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T H E DYNATRON 

13.y CHARLE!' E. WORTHEN* 

X R I-.AT deal of attention has been 
given recently to the dynatron 
type of oscillator. The principle 

of the dynatron is not a recent dis
covery, a paper on the characteristics 
of such a dCI·ice having been publi~hed 
b)' Hull t in 191 H. The reason (or a 
renewed general interest in the subject 
is doubtless due to the fact that low
priced receiving tubes with which the 
J),natron negative resistance char
acteristics lna\' be easily realized arc 
now available: These a;e the screen
grid tubes of t he 2'2'2_ and 'l'2+-types. 

The sea tic J p - E" curvesof a 2'24-type 
tube are given in Figures 1 and 2. In 
the range of plate voltage which lies 
raugilly be tween JO and 40 volts, the 
plate current decreases as the voltage 
is inr'reased. Th is means that the in
ternal plate resistance, which is the 
reciprocal of the slope of the 1"- E,, 
curve, is negative, due, of course, to the 
emission of secondary electrons from 
the plate. When electrons emitted by 
the filament reach the plate, the impact 
releases some electrons rrom the plate 

• Engineering Department, General Radio 
Company. 

t A. W. Hull, "The Dynatron, II Vacuum Tube 
Po.,scssing Negarive Electric Resistance," Prtl _ 
cudilll! oj 1M JlIst;fllI~ of Rmiio £"g;nurJ, 
FebrUllf), [9[8. 

itself which ate immediately attracted 
away from it by the higher positive 
potential of the screen grid. 

I n the dynatron region referred to 
above, an increase in plate voltage 
produces a corresponding increase in 
the number of elct·trons flowing rrom 
filamen t to plate, but this produces a 
still greater fl ow or secondary electrons 
away from the plate and the net result 
is a decrease in plate current. 

Any device which possesses a nega
tive resistance ch aracteristic will, pro
vided certain other conditions are satis
tied, produce sel f-sustained oscillations. 
I r a parallel tuned circuit is connected 
as shown in Figure3 to a tube operating 
in the negative resistance or dynatron 
region, oscillations will he produced. 
provided the impedance of the tuned 

circuit ( which is dosely given by fR) 
is equal to or greater than the negative 
resistance or t he tube. The frequency is , 
then given approximately br rr' 

2lf"V .... C 

and more exa:~'ctl,,)_' obf),,,_-,-,, 

' I'(R')' -;:;\ LC - 'lL + 'lCr 
where R, L, and C are respectively 
the resistance, inductance, and capaci-

[ , J 
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tance of lhe tuned ci rcuit and r is the 
ausol ute numerical value of negati ve 
re~istall ('e of the tube. In all the abo ve 
expressions, the term C is th e total 
dtl.'Ctive capacitance of the tuned 
circui t which includes thc plate-to
filament c;lpal'irance of the tube. 

The frequency range over whk IJ the 
d)'natTOn oscillator may be mad e to 
opt:rate is extremely wide, fre'luem'ies 
from a few cycles per second to some 
'2O,<XXl,CXlO being obtained by merely 
changi ng th e tun ed circui t , At the very 
low audio frequencies and the very 
high radio frecl uencies care mU St be 
taken to keep the resistance of Ihe 
tuned l'ircuit as low as possi ble, T he 
point at \\hich osc illations ceaSe is 
readlcd when I' hecomes greater th:ln 

I 
C~' For a givcn v.tlue of negari\'e re-

sistance ,. and assigned values of Land 
C (detcrmining the frequency) , the 
value of R will de terrnill e whether the 
sys tem wi ll oscillate. Th e negati ve 
resistance of the ru be varies under 
ordinary cundi tions from about 8,CXlO 
to 16,CXlO ohms (see Figures 1 and '2) 

i!lll.! in order to produce oscillati ons, {;( 

must lie roughly in this region. If the 
plate voltage is fixed , the value of the 
negative resistant'l:! decreases with in_ 
cl"t!asi ng screen-grid voltage and al so 
wit h increasi ng posi t ive bias Ull Ihe 
control grid. Th is rna )' be seen from 
Ihe characteristic curves of Figures I 
and '2. 

A convenient way to operatc the 
'2'2 .,.-type of tube is with th e control 
grid tied di rectly ro filament , wit h '2'2.5 
volts on the plate and 67 to 90 volts 
(prefera bl y 90) on the screen grid. Th is 
allows the use of the ordinary blocks of 
high-voltage batteries which are tapped 
at 'l'l.5-vo!t interval s. 

Changes in ol>erating volt:ages pro
dUI' e a compar:ll ively sma\l dlange ill 

(' 
v) ~LRC 

I 
1;1.1111 

.... L AMt.NT 

frequency. For mOSI purposes, this is 
enti rel y negligibl e. Beu er frequency 
stabili ty over an unusuall y wide range 
of frequenC}' ca n be. obtained with the 
dynatron oscillator than is possible 
with one of th e conventional type using 
a 3-e1t!c trode tube. Its stabilit y com
pareS well with that of a piezo-elec tric 
crystal osci llator without temperature 
con tro\. Th is allows it to be used for 
fa irly precise rllt'asurement s of fre
quency . si nce it ca n be calibrared 
against a knuwn standard and will 
hold its cal ihration well for long periods 
of time. 

:\ l1y resonant circuit wuveme ler can 
l.>e converted in to a heterodyne wa ve
meter by usi ng a dynatron to drive 
rhe Wil ed ci rcui t . Also, the sharpness of 
indica tion of the waverneter t·a n be 
gn:atlr incrt!ased b)' the use of a 
dynarron as a means of neut ralizing 
the rt'sis ran ct' of its circuit. This can be 
accomplished b)' putting sufficient 
negative bia~ 0 11 the control grid, or by 
decreasi ng the screen-grid vol tagt' 
until the dynatron is just below the 
point of oscillation. Under Ihis condi 
tion, the posi tive resistance of the 
W3vC!m eter is largdy canceled by the 
negative resistance of the tube which 
results in a much sl13rpe r re;onance 
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peak. When rh~ dynatron il\ used for 
this purpose, its plate_current meter 
ca n be used for resonance indications. 

I f a pair of telephone receivers is 
connected in the screen-~rid ci rcui t of 
the oscillating dynatron, beats can be 
heard between the dy natron and other 
osci llators, at h:lrmonics of the dyna
tron freq uency as well as at the fun
d:unentaL Harmonics of the order of 
the fifteenth can be utilized in th is way 
without additional amplification. Th is 
makes it possible to use a heterodyne 
wav('meter wh ich has a limited range 
uf fundamental frequency for ca libra 
tion work over a mudl wider freq uel1C)' 
range. 

In addi tion to those mentioned 
above, the dy natron ha s many other 
applica tions. I-Iull * has descri bed its 
lise as an amplifier ;md as a detec tor. 
I t can also be used to measure tuned 
l'ircuit resistance. If the con trol grid 
bias is adjusted ulltil the tube just 
oscillates, the im pedance of the tuned 
circuit is equal to th e negative resist
;ince of the tube and the circuit resist
ance ca n he found from the expression 

.Op. cit. 

L 'I'h . , ' CR' e negative tuue resIstance 

can be measured in a numuer of ways. 
linum at used small posi tive and nega
tive incremt:nts in plate voltage to 
determ ine it. Another methlXl which 
works well uses an impedance bridge, 
as shown in Figure ~. The [Ube plate 
circuit is placed in parallel with .. 
know n resis tan ce, th e combination 
form ing one arlll of the equal-arm 
bridge. Th e nega t ive [UbI.' resistance is 

I . I R, R •. 
t len given ))" r "" -,---- slIlce 

R~-R, 
R,= R •. 

Very prt:cise measurement IS possible 
wit h this arrangcment. 

The use of the negative resistance 
characteris tic of the d )' na tron in a 
resistan ce-coupl ed amplifier has been 
described by Dowling.t 

t t-I.:!.jimt linurn3, " A Method or Measuring 
th .. R ~dio_ j:,tqu .. nq' Re$isl~ncc of wn Oscillll_ 
10'), Circuit," Pr(Krllii"lf oj I"" InSl il/lfr oj 
Radio £"Ki" url. March, 19.10. 

t J ohn J. Dnwling, "A Nt" i\ lo:t tlQd 1)( U,ing 
!{ .. si~ t ~nco: Amplifica tion with Sc'~ .. n",1 Grid 
\'1I.1 ... ~." t-:.xP"illl,,,fIlIWirtIIU (3 'TIN IVia/uJ 
E"liNtrr, 1'0""''' 1', No. SJ. FebruJ.r)·, 1918. 
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USES OF POWER-LEVEL I ND ICA T ORS 

THE instrument which indicates 
the level of power in a teJ..:phone 
transmission circuit is an in+ 

yaluable device for measuring the 
performance of the circuit, both while 
in use and for testing. I t is called a 
power_level indicator, or a volume indi. 
cator; more si mpl)', V. r. 

When connected acro!ls a tran smi s
sion line carrying a program of voice 
and music. one of its furll: tlOns is to 
indicate to an operator between what 
approximate power limits the sound is 
being delivered past its terminals. 
Speech and orchestral music power 
vary between wide limits during trans
mission, but the indica tor, not follow
ing each sudden va riation, reads a 
mean wh ich is known as the Average 
Power. i\ Jost power-level indicators 3tC 

sim ply vohmeters ..... hich show the 
voltage across the transmission line at 
the point of measurement. The voltage 
is, of course, a function of the power. t 

The measurement of the electrical 
power in the voice circuit is not difficult 
once a reference point ha s been de
termined. Two 1e\'e1s have been rather 
arbitrarih' chosen as the zero or ref
erence le~'e l of power. In some tele
phone and broadcast ci rcuits, it is 
taken as 6 milliwatts; for Carrier and 
cettain other te!t:phont: circuits, it is 
10 milli ..... atts. The choi ce is quite 

• Engin~er, General Radio Company. 
I The inJic~lo r, being a \'Oirmeler, reaJ~ 

proportion.H) 10 bolh Ihe power and the im_ 
ped:mce of Ihe line; i.e. 
A ., .,;zJV II hen II' _ the power in wau~ ~nd 

Z .. the impedan~ in ohms. 
The impedance, Z, of a Iransmi..sion line is 

sncn by the formllla: 

l 
I. 

• - \ C 
wher~ J. and r. arc thr inductan~e and cal'~d_ 

arbitrary, but 6 milliwatts is the most 
usual. Wit h this as the st:mdard refer_ 
ence level, power_level indicators arc 
calibrated to rcad the ratio bet.ween 
the actual po ..... er and the reference 
po ..... er in decibels. 

One example of the importa nce of 
maintaining a check on the signal 
amplitude of a telephone circuit is 
illustrated in Figure I. AA and BB 
represent 4 ele<'t ric conductors running 
close together, as in a cable, for example. 
I n thi s condi tion there will be an appre
ciable amount of capacitance betwet:n 
them. The pair .1/ / is being used for 
ca rrying speech origina ting at the 
transmi tter; while someune is listening 
to an entirel)' different conversa tion on 
the pair BB. The capacitances between 
these 4 conductors form Ihe familiar 
bridge arrangement. I f the bridge weft' 
balanced, t hat is, if all . of the capaci
tances were eq ual, none of the signal in 
~"would appl'ar in B. However. in the 
majori ty of actual circuits no such 
ideal balance is possible and some part 
uf the signal in . 1 is heard in the re
ceiwrs. It t'an be found by experience 
at JUSt what power level this inter
fering speech bel'Ollles troublesome. It 
is ncct'ssaq ' then for an operator to 
observe the volume level of the speech 
at th e power-Ievd indicator and to hold 
it below the interfering level by means 
uf the \,olume control. Hesides the 
difficulty from such crosst:dk, a po ..... er 
level which is too high may overload 
repeaters. amplifiers. or reproducers in 
the circuit. 

!ance of 1111 infini'e line. In pnctke, this method 
lIorlu Ollr to be ~bou( ,0;:) or 600 ohms. Po .... er. 
level inJica toT) ~re u.ually o;-.. hbta,ed on this 
basi~ wich 6 milhw~ct! :lS the ref~rence level. 
The .",feten!:e i~ Ibm about 1.73 .. olts. 

[ ; J 
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On Iht' other hand, tl1t~rc i:; a very 
definite level of ex tran~ous noise pres
enr in all telephone circuits. Its magni
tuJe depends on a number of factors. 
On outside tclephon~ lines, interference 
may be pi cked up from nearb), pow~r 
lints, Atmosphe:ric electricity afft"cts 
the lines quite as seriously as it does 
radio. Poor {'ontacts, gtl1t:rator noise. 
and microphone his." all contrihute: to 
the unavoidable .. noist level" in all 
voice circuirs. I n order that speech may 
he undtrstandabl..:. it is ess..:ntial that 
its volume does not fall below the nois..: 
level of the system. The power_levd 
indicator provid..:s [he means h} which 
an obsNver ('an know whcn [he speech 
power is bdow the noise levd and can 
corre:ct the condition. 

Thus, thtre are two definite limits 
l>etween whil'h sptech circuits must 
operate. The value of the powcr-lc\.d 
indicator is to tell the operator just 
what the speech power level i~, in order 
that he can in tell igen tl ), handle the 
circuit. 

Considering the limits of s~ech 
pOwer [hat may be used, there is an 
interesting analogy between telephone 
circuits and recording un W:lX re(Oords. 
Due to infinitesimal irregularitic:s on 
the !'urfate (If the wa)t, tht're is alwit\, s 
prCSt"lIt ;1 Certain amount of surface 
noi se or "ncedli:' scratch." Th is is rhe 
"twist' levcl" of [he W:l)t n'coni. J\ lusic 

, L ______ J 

or speceh i III pressed on the record 
must have an amplitude in excess of 
this in order to be intelligible. On the 
other hand, the maximum amplitude is 
determined by tilt: swi ng the m:edle 
('all make without cutting t hrough to 

the next gruove. T he usual !Jafe ampli _ 
tude for records used in talking picture 
rtcording is about 0 .00'2 inch . .There is 
danger of cutting o\'er if :lIIy greater 
amplitude is uS<!d. T his is the overload 
or "crosstalk" point and the signal 
must not be allowed to exceed it. 

'('he ma.xilll um range between the 
allo\\able low :lnd high level s un a wax 
record is about :16 decibels, a power 
range of about 4000 to r. Ordinary 
speec h will never apprOlIl'h t his puwer 
1'ange, but orl' ilestras, unless especially 
trained and under tht guidance of a 
careful condul'tor, will sometimes co,'cr 
:I volume range of 60 decibels, ur 
r ,000,000 to I. For thi s re;lson, the 
recording levt:1 must be carefully 
monitored and not allowed to exceed 
the limits defined by the rccord char
acteristics. The sam..: is true with 
the film recording of sound. The 
maximulll level is limited ill this case 
by the width of the sound track. about 
0. 1 indl. 

The lise ()f the \'olume indicator is 
not. Lv all~' 1l1e:tns. limittll to monitor
ing w~rk. it is often lIs..:d as an aid in 
e(llializing telephone circuits, An ordi-

TRANSMITTtR VOLUM e: C.ONTROL POwtR U ;v t.L TWO PA IR 
T CLEPHONC CA8Le: INDIC. ATOR 

• • 

• 
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nary telephone circuit will transmit 
certain of the voice frequencies Illuch 
beuer than others. l'"or the trans. 
mission of speech with fair intelligi. 
bil ity, a frequency spectrum from '200 

to .1,000 cycles is needed. But a line 
that is to be used for high quality 
transmission of both speech and music, 
for example, one connecting a broad · 
casting studio with its transmitting 
s tation, must have:1 Rat characteristic 
from 50 to 5,000 cycles. In order to 
improve the frequency characteristic 
of a line so that it may be used for high 
qUlIlity transmission, corrective net
works or attenuation e<jllalizers are 
used. The struc ture of one of these is 
shown in Figure '2. The anti -resonant 
network is tuned to the (requenc), that 
it is desired to emphasize. 'J'lJe value 
of the resistance determines its ('ffe(·· 
tiveness. Several o( these ne tworks arc 
some times connec ted across one line 
.md set (or various frequencies. '1'1) 
adj ust t he equalizers, seventl disne tc 
frc(lliellcies from an uscil lator arc scnt, 
onc at a time, into the line at a given 
amplitude as determined by a power. 
level indicator. At the receiving end 
another power. le\,d indicator is cnn· 
nected across the line and thc eCj uali7.crs 
adjusted until the power level is ap. 

7 

LINE EQUALIZER CIRCUIT 

proximately the Sllllle at all of the test 
frequencies. When this is dOlle, the 
engineers are assured that the line has 
:I uniform transmission charactcristic 
over the (requency band. 

A gain or Inss in power transferred 
through a network may also he found 
with S?me precision by reading the 
power 1I1tO and out nf the network 011 

the powcr.!c"d indicator. It is neces
:-;ary to note that the intpl..-dance on 
bo th sides of the network being meas.
ured is the same. I( it is nnt, the indi· 
e,Hor reading must be corrected. be
causc it wil1, for a given power, read 
high or low in .n:eorda m·e with the 
impcdal1l:e across whi ch it is con
nected. 

LUlIOR'S N01E: The Ju ne issue of the (;1:111'/'(1/ Radio 
1~.vpe/'iIllUlfe,. will commemora te the firteenth ann iversary 
o( the founding o( the General Radio Company. On that 
uct'asion, the e<litor steps aside and yields his chair and billc 
IlClKil to an :lI1onYI11OUS guest, whost! identity wi ll forever 
remain setret. 

The General Radio Ellperimentcr is published 
monthly to furnish useful information about the 
radio and electrical laboratory apparatw manu
factured by the General Radio Company. It it 
lent without charge to interested penont. Re· 
quests should be addres~d to the 

GENERAL RADIO COMPANY 
CAMBRIDGIt ... . UA8SACIIUSETTS 

~U".O." u~ .. 
CO .. C:ORO." H 
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SINCE 1915 
General Radio Company has been designing and manufac
turing electrica l measuring instruments for use at communica
tion frequencies (0 to several million cycles per second). A 
list of rhe most important items in rhe line is g iven below. 
Many of them have appl icarjon outside rhe laboratory. 

, , , 
Frequency Standards and Measuring Devices - Magnctosrricrion 

Oscillawfs - Piezo-Elecuic (Quartz) Oscillators - Wavemerers 
Vacuum-rube Oscillators - Radio-Frequencies - Audio-Frequencies 
Bridges for Measuring - Resistance, Inductance, Capacitance-

Vacuum-tube Characteristics 
Resistance Boxes 
Precision Condensers 
Calibrated Inductors 
Attenuation Networks and Voltage Dividers 
String OsciUograph 
A-C Voltmeters - Vacuum-tube Type - Oxide-rectifier Type 
Standard-Sig nal Generator (for radio-frequency voltage measure-

mentS) 
Galvanometer Shunts 
Transformers 
Relays 
MiscelJaneous Accesso ries - Vacuum-rube Sockets -Rheostats and 

Poccmiomelers - Switches-Plugs, Jacks, Plug-i n Mouming Bases 
, , , 

Our Engineering Department publ ishes a monthl y magazine, 
The General Radio Experimenter, for free distribution to anyone 
interested in technical developments in communication engi
neering and allied fie lds. A memorandum with your name, 
mailing address, and business affi liation will p lace you on (he 
mailing list. 

GENERAL RADIO COMPANY 
CAMBRlDGE A, MASSACHUSE'TTS 
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