dynamlc plate re31stance, and

Ry ‘and Ry should at all tlmes be much larger Than the dynamlc

~plate resistance.

13
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Expefimental Cheokk0n Frequenoy Determination.lk

| An experlmental symmetrloal mult1v1brator was construct—
'}ed using Leeds and Northrup nre0131on re51stanees and con— |
densers. The general layout is shown in Plate III. Many
‘ dlfferent types of trlodes Were trled such as VI-A'S, 0L~ A's,
45's ,;50:8, 3l's, 261s and 112-4 e 0501llograms were ob-
taiﬁed,by meaﬁé'~ef a cathode-ray oseiﬂloscopelk

The frequency of the fundamental was determined by means;;;
 of a mOdlfled Campbell brldge . Thls bridge gave sharp res-
onance p01nts when used with a Moullln vacuum.tube voltmeter.
However the range was limited £ rom about 400 c.p.s. to 6000
,‘c p s.. To check the aceuracy of the brldge an electrlcally |

driven tunlng fork rated at 1000 ¢.p.s. ‘was used. The re-

“~sults after several trlals gave the mean freqnenoy of the

Itunlng'fork as 994 c. p s.

| ;f In the experlment tubes were oberated at or near normalk
voltages,‘ No attempt was made to measure dynemic plate Tre--
k'Slstances as it was felt that the manufacturesstables would
glve values that were aecurate enough for ailiéractlcal pur-f'k
_ boses. Leads to the varlous pleces of apparatus Were short
'and straight. The frequencles,generated'appeared tO‘bef
stable~W1th no indication of "drift" - Ih'fact'once the os-
01lloscone was synchronlzed w1th the mult1v1brator no other

.adJustments were necessary.

1. Clough-=Brengle Co.
2. Bee Appendix "A"M

14



Correction Foctor

TRIODE : 26
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TABLE II

H

.u ove. Covvecrion Fackors
IO AR IV I RO ) il A
c.p. % x 102 o
——5 50000 | .oL |1.0 | 910 |Ll.1 [1.107]1.17 j1.24

= |50000 | 35000 | .025 |1.75 485 | 2.0 ||1.18|1.24 |1.29
§ g 35000 | 50000 004 | .40 2320 | .43 |1.13|1.16 |1.28
52 150000 | 50000 | 008 | .30 | 2020 | .34 || 1.11 | 1.17 }1.28
& 50000 | 50000 | .002 | .20 | 4600 | .216{1.09 | 1.17 |1.85
50000 | 50000 | .01 | 1.0 920 | 1.09 [1.00 | 1.13 |1.17
% 50000 | 35000 | 085 | 1.75 | 491 | 2.1 |1.16|1.19 |1.20
gé 55000 | 50000 | 004 | .4 | 2850 | .45 |1.06 | 1.12 }1-15
% 50000 | 50000 | .003 | .3 | 3050 | .33 |1.09 ) 1.15 |1.18
2 50000 | 50000 | .002 | -2 | 4750 | .21]1.05]1.15 |1.17
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g 50000 | 35000 | .025 | 1.75| 555 | 1.8 |1.08|1.11 |1.11
_ 1 |85000 | 50000 | .004 4 | 2400 | .42 |1.06|1.07 |1.12
§ 50000 | 50000 | .003 | .3 | 3150 | .32 |1.06|1.08 110
5 150000 | 50000 | .00z | -2 | 4710 | s211.05]1.08 |1.10
30000 | 50000 | .01 1.0 | 940 |1.06 |1.07| 1.03 |1.06
£ 150000 | 85000 | 085 | 1.75 | 540 1.85 | 1.04| 1.05 | 1.08
; t 135000 | 50000 | 004 | -4 0400 | .42 | 1.04| 1.0 |1.08
% 50000 | 50000 | .003 | .3 | ®100 | .B2)1.06) 1.09 1.08
¢ | 50000 | 50000 | .002 | .2 | 4800 21| 1.03| 1.03 | 1.07

« nPgchnical Manual™, Hygrade Sylvania Corp., 1937.




| The results of a typical ru? fo$ a symmetrlcal ¢ircuit
'us1ng '26 tubes are shown in Flg‘ZTX In thiS‘case; R, and R,
kwere constant whlle the cendensers (G) ‘Were verled together

so as to covcr the indicated freqwency range.
A further tyoe of check Was decided ‘upon 1n the form of

a eomparison between the eorrectlon factors as obtalned from

the followlng

k 1. Actual observed tlme constant

2. 44 _ESEE_' caleulated from ecircuit
el l?z(R1+r\ ik values. :
3, Watanabe s factor log E‘-e¢f Which was ob-

; e
,talned from osclllograns

lThe results of the above u31hg varlous tubes and clroult vale =
,rues in symmetrlcal clrcult are shown in Table II. Some dlf-
flculty was exnerlenccd in- cvaluatlng Watanabe s correction
;factor from the 0501llograms s1nce € is small compared to B, .
A sllght error in measurlng eC results a mnch larger error in
the correctlon faotor.,yonfthe whole the agreement is quite

close.

Waveformylnalysis.

“In the follow1ng analy31s only symmetrlcal mult1v1brator
91rcu1ts are cons1dered Although tne same reasonlng can be
applied to unsymmetrlcal c1rcu1ts. It should also be noted
that only the alternatlng oomponents are treated as the dlrect
lcurrent componets can ea31ly be super1mposed upon the others. J

The cathode-rayp0501llosoope traclngs show alternating com-~

15



“ pdnents only. These tracings were copied dlrectlJ from the

A

OSOlllOSCOpe sereen,

The Waveform of the Voltage Acrdss the Plate ReSitance R,

Con31der the portlon of the cycle during Whlch tube No.l

is 1n operatlon and plate current lp.‘ls,flOW1ng,

5 . II

e @ 8]
e, e

RI . F\S 5

from equatlon (2) _we have ;
. - _H e| ’ . i /"
le, = o

R V‘P + Zta

(6)
, i
'L _.Rz"‘ PC
Rl P
R+ Ro+

- and from‘equat;on

PC
;Substltutlng and 51mpllfy1ng 1n equatlon (6) we have

(PR?-C“' 1) (-pe)
[PC(Rv¥RQ+ﬂ U}A—ZQ)

(pCRa-H ) . - pe
(pCR\+pCRZ+\)+pCRaR TR,

__ (PCRat1)(= Be)
PC(R (‘P+R1Y’ +R\Ra) +\" =¥ R

Let thékinstantaneous voltage across R, be given by €R,

@R‘ :L‘ R“k
;;,; ,? (pcﬁg+\)(~p€0 | |
C(R\rp-k R—,_\"P*'\?\RL

'1'6‘

(20)

(20‘



Since
S \?.+ Re
TR +R;\”P+R.'R?,)

and K= ¥
: R SR

s (PCLR;JV \)(ﬁ,\-\e‘\) e (2
LR B +,‘%)<P+b)' g ,

=K (P + 2r.) ,. ’e{

= KPP o (23
The solutlon of equatlon (25) for the first portion of the
cycle durlng Whlch e. takes the form of steady e.m. f suddenly
applled Wlth a max1mum value of E, is

"‘~ y>4~a
Ro= R KW

L , et e PR

,_k:/E,K[b-PVE =] (=4)
From pfévious{cOnSiderations

——

b = CR R 3 1 |
: B e s Ly
S R\w\;)}

=1

' Ra(ﬁ’ +v3)

17



An examlnatlon of equatlon (24) is-ShOwn in Fig. 6 for vari-

ous ratlos of -2

O = t - ; : _n
ReVoXive i
L4 Vc\\ue_ L
©ef o : S . Fig. (D)
&=, S e
. : : ) K 3—: \ ;
- . ’ b
: S N o)
N s S N e U S oecs N
R NS

Durlng the second portlon of the cycle no plate current
flows in Tube No. l hence the voltage appearlng across R is
dlreotly dependent upon the dlscharge of the condenser in the
01rcu1t of tube No. l,f | |
: iC

L 'J
N B

No..2

& ' ":\5 at #

,Thls 01rcuit is represcnted in Flg.vv,

 Let

eR;='1nstantaneous veltage across R, durlng this poftﬁnr
\‘ of the cycle. '
E. =“maximumk voltage on thejG :
10 ;=inétantaneous‘cur?ent dﬁgitoEqu
Therefore , TR k:’k ~ | o “‘ N

eR — ‘-t_ R\

RAR,+ 5‘3
=f 2—. P 1 gy

Y



s

Tube 3

R‘z 50 000

I

» Tube‘?_e
|

R,=50 000

Tube 30
R‘ = 35000

“Tuve T
. R\ '—'50000

PLATE TW
Waye forms of Voltaqges across R,

R
S



Whicp has as a'solution

-

o Sy e , ST ;
e= B ——1 . ¢ TR - ~ 2
- R F?.i-YRz € R | ‘ ( 5).

- This equati@n is an exnonentlal 'Combining this equation with
“equation (24), thekanGform.of‘thega;c voltages appearing

‘,across R(,can be idéally represented as in'Fig,B.

A4
y

: FﬁgLéw ;
From thls we should expect a reotangular waveforn durlng T,

and an exponentlal durlng T, The osclllograms shown in Plate"

IV correspond closely Wlth the theoretlcal WaVeforms.

fThe'WaVeformef the VoltageVaorOSSAQondenserVC‘

Dufing the'first portion of the eyecle, plate current is

flow1ng in tube No l therefore the vbltage across~oondenser

C will be given by

) , 3
TQR\ : .
L
Fig © ;
g mibe. Lo R:‘ — g L (27)
PE R+ Rk 7 /

19



bt e e e e
e “\’ Z\?. 5
Substltutlng and 31mpllfying equatlon (27)

ce—— R lwe

iy 1wf;°,,‘pcua+aa+vvwffw"
= BR e,
‘ PC(R \:QL—\—Q Y‘ +R—,_ ’)-'\- Yo+ R, '
= CRL(P"‘\‘"b)’ |

Where k and b have the same meanlng as given prev1ously in

‘ equatlons (9) and (lO) namely |

gkf = P ,,,,,
B e s
=3 R‘L
and b = b
CRzi‘\ S+ ,————R;‘NY‘\’ . g
) : Rl(r;,'\'R\)

Equation (28) has‘for:a solution during the fifs% portion of

 the eycle

T &i__:_f—,_\‘,‘_(\'—f& ) , : ' (29)

' Where E -as before is max1mum value of e
If CRi-éi then. equation (29 becomes
s L E, K “-(\ —gTbt) E (30)

The form of thls equatlon for varlous ratlos of-— is shown

in Fig.,lo.‘kk'f

Relative
Vo.\‘;c ) S I

e T

 R3.\o

st
0
©

oo /,
n y
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Typical

Waveforms of Voltages

across Condensers C"

AN

/\

Tube 3

"

AV
A

(X

/A
A
N\

—

\

PLATE V.

.30



During the second portlon of the CJCle, no plate cur-
A :g B
'rent flows in tube No. l thus the condenser C dlscharges.

e .
[ —
R, Ra
Fig 0
Let ‘
L_ the 1nstantaneous value of the €. m.f across € .
L Ek_.Maxlmum value of ec at the beglnnlng of thls
: portlon of the cycle
the 1nstantaneous current due to ec.
Hence |
| e‘ = e Lc’ ’(
: : pC
but
L;,: ‘AEC e 1
R\ -+ Rz - ‘;—é,
6; = = Ec 4
pC ( R+ R, )+
(B1)
Which~ha3‘for‘é;solution

- The graph of this eduatiOn-(Bz)kis an exponéhtial which
is to be expected. The comblned waveform for the whole cycle

is shown 1deally in Fig 12.

Relatwve
Vq\ue

: Fiq. 12,
e, 3

RN
b(l&)




'T'ypic_o\ WaveSorms of Voltages
ocross Resistance "R

\
sy
’ Re= 50000
\ ‘
\

3\
Re= 35 Q0O

/

N\

26

R, = 50000

L
o\v-A

R, = 50000

PLATE VI




Agaln the osclllograms shown in Plate V can be compared w1th'

Pig. 1l2.

The Voltage Waveforms aoross the.Grid Resistanoe R~;

7 The flnal Wavcform t0 be dlscussed 1s that apoearlng ac;k‘
ocross the grld leak re51stance (Ra} From prev1ous dlscus-
sions 1t was shown that thls voltage has essentially a rec-—--
tangular form. However the voltage durlng the second portlon
; oL the cycle for the clrcult of tube No. 1 Wlll be determln—
ed by‘the condenser dlscharge and,W1ll=beogiVen;by
o e , : , ; ot
YR, ;,F?;*f:Fiz

B R (32)

Whlch is ea51ly obtalned from equatlon (26) : The complete

Waveform 1s suown 1deally in Flg. 13.

‘ng.m

, \z’,Jo,

A
‘aﬂ-‘lz‘.

The osc1lloscope traclngs are shown in Plate VI It Will be

- noted that the actual Waveform 1s elosely reotangular durlng

~T\, Whlle durlng T the Waveform dld not appear to follow the

~exponent1al form quite as closely for low values of RZ'

22



Qonclusibns.
e Unfortunately, the llmltatlons of avallable apparatus
'prevented a full 1nvest1gatlon of the mult1v1brator\through
 W1de ranges of frequency and oircuit parameters. The results
obtalned from thls study may be summarlzed as follows: ‘
| 1; 'The frequency oan be predlcted Wlth a falr degree of
accuracy from the 01rou1t parameters. : |
2. ‘The Waveforms as observed are acoounted for theoretlc-
"ally and show close agrecment with the predlcted |
forms.i~ : ’ ' ’ ’
| 5;‘~The effect of vaggng the plate Voltage was not stud—’
o led quantltatlvely but in general the frequency de=~ g
crease in plate voltage.f ‘ | ’
45 ;There is flelc for further study in unsymmetrlcal
'01rcolts and also "mnlt1v1brator" types of oscll-,

latlons appearlnb in sangle tetrode,clrcults.o
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‘ ;Appendix'A‘

tGampbelluFrequency Bridge‘

The 01rcu1t arrangement for this brldge 1s shovn in Flg 1

0 0

K 'Primcx\{ ‘ .
1 B0 sWmims 11
CUABR R -1 R c
e N ; ‘\':(c\\. \

Where M is Campbell variable mutual 1nduotance standard

Wthh has a range from —~5O to-+llOOOO mlorohenrles and C is

a standard air condenser.~

The method is qu1ck and results obtalned are accurate.

The resonance point is sharD ana 6381lv found. At;balance;

~lthe~frequency,is g1Venﬁby the-followlng

'UJ:?' = = ‘ =
R | _ _1sAzoo eps.
2w Al MC >3

N ™M, “Cw
A further modlflcatlon of the above is shown in Fig. 2

L

°

1. fMoullin, "loc. cit.”



‘ The‘cOndenser C

~ The frequency is obtained as

follows
v, = Lo
wC
U?Q:'uuML,
’ A T
R "g"__ RV A Sa
ov = ;== _Lps.

1n Flg 2 may be replaoed by a pure re31stance
R and henee the;frequency Wlll be glven by.

~ ‘€,;+ J_ irf?

: 3 2T ’U‘ M v

The 1mpedance 1ntroducea 1nto the mult1v1brator circult

, by any of the above brldge 01rcu1ts is Smmll at the freqen-

01es measured. Errors caused by harmmnlcs can be neglected

as glven 1n an - analysls by Moullin and others.

;l.

Hund,fA., ngh Frequency Measureﬂents,p 209, McG -hl]l
: , : 1956.
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Appendix B

Osolllatlons 51m11ar to those of a mult1v1brator can be ‘
voroduoed by a 31ngle tetrode in a re31stance cap301tance

01rcu1t, such as illustrated below

| The timé[conSténtVOf,the oseillations produced is given

L T= CR. (approx.)

26
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