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INVESTIGATION OF GRID-PLATE MODULATION
FOR RADIO.FREQUENCY AMPLIFIER

- IRTRODUQTION

gh smplitude modulstion is not the only possi-
ble method aaaﬁ in radio transmitters for brosdessting, it
hee, by far, become the most dominant system used to-day.
This @yah@m le now well developed and we cannot expect very
much mors to be galned, either, aa'hﬁ the degree of modula.
t&an §r &8 to the minimum amount of aaatarﬁiéa obtainable.
- The present day t#an& 15't@ﬁarﬁ incressed efficlencles of
redlo-frecuency smplifler operation and every effort is be.
ing mede &a.waauea ﬁhé first cost as well as the operating
gost of transmitters. |

There sre two genersl methods of spplying smplie

%ﬂdm'gm&alatian to radio tranemitters, The redio-frequency
gurrent of the finsl smplifier zﬁbé mey be modulsted, either,
vhat 18 celled low.

before or after the tube, resulting in
or higﬁ;ieval system of mm&ulgt&aa,r@spaative;y. For the
low~level &yata&, modulation is spplied to one of the ear-

lier stagee of power amplificstion and the output amplifier

| stege has only to reproduce faithfully the modulated wave,
) §
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This scheme hes been the standsrd in designing high power
transmitters but hes the dissdvantsge of low average ef-
ficiency when designed to handle a completely modulsted
wave, High-level grid modulstlon, ss 1t is sometimes
aalla&.l
1t requires the

slgo falls in the low.level clessification since
smplifier tube to perform a linesr opera-

tion raaa&tigg in & low aversge plate ciroult efficlency.
The advantege of this method is that 1t requires a negli.
gible amount of modulsting @@w&r.ﬁ For the high.level
gystem, moduletion ig applied to the plate cireoult of the
ﬁnplxrxa?‘ The linesrity of the amplifier can be suffi.
clently high to meet requirements for high plate cirecult
efficiency but the chief disadvantsage is thet it requires
large smounts of mﬁﬁiﬂﬁﬁrﬁﬁﬁ sudlio«frequency power for
modulation,which is difficult to obtain, fince this power
m1gt be supplied by sn amplifier, which, usually, hss low
efficiency, the overall efficlency is rather low. With
the aQVanﬂéln the art of deslgning high power sudio.
fru@aanax'tranararm@rw;3 the applicstion of high power

elags B audio modulstion permits the oversll efficlency

s S S E——— shimmion

York; McGraw-Hill Book €0., 1937, Pe 536

25, W, Kighpaugh and R, E, Corsm, *Low Power Ra-
dio Transmitters for Radlo Brosdeasting," Pros, I. R, E,,
XXI (February, 1933), 212, '

35, A, Chambere, et al., "The WLV 500-Watt Broad-
§§s§ Transmitter,® Proec, I, R, E,, XXII (October, 1934)
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ler operation to be high,
Gontrol-grid system of moduletion, having

for unmodulated carr

vantsge of vequiring negligible modulating power, 1s count.
erascted by & iawjpl&twraawaait efficiency, which result that,
when the total m@ﬁxpmamﬁ for esch ie 1@@&&11&&, there ia &
very 1ittle ﬁiff%r@ﬁ@@ in‘ﬁﬁanamy betweon control-grid snd
plate system of modulation. Methods of eontrol-grid modu-

lation,ueing either "grid.current® or the "grid.voltage®

b R g
syetem, sare rsther limited in broesdesst serviee because of
the difficulty in obtaining = completely modulated weve
with tolersble velues of aﬁ@&a distortion, In order to

overgome or minimlze th@aa ﬁi&&ﬁ?&ﬁtﬁgﬁs seversl systems of

! ﬁffl&i&ﬁ@?’ﬁpﬁ?&ti@m have been devised, 54 6 Ty & ?*1@

& “Ka&am E@Wﬁ& of %&ﬁ&lﬁ%’iﬁﬂﬁ E1oge

éﬁ _Chtrelx ”mgh Power Outphasing Modulstion,®
E., XXIII (November, 1936), pp. 1370-1392.

| hre. H, Doherty, "A New mg}a—-mﬁ@mﬁw Power Ame
mlifxer tmr ﬁeﬁalate& @&vsa Proo., 1. B, E.,, XXIV (Sep-

%, . Terman and John R, Woodysrd, "A High Effi-
olency Grid Moduleted Amplifier,® Proc. I. R. E., XXVI

(August, 1938), pp. 92§*9%§

9&. B, Dome, "High Effictency maumwr System, "
. 25 5 ( August, 1933}t PP 96 2982,

1@5, ¥, Vance, "A High Efficlency Moduleting Sys-
foﬂm;“ gr@gq I ﬁ. ga; KWII AULETL at, 1939)' Ple §§11

iaac

@




i
iu other methode of obtaining incressed plate eir.

eult efficliency of radlo-frequency smplifiers an sttempt ie
maﬁa to vary the grid and plate voltage of the amplifier
tube simultaneously in propertion to the everasge amplitude

of a modulating tone, These varlations are sald not to

tion to & ﬁwgﬁua where 1t gannot be used for high quality

and, accordingly, intreduce distore

%rmn&aiaa&&n~ Examples af these methods are controlled

u&rwiar-wfaulatiﬁm,lg dynamic-ghift linear ﬁﬁ@liiiﬁ?313 and
dynemic-ghift geid modulated amplif&amaln

A fourth system of grid-plate voltage modulat
was introduced by Frenk O. Jomes™> called Cathode lodula-

 %ion, which offers a workable system without the disadvan.

%ﬁgm_afvawy&ng the average carrier amplitude with moduls.

tion., The sudio-fracuency power is introduced into the

gathode elreult of 2 readio-frequency amplifiier tube and

both the grid-blss asnd plate voltage are varied during mod.
wlstion, The operating effliclency is a compromise between

AT A s e e et e e o s

“1b1d., p. 537.
133* B. A, ansznﬂ, "A Hew aigh ?ff&aien@y Linesr

Amplifier," ﬁ&&ii&, No, | (May, 1936), p. 8&.

&&F. E. T&waan and F, A, Evereat, "Dynamle Shift
~ Grid Bilas Modulstion," Radlo, No, 211 (July, 1936), p. 22.

15?. C., Jones, “Cathode ﬁaﬁulatisa,” Radie (Octo-
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good effliclency but expengive maﬁmimt@r-rﬂr high-level mod.
ulation sznd g@@r-sfficienay with 1nmxp@§3$ve modulstor for
grid modulation, This method is, essentislly, of an sdmix-
ture of the two modulating systems snd, hence, gan hsve a |
portion of the advantages af'eaah with the dissdvantage of
neither, ¥ith normal operstion, &h@a$'7§par»@ant of the
modulation 1aigappliaﬁ by ﬁhé gﬁiﬁ‘biaa'Mﬁthaﬂ and the re.
maining 25 per cent by the plate voltage varistion. This
raamlta in 8 enrrier efficlency of sbout 50 per Qﬁﬁﬁlé and
requiring rﬁla%&é&iy 1ittle sudio power as compared to plate
modulation systems, usuaslly, ebout ten per cent of ﬁhﬁ.QMﬁ
@lﬁﬁafiﬂﬁﬁt4tﬁ the mm&ui@t&@ gtege. An elementary sireuit
for gathode modulsation is shown in Figure 1,

If an andlio-frequency modulating voltage, 8,0 18
introduced into thé cathode eireuit of the redlo-frequency
smplifier by transformer T, it will modulate both the rlete
supply voltage snd the grid blas voltsge of the stege, With
ne modulation the cathode of the amplifier is, approximately,
&t ground potential since the IR drop 1s low in the second.
ary of traneformer T, but, when modulation is spplied, the
cathode of the tabe-varigs with respect to ground in sccord.
ance to the polarity of the modulating voltage, This, in
turn, varies the effective grid hxaa and plate voltage on

ed,; West
940},

Hartford,
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T
the tube reaulting in & modulated output, Assuming !

during the first slternation of sudio-frequency modulsting
voltage, the polarity of e, 1s as indicated on Pigure 1,

In the series circuit between the cathode and plste of the
emplifier tubs, . sdds to the plate supply voltage K, re-
sulting in an incresse of plate current and power output,

In the grid a&#@nitw however, ﬁﬁ aocts 80 to oppose the grid
b&aa_#al@aga-aﬁaﬁ sogordingly, there is & decrease in effec-
%ivdg@r&dgwaiﬁ&gw which brings about an inerease in plate
admittance of the
erease of plate current akﬁ power output. Thus, the modu.
lating '
because both tend to ineresse the amplifier ontput. On the

:w@%ifiar-ﬁﬂhﬁ resulting in & further in.

voltage on the plate snd grid eireuit are in phase

next half of the andio-moduleting oyele the polarity of ey

is reversed which
voltage a:
ereased effestive blss voltage. Accordingly, the amplifier

resulte in en efiective decrease in plate

4 & decresse in plate admittance due to the ine

output decresses which corresponds to & valley in the modu-
lated earrier,

This syetem of cathode modulation hag an ilmportant
digadvantage since the radlo-frequency coupling condensers
in the amplifier introduce frequency distortion by sttenu-
gting the high sudio~frequengy range. A practiesl eircuit
of cathode modulation snd ite equivealent are shown in Pig.
ure 2, It msy be observed that all the cepseclitances of the



&
praetical eilreuit ehunt the audio modulation transformer
ganeing the high sudio.frequency range to be attenuated,
Uspacltance @g of the equivalent cireult represents the two
gondensers of the practicsl circuit in parsllel; C, repre-
gents the plste eircult radic-frequency coupling condenser;
0y represents the distributed capacitance of the fllament
gireuit of th@,gmpl&fiﬁr';asmuﬁing the capacitance to ground
due to the filament transformer windings., The effects of

attenuation msy be observed in Figure 3. Curve A veprasents
the rragaﬁmay charscteristics of the amplifier inte an aqui-
velent _..latence load, that is, same 88 that which the cath-
ode cirouit presents to the modulation transformer. Cuvrve B
ghows the rectified output of the radlo-frequency amplif&ar'
and severe attenustion can be observed. Degenerative feed-
back gould be used, but then the modulating emplifier will
have to wiﬁkatana‘xargarvpa&k volteges and, if not designed
for this, distortion resulte as well aé lower over-all effl.

eleney of the radio-frequency and audio amplifier,
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GRID-PLATE MODULATION

Since eathode modulation pogsesses limltations

which are & serious objection where bighwquality transmle-

glon is required, & new aiw@uit'&rrangamen% was sought to

improve the frequency cherecteristies and distortion, The

arrangement to minimize the undesgirsble ahnﬂting a&pa&&t&aéa

aaraﬁa the modulstion tr&asfmﬁmar, a8 ahﬁwn in Fix

ure 3,
paga 9, waa to &nﬁr@ﬂuaa s series modulstor 17 into a con-
ventional redio-frequency amplifier circult between tha
plate supply source and effective gruﬁnﬁ. The series o 15
ulator tube is then replaced with a modulation iransformer
- 80 that the plate supply voltege would not have to be in.
eressed sbove the maximum required for normal claes € opere
ation of the amplifier, ?ha,grid:vaiﬁagﬁ variations te
fuifillltha requirement for grid-plate modulation are obe
tained by the grid voltage aystem of ma&&iatiaa.&g This
is sccomplished by tapping the modulation trsnsformer from

~ the affeativw ground end until the proper grid velt&g&

?ﬁﬁarlea A, aulvar "Beries E@ﬁulatap, Froe,
I, B, E., XXIII (May, 1935), pp. &81-495, Ay

18 oeb, op. oit., p. 0.
10




B
variations gre obtained. An elementary clroult of this ar-
rangement is shown in Figure 4, psge 12, From this cireuit
it may be seen that the
to & position in series with the effective ground and nege-

modulation trensformer is shifted

tive terminsl of the plate power supply, deviating only szs

to poasition frﬁm“tna ﬁﬁﬁ@ﬁﬁﬁl@ﬁ&l;ﬁlﬁtﬁ.Vﬁlﬁ%ﬁﬁ modulstion

arrengement, This 18 necessary so that the grid voltege
 veristions are of proper polerity during modulstion for the

regiired in-phege operation to take place., This arrangement

‘81111 has disadvantsges even though the shunting cepacitsnces
aoross the modulation traasxarmgr'wara raﬁaaadA@a aaiy ﬁné,_
"gwﬁa and ﬁi&ﬁ$ ¢ir@ﬁ1%’r&&iﬁwfrﬁﬁﬁﬁnﬁy goupling condensers,
@1 anﬁ'ﬁa. The grid capacitance 61, however, is ﬂegiga&&ble
since 1t ie connected only to a portion of the modulstion
transformer, and the eifective grid coupling caspscitence is
of low value, With modulstion it may be seen thst the plate
power supply must vary in potential with respect to ground,
This 1s not serlous for low power transmi&taralg.bat for
transmlitters of large ocutputs the power supply equipment ine
 eresses in bulk and, asccordingly, the cspseltance to ground

becomes again a serious factor, even though this new srrange-
ment hag decressed the effaétiva shunting capscitance of the

- filement circuit.

\ lg”&@mypawev~%ransmittara-haing those of 100 watts
or less.*
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‘To  correct these oObjections in the higher
power transmitiers a conveniional plate moduletion trens.
former is equipred with s tertiary winding to &mggly the
gﬁ&&v&lﬁagﬁ-variﬁtiame end it is connected in the conven-
tional manner with the nlste pawarlgﬁppiy‘&na the rodio.
frequency amplifier, With thie echeme all of the objet-
%16&@.&va'ali§iﬁataé'wgh@ﬁ than the ones due to coupling
condensers wa@éira@ in the redio-frequency &ﬁ@i&fi@? and
:&1ﬁﬁr&hmt@ﬁ gapreltance of the component parte, These are
found in most present dey transmitters aﬁﬁ are not & serious
objection, An elementary circuilt of this method is shown
in Figure 5, v |

These two outlined methods of lmproved grid-plate
modulated amplifiers were checked experimentally for oper-
ation to show correctness of pringiple snd esch opersted
as expected, The frecuency response charscterictice ob.
tained from each srrengement were practlicslly identiecsl
'w&th.%h& exception that the tertiary winding operation gave
a slight inerease of twe 4b at 10,000 cycles per second,
?hi& was due to the faet that the plete power supply 4id

not have to vary in potential with modulatlion above the
effeotive ground, If the ecquipment hsd been of larger con-
struction, considersble sttenuation would probably be ex-
perienced st the hilghesudio rrﬁquan¢y end, 1In s practical
epplication the only consideration thst must be given to

the grid.plate modulated radlo-frequency amplifier using
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 %hm'§éﬁ%igry‘wzaﬁzag is thati the
magt heve a minimum amount of phase shift, that is, the

modulation transformer

phase relations between the secondary and the tertisry
windings of the %?&ﬂﬁf@ﬁ&&?'muat be yr&@t&a&l&y rero o
.Rﬁay the sudio distortioen of the ma&algﬁaa-ag%yut~tm a8 mine
imum, This tr&nafmrmer aﬁns%wuﬁti@n ls expensive but 1a
glso & aaeaaaary r&quiramanﬁ for @hﬂ nge of aagsmarativa
tan&b&&k to minimize nmiaa and é&aﬁart&am é@?@lﬁp&ﬁ by the

waﬁi@*xra@n&nﬁy i*wl&fiﬂr tube,




EXPERIMENTAL TRARSMITTER

?ha~§ﬁ@ériﬁ$ﬁﬁa& transmittier, that was constrmoted
to check ﬁh@'?ﬁiﬂ@i@i&# of grid-.plate system of modulastion,
conslsted of 2 conventional wgﬁiawfr@gaeﬁmy-g@wew'aaﬁlifiér
using a type 10 tube, The modulated stage wasg exelted by
& type 5% tube opersting &8 a ¢lass ¢ smplifier and ite

 frequency was @@ntw§11a& by & type 2A5 tube as a eryetal
oscillator operating on a fr@@m&ﬂﬁy of 1010 kiloeveles,
The modulation srrangement wss &s shown in Pigure 4, This
was not the one desired, but hed to be used since a good
greade modulation traneformer with & tertisry winding was
not avalilable, ?hé'@arti&ﬁy-wanﬁingmaﬁhw& of obtaining
 grid variatlons waﬁvﬁﬂﬁakaﬁ by using & transformer with a
lsrge lesksge resctance which vroved the prineiple of ope-
eration, but the nhage ghift experienced waoe too great tﬁ?
epplication of degenerative feedback which ie necesssry to
bring the developed dlstortion of the medulsted stage to a
resgongble value for e@mg&rigaﬁ.wighzmthar>sygt@ms of ine
oressed efficlency operation, The best availsble module .
tion transformer wes & Kenyon Type $%§%§  suitable for

&gxanyﬁn Transformer Co., Inec., New York,

15
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universal operation and rated at 75 watts.
This transformer, designed for smateur radio ser.

vice, has sn audio-frequency ?anga of about 300 to 5000
eycles per second, This, of course, is not sultable for
the effective present day broadcast ranges of 30 to 10,000
ﬁyﬁlaadgﬁv_awaﬁﬁﬁ-@btaimabla by the grestest msjority of
brosdcast &raﬁgm&t@ara; it wae ﬁéaiﬁn& that this renge be
investigated., The schematic diagram of the emna%ﬁuat&@ L
perimentsl trensmitter as shown in Pigure 6 includes the
modulsted emplifier and the tank eircult of driving stage,
ineluding the moduletion transformer. The modulstion trans
former Ty has connected to its secondary terminals, 1 and
2, which conelst of one-half the trensformer turns, & %000
ohm potentiometer such that any desired smount of grid mod.
- ulating voltage may be obtained, Thig grid modulsting volt-
age ie obtained with respect to the effective ground and is
equal to e, as shown on the dlagram. For the yzgté eircult
modulation the negative tﬁrm&a&l of the 600 volt @nwar'aup; '
ply is connected to the teps on the transformer gecondsry,
@m¢h~£hat,prﬁgar modulating voltage E, 1s obtained for the
required percentage of plate ma#ﬁl&%ign‘ The resistor 23
is connected to the extreme secondary terminal, labeled 4,
and to the negative power aupglyvlaaﬂ, This resistor is
non-inductive and adjustable, For different values of
moduleting power requirements the losding can be adjusted



e
P

R.EC,

L
!

M\

]
é [

: X X
4t B i o) i E. &
L/) LZ; larnk Coi/ Lo@ B :Q

C,, Cq- 500 pptd. u\,wvnbé [H 7vee 45

C3; Cs, Cr - 0.002 p o/

Cs 3 =Fapdeyf ‘ k
/Q, e OO0 O6m5 ‘ =
Ko~ 5000 ohbm Fot 2

120 v.

: <00 V DcC.
Rs- 12000 ohm Ady Supply
Ra- | megobrs b
Fo,~ <470 obms

1Z0 v,

Fi16. 6 —Schematic Diagrarn of Experimerral Trarsmtfrer

4T



18
80 that the modulator is always working into the same load
a8 that required for complete modulation, This is reguired
80 that the input distortion te the transmitter is always
ired
by the modulated stege. The grideblas supply is constructed,
?1 such that an adjusteble bise
is obtained an& & relatively lower reslstance path for the

of the same value regardless of the amount of power reau

using a vaxt&gau@agalatar tube

peak amaxa eurrent to flow during modulstion evele wiﬁhaat
- chenging the effective grid blas voltege. Condenser Og 1s
required tg by-pass the audlo-frecuency componsnt of grid
‘modulation. The resistor Ry, a8 shown connected to the ex-
cltation stege, is required go that good reguletion is ob.
a%2 in order that during pesk 6f

talned " modulation the effeo~

tive grid excitation does not decresse due Yo the inoreased
' load end introduce distortion. The transformer Tgs connect.
ed to the primary of the €00 volt power supply, le necessary
to obtain different values of §1at&7v@1tags needed for the

experimental results. The modulstor amplifier as shown in

Figure 7 is & conventlonal type operating with two EL6 power
tubes as push-pull clase A. One of these is driven by a
yhaaa*invartar tube, The ph&aaainvartmr e&rmait wag chogen

alﬁhe Redio &mattnr*s H&nﬁbaak, e_._@it., Pe 139

| 22yalter H, Wirkler and Arthur A, Collins, “Grid-
Blas Modulation of a 100-Watt Type Power ﬁwﬁlirier,ﬁ'ggm,
XA (Mareh, 1935), p. 29. |
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20 |
go that & minimum a&aan% of phese shift would be experi-
enced, The secondary of the input trensformer 7, is con-
nected to & bridge elrcuit E§Egﬁ$a& #0 that degenerstive
feedback esn be applied without upsetting the conditions of
the original input eireuit, The advantage of this arrange-
ment is thmt_@»gﬁa shift can be corrected to some degree by
a&&aaﬁiug'%ﬂ&’?&i&ga*

Lo tae feedback rectifier requirement is for & hum-
free distortionless output. It wes constmicted as a fulle
ﬁaﬁa'réqtifimr go thet the w&éxamir@qumnay'a@mgﬁﬁaat ie
cancelled without the use of & filter. A type 8I tube was
found moet satisfactory since it eould handle 1arg& véltmga\
with &§§rmxima%$1y no &1$tartian, The tuned ﬁiremi& of the
raat&fie# was losded with e é@siﬁtar'315 so that its fre. |
queney resgponse would be se broad as poseible to minimize
phase shift,



CRMINATION OF OPERATING CONDITIONS

In degigning a redio-frequency amyiifi&r’f@r grid-
?xata gystems of mm&ﬁlﬁti@n the problem to be golved g in
obtaining the proper opersting points., BSince we apply both
.g#iﬁ end plate mmﬁﬁl&%imn, each system is investigated for
the most aatiafaatary‘aanﬁitian during complete modulation.
-ﬁhia progess can be done either by an actual cut-and-try
method or by ﬁ&l%ﬁl&&iﬂﬁ‘ ?ha‘xattar mﬁthaﬁ is usuelly the
"%@at-aatistaetaryﬁ gince 1t raqﬁiraa less time 4o a&ﬁaﬁm 0P
timum operating conditions, particularly, when large trans-
mitting tubes are involved., To caleulate exact points of

aparuﬁiaﬁ the method outlined by D. C. Prine&gz

véquifas
the use of statlc charscteristic curves of the vacuum tube
under consideration, This method takes aaﬁsiaerablg time
before correct sssumptions are made to give the best oper-
ating vonditions, A somewhat more simplified method was

outlined by Mouromiseff and xazsnewakian by using conatant

. 23&, C. Prince, *Vacuum Tubee as Power Oseclllators,®
Proe. I. R, E., XI (Suas, August, October, 1923), pp. 275,

&“I, E., Mouromtseff snd H, N, Kozanowsli, "Analysis

of the Operation of Vacuum Tubes as Class C Amplifiers,"
Proec. I, R, E,, XXIII (July, 1935), prp. 752-778.
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ecurrent éi&amawmmm curves for the tube under gonsidera-
tion, but unfortunstely, the amount of labor . involved re.
guires aleo ﬁm" moch time and constant current wsves usually
are not svailable. A simplified mtia@& was, then, sought

for mmw% g the performance of tube operation with reason.

sble scourascy end in minimum smount of time so that pointe
during & modulating cycle could be investigated.

Tne method outlined by W, G, Wagener, 25 the lateat
published, 1s similar to those outlined by P, E, Termsn and
J. H, Mrn,% end by ¥. E, Termen and w, ¢, ‘ﬁm&k@.g? In
general, all three methods are based upon the sssumption
that the totel s;mcm current of the tube ecsn be expressed
by the following msthemsticel relstion |
Total space current ——/fP +f3/ o Al /3,,7”-/- jp i (1)
where x g an exponent fairly close to 1.0 for wost types
éf transpitting tubes depending .tmn the geometriesl cone
:smat&m of the mba, the 3/2 power Ming the i1desl,

EBW. G, Wagener “&mpliﬁm Mathaéa of cmﬁuting
Performances of '!'mmiming Tubes, " Proe, I. R, E,, XXV
(Jammry, 193?); Pe ‘%"7.

: 25?. E, Terman and J, H, Ferns, “The Csleulstion
of Class € Amplifier snd Harmonic Generator Performsnce of
sammuﬁrid and Similar Tubesa,*‘ Proec, 1, R, E,, XXII (ﬁawh,

193%), pp. 359-373.

ETF. E, Termsn and W, C. Roske, "Csleulation and
Design of Class C Amplifiers,® Proec, I, R, H,, XXIV (April,
19%6), pp. 620-632.
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ﬂag&ﬁ&#ﬁs made seversl analyses of actual plate current
ipu&ﬂaa ﬁh&t were typieal in amplirfier operstion. He sghowed
that amthaﬂah §hé exponent 4id not remsin constany it may |
be treated aﬁ'ﬁﬁ&%y &n:asgﬁhliahimg'ratiéal@f pesk values
of plate eurrent pulse to the direct current value and the
ratio of fundamental &&t&rﬁaﬁing @urreni gomponent to the
maximum plate current component aa‘ﬁ‘fmﬁ@ti@n of the angle
of fliow, 5

' Thus, for the analysis of the plate current pulse
it ie multe responsble to trest the exponent as unity for
the peak vealue of current, Then, upon the sssumptlon that
space current ig in the form given by equstion (1), & curve
can be plotted which gives the relationehip between direct

enrrent xan‘aﬁﬁ fundemental frecuency component I. of the

total epace current in terms of mgxlmum'apaea auvianh I, and
%ha'ﬂambar-@f electrical degrees for current out-off to teke
plsee, Such a curve is ghown by Figure & and its derivation
An Appendix I which, also, includes @quatiﬁns for obteining
curves for exponents other than unity, From the two curves
it 18 then possible to &@t@émine the direct current and

fundementsl slternating component of the space current pulse
withont the necessity of using the point-te-polnt method of

galonlations, The key to the golution of any operating

s

3$waganer,'¢ . DAk, P 53,
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problem is, then, to locate the maximum current from the

tube characteristic curves and substituting them inte ratios
obtained from the chart in Figure &, corresponding to the
engle of cut-off, From this the velue of direct current
gnd the fundamental slternating components sre obtained,

- Starting with one of the extreme opersting pointse
of gride-plste moduletion, euch &8s complete grid medulation,
the charscteristics for the opersiion of the tube must be
determined first. 4 tube memufacturer’s msnusl is consult-
ed to obtsin the meximum tube chsracteristics for low-level

nod

gystem of operatlon ” and pesk operation is conelidersd firvst

80 the tube may be xulxy'ﬁﬁiiixg&*

The procedure and c¢ale
#ulamzaﬁ-xﬁr-tha experimental transmitter are shown in Ap.
pendlix I1.

The cther extreme of grid-plate modulstion is that
which 18 obtelned completely by plate voltage varistions,
It 48 clsssed sp ¢lase € telephony, plate modul:ted and the
maximum tube cheracteristics sre obtalned in the sewe man-
ner as for grid modulation. The procedure and caleulstion
for the experimental ﬁr&namiﬁ%&r‘arﬁ ontlined in Appendix
i 4 &

The results of the @ml@ul&tians for the extreme

wodes of operation are then plotted on raet&ngalar‘asarh

agﬁ.c. A, Tranamittia& Tube ﬂ&nﬁal, B, C, A,
Manufacturiig Co., 1NG. (1038

L19515
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dinate paper with the lef't ordinate representing the oper.
ating volteges for complete grid modulstion and the right
ordinate rayw&éééting complete plate modulation ae shown
in Figure 9. The corresponding points of esch method of
modulation are then joined by a straig

ht line, since the
percentsge of plate modulation varles as a linear function.
The abecissa between the two modes of operastion ls repre-
gented in percentsge of plate wmodulstion, These curves
represent only earrier condltions to which the experimental
transmitter must be adjusted without modulation. 'The curves
resulting from eslculation are the plste aupgly-vsitagm By
radio-freqguency plete voltage E

o

the maximum instantanecus positive grid voltsge b
S mex
The plate current for all conditions of erstion was held

grid-bias voltage E,, end

constant at 55 milliamperes, Included are also two curves

' xa&zaatiﬂg the necesssry modulsting potentiale for complete
modulation, 8ince the percentage of modulstion is a linesy
funetion, the grid varistions am_wara caleulated ae a straight
line, being zero, when complete plate modulation wee taking
place, ﬁimilaﬁly, the §iaté ﬁ@dulatian'voltaga gurve ig

ghown in terms of percentage of plate modulstlon, This

éurve wes obtalned by the product of the percentage of mode.
ulation and the plate voltege recuired for the mode of op-
eratiéﬁ.

From these curves in Figure 9 the experimental
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trangmitter 1sg adjusted to the mode of

modulstion desired,
For example, to modulaste the experimentsl transmitter with
60 per cent plate and 40 per cent grid veristions, the
curves sre consulted and the operating voltage obtained

from the intersection of the curves with the 60 per cent

plate moduletion ordinste, A@@@rﬁiﬂgly, the plate voltage
By, is BH0O volts, grid-biss 1s 172 volts, and positive peak
grid exclitation 'ﬁ@nvax is 82 valta; The experimental
transmlitter wes then adjusted to tﬁas» opereting pointe
and the taak eireult loaded with a non.inductive resistor

Eb’ Figure 6, page 17, until the calculated current of b

pEperes waa‘ba&ng'draﬁn.hy ﬁhQ‘&MQlifiﬁr eirouit,

The nan»in&uﬁtivagrasiat@v losd was aﬁ;&a&ad by varying

the number of turns on the tank eireult to which it was

gonnected, A vacuum tube va&%m&tﬁr,3a which was used

1n‘a&3uat&ngv£ha trangmitter to the desired operating points,
1e connected between the cathode and plate of the radio-

| frequency amplifier, The peak radlo-frequencgy voltage mess.

ured should correspond with the caleulated value of Ege
These values were then obtained for different modes of op-
eration and a curve was plotted %&th,a dashed line on Fig-

ure 9. It esn be observed that the voltages measured were
rather close to tha caloulated point, meaning that tha

approximste system of caleulating tube operation for the

3G&@yandix IV,
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sxperimentel transmitter was scceptsble,

The power relations corresponding with the voltage
gurves of Figmréﬂé are shown in Figure 10, The ocsloulsted
linee are selid snd thﬁiaxg$rim@ata1 are ghown ss daeghed,
The experimental power output curve was obtained by m@a&an»
ing the radio~frequency voltage and @énva?t&mg*it inte
power by ecquaring the effective value measured end dividing
by the reslstsnce of the non-inductive resistor losd, The
power out-put for plate modulstion, which corresponded to
the ma&iemrwé@aenﬁy voltege observed for the same operstion,
waalgvuaﬁer %ﬁaﬂ oaleculated, The losses in the tenk clreunit
were probably not in excess of one-half watt since the ar.
rangement was designed to heve & low velue of reszctive pow.
er to rﬁal power, The efficiency eurve followed thé power
‘output eurve in shspe since the power input wes the same
for both the aaiaulﬁ%aﬁnén& experimentsl values,

The power required to modulste the hy&namigta? is
shown in Figure 10, It beglns st spproximately, one-half
watt for complete grid modulstion since the modulating
gource must furnish = yartaf the grid-excitation logses
of the radlo.frecuency modulsted smplifier snd doeg not
have to produce power for the aeae#sary side banﬁe.jl

For complete plate modulation the sudio-frequency

33'313}3@&;13}2 and Coram, op. €lt., p. 212,
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voltsge is #up&r&m@ﬁaaﬁ-aa the direot supply voltage snd
eurrent (EB “”&.mh) and mwa%-%é equal to the supply voltsge.
J/ V2 and
I,/Y2 and the sudio modulating power recuired is 1/2 Eplye

Hence, the r&ﬁﬁwﬁa&mwaQﬁaﬂa valuesa are egual to E

This gives the two extreme pointe of power recuired for
grid.plate modulstion and the in-between points are deter.
ained by a stralght line drawn through the csleulated points,
In spplying modulstion to the tramamiat#g)%hﬁ modie
lating volteges for both the grid and plate must each be
adjusted to thelr proper walues, Should the trensmitier be
required to operate 60 per cent plate and 40 per cent grid
modulation, for complete modulation, the values would be ob.
tained from ocurves in Figure Qlan the 60 per cent plate
modulation ordinste, For 60 per cent plate wodulsation, the
audio modulating pesk voltage mist be %25 volis and the
pesk grid variation spproximately, 35 volts, Assuming that
the experimental trsnemitter has been adjusted properly for
the B0.60 per cent mode of grideplate modulation and then
plate moduletion ie applied, the modulating voliage is ade
Justed with a vacuum tube voltmeter go that its value is
given by curve E,. Observing the modulated redlo-frequency
cutput on & cathode~rsy oseillogreph the grid modulsting
voltege is adjusted until the observed imeges indicate come
plete moduletion, This grid volisge voriagtion was messured

by the vacuum tube veltmeter and the resulting value plotted
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on Figure 9, "hey correspond very cloeely but 2 greater
value was required then csleulsted. This wes brought about
| by the fsect t&az’ﬁns_ragulatiaa of the ériving stage was
not perfect anaiit y&@u&rwﬂ considerable more sudlo voltage
to drive the smplifier for complete modulation.

| To ﬁaﬁarmiﬁa'ﬁhﬁ-pawer input to & modulcted stage
and modulster for high-level systeme of modulation
i " (2)
. _ E Trre
where ?g is the total power input, ?ﬁ the power input for

A =/%,-(/+

an ﬁnﬁaﬂalataﬁ carrier, T the plste affiuianmy of the mod.
ulator suplifier, and m the degree of modulstion,

For & c¢lase A modulator the plate circuilt effi-
glengy is prmp&vt&@&ai to the 5%&&”& @£ the modulating
voltage, that iﬁ,Q& is proportionsl ta.mg, and éaaﬁrﬁiﬁgiy;
the power input 1s eonastant snd indepondent of modulation,
Value of efficlency for the modulator is sbout 30 per cent
for 100 per @enﬁ moduletion with tolerazble values of dis-
tortion. Considering a @1&&3 B modulator the practical
value of f, 1s substituted in equatlon (2) for determining
totsl power input with elese B modulstors,

The theoretical meximum valuﬁs,52’ 33 of qm for
clases B equal to TT/4 or 0.785 per cent. If, then, the

32 onembers, et sl., op. cit., p. 1151.

331, E. Wouromtseff snd H, N, Kazanowaki, *Compar

ative Analyesls of Wster Cooled Tubes as Class B Audio Am-
plifiers,® Proe, I. R, E., XXIII(Oetober, 193%), pp. 1l224.1251,
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modulator plate voltege is sesumed equal to the redio-
freguenoy power amplifier direct plate voltsge and the
modulators are considered as operating at true cut-off
with no moduletion, the theoretical sssumption f@r«qm
would be proportionsl to m and, sccordingly, the power
input would uee from P, to e meximum vslue in a linear
relation to m, For practice thege assumptions 4o not hold
gince the plete current of the modulator is usually held
abont 20 per gent of the maximum value for complete modu-
lation &ﬁ& the meximum velue of %m is sbout 65 per cent,
Asauming bh&t the meduletor input rises linearly with mode
wnlation from 0,20 to the meximum value given by Tm ¢ 0.65
the power input is,

2+ 0. G
A Gl R cconstonn )

‘From this i1t is possible to cesliculate the total
pawer‘iﬁpat required for any mode of operation and degree
of mmd&l&tianz



© EXPEAIMENTAL RESULTS

¥ith the alfferent modes of grid-plate modulstion
charseteriotios for resdlo-frequency amplifier caleulated,
the next etep was to determine the cheracteristics of modu.
lstion, such as, tr&qn&a@y %i5ﬁﬁpt&@a, amplitude dietortion,
phase shift, and the effects of degenerative feedbsck for
‘their connection. The experimental work ineluded only five
- modes of gridsplate modu) stion for investigstion and compari-
gon, Although the experimental transmitter hed ite limite.
tion, due %6 pour cusiity of the moduletion trensformer,
resconsbly good resulte were obtsined, The five modes of
gﬂﬁéﬁpi&ﬁa modulstion are the two extremes of complete grid,
gomplete plate, 20 per cent grid - S0 per cent plate, 40
per gent grid - 60 per cent plate, and 60 per cent grid -
40 per pent plate. |

The frequency dlgtortion curves obirined from the
experimental transmitter are ghown in Flpgure 11f These do
not eomply with the present day standerds of pood engineer-
ing practices ns followed by the redio broasdczeting indue.
try, but are sufficiently good to demonstrate the limita.
tions of oathode modulation and the improvement of

2k
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degenerstive feedbeck on the cherscteristics obtsined with

the five modes of grid-plate modulstion, The method of ob-

teining this experimental date wes the connecting of a
Genersl Radie Type 626-A vecuum.tube voltmeter to the oute
put of & full-wave rectifier, The rectifier ciroult consiste
ence transmission line to the transmitteres output, The

ed of & center tanped tuned eircuit coupled by a low

outslde connections of the ﬁangﬁ elreult were then cone
neeted to the plates of & type 84 tube with an output load
resletor gonnected between the center tan of the tuned eir.
cuit and esthode of the tube, Thig is similsr to the feed.
back rectifier circuit es shown in Plgure 7, page 19.

¥ith the vacuum tube ﬁaiuwatar connected to the 1@&& P
slstor 1t measured only the root.mesn.scuare values of the
deteoted output, being zere for ne modulstion and varying

~ proportionslly to the amplitude of modulation, A sine-

wave tone was obtained from s R, C, A, 69-4 best-fresuency
oseillstor connected to a &b meter £ar-6ﬁtm§ﬁimg aﬂ input
reference level and an attenuantion box for reducing the
audlo-fremency ontput of the oscillator to a value required
at the modulator amplifier input to produce complete plate
modulation of the radio-frequency amplifier,The audio-
,fragaéncy reference point was chosen ss 1000 cyeles per
second, Holding the sudlio-input to the m@éulgtiﬁg amplifier
gongtant and varying the modulsting frecuency over the
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usable range of experimental transmitter in steps to give
satlsfactory points for plotting the dats, the voltage oute
put of the detector was recorded and converted to db gsined
or lost with respect to the 1000 ecycles per second reference
point s shown in Pigure 11, Curve A represents the fre.
quency distortion charscteristics for complete plate modu.
lation with 45 milliamperes of direct-current flowing in
all the secondary turns of the modulation transformer., This
curve gives a good indiecation as to the poor gquslity of the
modulation transformer used, cut-off beginning at, svproxi-
mately, 400 cyeles per second and the upper limit being,
approximately, 6000 e¢ycles per second sllowing & one db
variation plus or minus., A good tranaformer, as used in
commerclsal transmitters to-day, has s frequency responss
within plus or minus one db from 30 to 10,000 ecyecles per
second, For the mode of complete grid modulstion, curve B
is shown., It does not follow the exact curvature of curve
A spince the modulation tranafﬁrmer'ap@ruteslan s different

portion of 1ts ﬁgzs}&iﬁatxan eurve and results in 2 differ-

ent velue of apperent alternating aurrant-yarmgahiliﬁyB“
gince no direct current is being passed through the se¢.
ondery winding of the modulation transformer, This resulte

in & somewhsat poorer fr&q&eaer responge gince the trang-

g :

3“&& etie Core Materials ?raatggp (Br
_ gekanr&&gs
Pa.; Allegheny Steel GO., 1037Js Ds Bfe 4
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former wae designed for 1&?@@v7&1ﬂ$$ of direct @arrﬁnt B8
used in amateur radic operation., For the different modes
 ¢£ grid-plate vkria%ianﬁ,%ba frequency response curves were
between the limiting curves A and B but were not plotted se
a8 not to congest the figure with too many curves of nearly
the same shepe, The plate ourrent supplied to the transmit.
vkémawas meinteined constant at 45 millismperes for sl modes
i operation but the reason for the varistions is thst the
‘effective ampere turns were different for each mode of ope
to be supplied with & dif.
ferent value of plate modulating voltage, as shown in Flg-

eration since each operation had

ure 9, page27 . Ourve C ie included for cathode modulstion
t0 show the improvement that csn be expected with the grid.
.piata method of modulation. Ourves A' and B' are the re.
saltant frequency response aharaatariat&as of curves A and
E, réspectively, when 15 db of degenerative feedhsck from
the rectified rsdio-frequency searaa is aup@rimp@ﬁea on the
| ia@at eireult of the modulstor smplifier,

For auﬁianfrﬁqaenay ﬁiatartian charasgteristics an
R. C, A, type 69.4 ﬁiatarﬁian meter was uged in eaa}uaatxen
with the best-frequency oscillater. The arrengement is the
same as for frequency ahar&ataristiés with the exeention
that a semple of the radlo-frequency output is supplied to
the dlstortion meter, Algo & cathode-ray oscilloscope is
necessary to adjust the transmitier to complete modulation

by observing the modulated wave,



The resulting aﬁaiazirequenay digtortion curves
without é#@ﬁnarativa feedback for the five m&&eg of grid.
plate modulation are shown in Figure 12, Hach of these
curves were obtalned for 100 per cent audio modulstion. The
aavva.ﬁ r&yv&aeﬁta the aiatavtian obtained fér'lﬁ& gar cent
plate modulstion and has the lowest distortion of the other
four modeg when the m&d&l&tmr'iﬁlaupplyiag the msximum amount
af‘audia'p@war to medulste the radlo-frecuency &mplifi@r¢
But when tha,rﬂﬁ wes made for the next mode of operstion, 20
per cent grid - 80 per cent plate, curve D, the demand for
sudio-frequengy power from the mmaulﬁtar-hgﬁ decreased to
80 per cent of that recuired for 100 per cent plate moduls.
tion, assuming that the power input remsine the same, This,
in turn,-wﬁll éée»eﬁﬁa the distortion préaugaﬂ in the modula.
tor amplifier snd, sccordingly, the curves of Figure 12
would nat,ka suitable for eampariaaﬁ, glnce in each @eﬁa of
operation they would have a different value input distortion

and no suitable reference point on vhich to bere experiment.

al results, %ha‘arr;_y&mant_usaa in the e#yarimantal trans-
mitter is shown in Figure 6, page 17. With a vacuum tube
voltmeter the sudlo modulstion voltiage at 1000 gycles per
second reference 18 messured for 100 per cent plate
modulation and A4its value recorded, Then, for the next
mode of operstion, eensi&aring 20 per cent grié - 80 per
cent plate varistions, ﬁha medulstion tﬁ&nsfarmﬁr was

tepped to give the proper modulsting #altaga for the
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particular mode, With the vacuum tube voltmeter connected
to the u@ae,t@rm&a@iﬁ.af the wodulstion transformer ss for
iﬁﬂ-y#r ﬁaa%'ﬁaﬁﬁi modulation and with modulation applied,
a nen~inductive resiestor, which ie connected scross a por-
tion of the output treneformer is sd)usted in resistance
until the veouum tube voltmeter resds the seme value of
voltage as for 100 per cent plate modulstion, With B0 per
@waiwﬁiraetate moduletion taking pleace in the radio-frequen-
ay*ampimtiaﬁtg%&ga,anly 80 per cent z& much audlo power is
required to modulate the direct eurrent input and the other
20 per cent 1s dissipated in the non-inductive resistor
wﬁiaﬁitwtuia up to the aaﬁg amount of sudio-freguency modue
'&at&ng pmwﬁr-aa‘ra@&&raﬁ for 100 per eent pleate modulation,
CGhecking this method with a distortion meter, indlestion was
thaﬁ'fa? all modes of operation the distortion curves of
Pig
close to thet shown by gurve E for complete plate modulstion,

are 12 had the same amount of input distortion which was

In other words, the dlstortion curves ss shown give the dis-
tortion that was generated In the radio-frequency amplifier,
which waa hﬁiﬁg.&ﬂ?@gtigaﬁaa; For the other three remsining
modes of operation, ourves ¢, B, and A, the same procedure
was repeated for esch at the 1000 cyeles per second pefer.
ence point,

| These curves of Figure 12 indicate relstively high
values of distortion in the higher sudlo-frecuency ranges,
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In order to keep the level of modulstion for sll sudio-
frequencies 100 per cent it was necesssry to incresge the
guﬁia«fym@aanﬁyliﬁpﬂt to the m@ﬁu&&%ar'gmgmafxar o over.
gome the attenuation as shown in the frecuency rusw@naé
charscteristies of Figure 11. In doing so the modulating
voltage input to the transformer had to be inoreased and

incressed distortion resulted se the magnetioc saturation of

the transformer was epproached, ﬁmnsiéﬁriag the sudio.
xwwqanaﬁy renge of the curves between 200 and 1000 oyeles
per second, 1t ie evident thet considersble distortion is
developed by moduleting the grid in conjunction with plate

. modulation, Coneidering grid-plate modulation with in.
ereaned glzeg of transmitting %ﬁhﬁs)largar amounts of dig-
tortion may be developed, thereby, s means must be provided
to decresse this distortion to & velue which is acceptable
by prﬁaénﬁ day aﬁgxaéaring practice, By using degenerstive
feedback an effective ilmprovement gan be obtained, Nr,
Blaﬁk,35-ar the Bell Telephone Laboratories, has shown that
by feeding back & szmple of the output ér an amglﬁfier to
its input eireuit, in phase agyasitimn to its input voltage,
there is & grest incresse in the performence stability of
the smplifier, with a reduction in gmplituﬁa distortion,

naias, and an lmprovement in frecquenecy response charscter-

353 B. Blae

%8tsbilired Feedback &mgliriars,
pnal, XIII (Janusry, 1934),

*?
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isties. Assuming that en smplifier hee & vector veltage
gain of y.(p meaning a complex ratio of the output voltage
to the input voltage of the amplifier oircoult and not the
smplification constant of » vacuum tube) end a passive nﬁu;
work,/S between the output snd 1n§ua with 1ts polerity eo
arranged that the feedbeck voltsge ie 160 degrees out of
phage with the input voltege., If the overstlon is steble,
is given by the expression

plifier gein is reduced such thet the resulting gain

£epas 4 ()
[+ 1

To have stable feedback, that 1s, to be free from

oscillation, the amplifiar gain must degresese until its
ﬁagmiﬁﬁﬁa of3is laaa'ﬁnﬁﬁ‘eﬁa when the combined phase
shifts in the smplifier and feedback eircult hae resched
4 ,

-w&g&ﬁav&tiva feedbsck and custained ageii&&ﬁian will tske

B0 ﬁﬁg&ﬁ@ﬁ. ﬂtharwia&, the reversed phase will supply

place,

| ?haifirat ponsideretion in ap@%ying degenerative
f«ﬁﬂb&akaé ¢ an &mplifyiag $yst&m is to know how meny
stages of amplification sre included in & feedback loop.
The second i the améunt of phase shift of the interstege
coupling elrcuits &t high sudlo-frequencies, of these,
phase shift is of fﬂnéamental»impartaﬁaa in determining

ﬂ 360, 6. Young, “Aoplying Feedback to Brosdcsst
Trensmitters,” Electronics, XII(August, 1939}, p. 20.
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8 amplifier eystem will Dbe steble, PFor a single

stage of amplification uelng feedback, an unlimited smount
of feedback is pessible since the meximum phsee shift is
90 degress at extreme ﬂﬁ@%ﬁﬁﬁ@l@ﬁ.g? For & two stage sm-
plifi@r~tﬁa maximum phege shift at extreme audio-frecuencies
ie 180 degrees and in operation it never resches Instsbility.
But with three ntages, 270 degrees are p@ﬁﬁiﬁ&@ at the ex-
treme frequenclies so #haﬁ feedback is introduced osellls.
tions, usually, result unless the feedback voltage is low
enough, aﬁ@k that /3 is &@ﬁ& than one for the frequency re-
gponse of the amplifier st 180 degrees phase shift.

Bince the experimental transmitter consisted of a
three stage of smplification over which the feedback loop
| is necessery considerations had to be given t& phage ghifs,

To minimize th&'?ﬁa#a shift the modulstor smplifier
was constructed, using a yh&aa#invwrt&rfaxvaaiﬁ slullsr to
one ghown by J. R, Day and J, B, ﬁuﬁsﬁllaa for nracticel
feedback application. The modulstion transformer of the
experimentsl transmitter was the grestest gource of phase
shift due to 1ts 1arg¢'ais§kaga resctance. To minimize the
phase shift in the radio-frequeney stege, the ratlo of re-

active power to resl power of the tank cireult wes designed

wpi

37F, %, Terman, *Feedback Amplifier Design,"

Electronies, X (Jenusry, 1937), p. 12,

38, R. Dey and J, B, Bugsell, “Prsotical Feedback
Amplifiers," Eleetronics, X (April, 1937), p. 16,
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of low value g¢ that no yhasamshii%-axishaa3g within the
experimental sudio-frecuency ranges.

in &p@iyiﬁﬁ degenerstive feedbock to the experiment.
al tranemitter the sudio input was adjusted until the output
of the redlo-frequency stsge wes completely modulsted by ob-
gerving & cathode~ray oscilloscope. Then, feedback, = recti-
fied sample of the radlo-frequency output, is introduced ine
to the input of the modulstor smplifier and ineressed until
oscillation takes place &nd then becked off just below the
‘point of aaamllatiaa.‘ The audio input to the modulstor ame
plifier ie raieed until the tr&namiﬁt&r is modulated 100

per cent with degenerative feedback. The smount of effec-
tive feedback 1s determined from the difference in db set.
tings of the attenuastion box for the aﬁdi§~fra@aanay input
“to the modulstor améliri@r with and without aaganﬁraﬁive
feedbaock,
| It was desired to have 30 db of effective feed-
beck but oscilletion would always occur for the experiment-
8l transmitter with feedback grester then 178b since the
phage shift of the médal&t&ﬁﬁ transformer was too great., It
wae declided that 15 &b af feedback was sufficient to demon

strate the improvement obtained by its spplication to the
grid-plate modulsted transmitter, Figure 13 shows the re.
sulting distortion curves with 15 db of degenersiive feed.

ngaung, op. Qitw-g Pe 2&‘.
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back -nd considersble improvement can be observed over those

eurves in ?&gurg 12, Curve A r«prwaauts complete grid modu.

lation; curve B, ko yar eent grid - 60 per cent plate modula.
tion; and curve C, @@mplwt@ plate ﬁﬁﬁﬂlﬁti@ﬁg Ourves for
the other two modes of grid plate modulation were not shown
gince they fell within the 1imiting eurves A and C and would
have eanrua&é the grwup of curves, | _

: Phese shift charscteristics wh&@h limitaa the &m@unt

of feedback were measured and found to be not more than g@
degrees for both the radie frequency emplifier and the phase
inverter c¢ircult., Fraetically all the phese existed in the
transformer., Phase shift characteristics of the experimental
twansmiﬁtar*gra ghown in ?igur%'i%, gurve A representing the
phase shift without any~£ew&bm¢k and curves B and C with 8
and 15 db d@g@narat;#@ feedbsck, respectively. The method

of meaguring phease shift wes to use & cathode-ray oscillo-
geope with one set of deflection platesconnected to the input
of the modulator amplifier and the other get of deflegtion
plates to the output of the feedback rée@ixiér. The method
of converting the ebs@rvad'aliiyse produced on the cathode
ray oscilloscope screen into degrees of phase shift is dis-

cugsed in Appendix V.



—— —— - ——

N

/2

- ame 7 Earerarn
Q’ // _{;.__.__1 Yl SR l i > +.A S T
U v f { i !

74— ~+ e it S S i ’
5 | ‘ P
e e e s B o —

| : i g

o e i J} T -
: 7-~<,»~ 4—~-T»-.--——~—~~~-—-——~-~—-~'—~ 4 ‘ R --1;»«~-~~<;L—--- w——;»-——-?’—-— 1L ; —-—--»—*——-4}-»-—-—--—-———»—-——-—-‘ T o T
3 6 | ‘
LB
.
?) 3
A e e S e e T
B /
5 { ‘ jr

(19 200 <0 DTS et b | )il

27Y) 2 3 < e 7 8. 06D 2 3 < 5 T8 000
Modcilating Freguerncy i Cycles per Secand
Curve A~ 100 per cent Grid Modwlatiorn with 1.5 db Feedback.

Cuirve B— 10 percent (zrig- 60 per cent Plate Modulatiorr with /5Sab Foedback

Curve C~ /100 percent Plate AModiilatbion with /5 b Feeaback

i 9, 15 For /,r o1 Charcicter

e p/ufg_; Meod e latror Wi rt Feedbuck..

LV



T

-~
Q

T T
| ! ;
1{ '

Lol i SRSt L o) N G T

Lag

Q
34534
= e pe BT

i

Phase Shifr 1n Degrees
A

04 ‘
/15 | 3 l
\s IO ’; , & 2 L A
g45 e e e it +1~ e -
75 i 1 b ? i i fieo o] J
100 2 A s 5056 7. 8inl00G 2 3 -l S Gt 7. 810,000

Fig. 14— Fhase

Secornd

st it witbhow?t Feedboack.
,/7/3‘ witlr B o6 Feedboack.
Shift withkhh 15 b Feedaback

Modula ting Freguerncy in Cycles per
Curve 4 ~ Total phase
Curve B - TJotal phase
Ceirwe G — 70 Farl Lo Freas e

Shitt Characteristics of Experimerntal Grid- Llate Modlas tad lransmitter

=

8%



CONCLUSTON

Experimental rvesults indlcete that the msthed of
gathode modulation ie inferior as to frequency distortion
and phase shift due to the lsrge shunting cepscitance across

i method of grid-plate modue

the modulstion tresneformer, ¥
~lstion, using the ﬁ@r@&a&?‘migﬁxmg‘%ﬁ &hﬁ&%ﬂ,ﬁ@&ﬁ.v&wiat&aaﬁ;
ie equlvalent to the present day system of plate modulation
&g Yo frequency distortion aﬁ&w&at&riatiaa and 1te spplica.
bility for degenerative feedback to correct for the distor

ﬁi@h-ﬁ@vala@@a'&y=aha grid veristions, The avproximats

 method of obtaining opersting characteristic ie sufficlently

gocurste in ecomnaricon with the exsnot polntetoepoint system
since the opersting results were all within ¥ per cent of
thoss ecaleulsted, The major diffieculty in the experimentsl
work resulted in the poor quality of suflo modulstion trense
former, segopdingly, not m&ﬁk.ﬁﬁﬁ_iﬁﬁyﬁﬂﬁ.ﬁhﬁﬂ% 8ll the pos.
gibilities of the grid.plate method of mofulation ss to high
plate elrcult efficlencies in the region near complete grid
modulation with low audio-modulsting power and the effecte
of large degenerative feedbsck in improving lax
of amplitude diastortion, %xgarim@atai dsts obtalned were

ge saounts

ressonably good in checking the principles of medulatien,
: .~
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design of operating conditions by agpraxzmata solution,
and operating characteristies with the application of
ang&neraﬁivn fﬁé@ﬁa@k. It appesnrs from the work that has
been done that grid-plate system of modulstion has def.
inite possibility for spplication where high quality trans.
migeion 1s reanired with low m,t.m. coet of equlipment snd

power consumption,
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APPENDIX I
ANALYSIS OF PLATE CURRENT IMPULSES

The curves &s shown in Figure 8 may be caloulsted
as follows: the wave form of the plate current mulse hes &
shape corresvonding to equetion (1), thet 1is,

| ' &
Total space current = g, ( o Su AT //P
The exponent x le tsken as unity and the plaste current oulse
will be essentislly a ssction of a eine wave for the Aurs-
tion of 20 end the helght above the baae'limﬁ, as shown in
Figure 15, will be I, . The sngle of plate current cut-off
4 ie defined as the angle whose cosine esuale the ratio of
the direct-current component amplitude to the slternating.
current component amplitude, For 3&%@13%1%3} @ ia ecalled
the out-off mg;ls,%‘ The plate vurrent flow then occurs

over a portion of 2 eycle and ig equal to 26,

e

L g ; ‘
R, B, Glasgow, Prineiples of ﬁadie gﬁkinﬁﬁriﬁi»
(18t od., New York: McGraw-WIII Book Go., 10367, ’
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s /— cos & :

the ratlo of m aﬂrmi *m};m M aiﬂat mwmt to the
pesk conduetion value in the tube. These wers plotted in
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Flgure 8, page 24,
To obtain the fundamental radioc-frecuency compone
ent of the pl&té’éarrant pulse, equation (5) is multiplied

by cos /3 and aversged over the eycle, This results in

L=
IP =#OSA — cos & cos 3 o3 (9)
o
Integrating,
29—81’72 —cos 8 5tn O

lp = = (10)

Dividing equation (10) by Equastion (7), we have the
ratio of fundamental radio-frequency emmpan&nt of current
to the maximum valus,

/o / 20 -5t 26 -<cos & 5en 8

iz X |

I 2 /| — cosZé¥ (11)
2

To obtein the discussed ratios for some values of
exponents other than unity the following ecustions will

produce the required reaults,

X
/dc 3 ~cosd
e 77//“75- e Y43 (12)

y 4
osA-co.sé
S 7]“ [/-—— cos & /co&ﬂ /2 (13)

rrv




APPENDIX II

CALCULATIONS FOR CLASS C 1T
MODULATED AMPLIFIER

PHONY, GRID

For grid.modulation service of a ¢lase ¢ radio.
frecuency power smplifier; the mgximam rating for caleuls.
tiong are the same as those of c¢lases B radlio-frequengy power
amplifier telephony &ervi@&&l wﬁare‘MQ&alatiam is aleo ap-
plied to the grid ecireuit. For the tyne 10 tube used in
the experimental transmitter, the meximum ratings for car-
rier conditions are;

‘Direct plate voltage, By = 600 volts

 Pivedubencrant plave’ poles Sagut, P, B = 30 watte

Plate dlssipation = 20 watts ;

For grid modulation the pesk 1s consldered first.
Thue, at the pesk, Ep = 600 volte, I, = 100 milllamperes
since it doubles st the pesk of the asudlio oycle, and cute
off angle © = 90°, From Pigure 8, page 24, Idg,/im = 0.319,
end I, /1, = 0.5. Therefore, |

Ip 2I,x05" 318 0.5 » 157 millismperes

56
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From the tube characteristic curves, Figure 16,

the meximum current point of 714 milliamperes is found on
the equal grid md pmm voltage 1line,
me this is a*bta&mﬁ O ... " %mm 1&«@ voltse,

Em
Thﬂm : ‘
E, = 600 - 140 = U460 volts
ez 228 2 75 volws
By = Eg;“‘*gmax;g 75 + 140 = 215 volts

P. 0, = 1/2 I,B, = 1/2‘ X 0,157 x460 = 36,1 watts
‘Far'aarviar operation, ﬁ and I must be eut to one
half af pesk value, Accordingly, fp = 157/2 2 79 milliame
peres, and E, = H60/2 = 230 volte,
' Agsuming thaet for carrier operstion the ent-off
angle © is 63 degrees &z an approximetion to determine op-
- erating voltage points. From Pigure &, page 24,

Igo #Im= 023 3y / By 2 0,8
e e oD AT P
I, = colerT 196 milliamperes

Iag = Iy%0.23 = 196 x0.23 = 45 millismperes

B, . = B =Ry =600~ 230= 270 volts

From the tube charscteristic ourves, Figure 16,
the maxlimum ocurrent curves intersec® with th,a By A

ordinate where @ 1s equsl to 55 vams.

Emax
The rad:le«tmc;ﬁemy excitation voltage of 215
{

volts from the driving stsge remeins constant for pesk or

earrier gonditions and the grid blas voltege required for
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carrier conditions is,

B 2 Eg " egmax 215 - 58 2 160 veolts

Substituting in the equation for grid biss,
gy E5 _ Eolcos 9

E, = 7 +(E_9 7

the angle of plate mwmnt, eut-off is,
Ec—
- [60-78 L -/
= cos 0.4
&5 ‘05/ = / S wizio: 34 4
N

?ma value of eut-off angm ie 2 satiefsctory check

on the assumed value,
Then,
Power Output = 1/2-? X a.ﬂ?ﬁ x 230 & 9,0 watts
Power input = o0.0l5 x60 = 27.0 wetts
Per cent Efficiency = 9. a/znm& = 33 per cent
Summery of carrier wmitwnag
By, = 600 volts
Ige = 45 millimperm
Eg. 215 volts
E»max = B5 volts
BEe = 160 volte
ﬁiepi.k']’ﬁ volte
P, 0, = 9,0 watts
P, I, = 27 watts

% 4 = 33 per cent
E, =. 230 volts



L APPENDIX III
CALCULATIONS FOR (LABS C TELE
MODULATED AMPLIFIER

10NY, PLATE

Por plate modulsted service of » radio.frecuency
power amplifier the maximum ratings isken from & transmit |
ting tube bulletin for the type 10 tube opersted st carrier
levels

Direet plete voltage = 500 volis

Direct Dissipation = 13.5 watts

In order to obtain ﬁ&&&éﬁ&bl& characteristics from
the modulstion %ranatmwmmr;‘%ha'plaﬁé supply eurraﬁt was
limited to 45 millismperes., The grid blas for the ¢lass of
opération was asgumed several times with different values
of cut-0ff angle until the proper efficiency of operstion
wag obtained. In order to show only one set of caleula-

- tions, the bilas voltage is 180 volte; maximum permiaai&la
ls 200 volts.

. Assuming s 60 degree plate current cut-off angle
Figure &, page 24, gives Iﬁafxg = 0,218 gnd xp/:ﬂV: 0,385,
Then,

Ip ® ;dq/g,gls = 48/0,.218 = 207 éilliam;saraa

60



From ma% tube characteristics, Figure 16, the
mex lmum mmrrent abslcca intersects the squal gri&‘anﬁ
plate voltage lim at Ep i~ 100 volte and ®s max 100

volta. Prom this,
Bg = 6y ,ay T By = 100 + 180 = 280 volts

i

5, ¢, - %mm 500 w 1@::} - l-'&og volts

Checking the cut~off aﬁgle ¥
-1 (be™ 5° - I180—63
f = Ccos /E _Z’.:;/:COS 280- 50 —'COS 085/
el
&=59<9°
This checks with the initiasl estimaete znd is sat-

isfactory., Then, _

Ip s 1 XG.E% Z 20Tx0.385 = &0 mili&ia@émg

P, 0, T 1/2%0,080 x40 = 16,0 watts

Po I, = 0,045 x500 = 22,5 watts

= 16.0/22,5 <1002 71 per cent

When complete modulstion is taking plsce the plate
voltage to the tube le doubled for no distortion including
the plate current Ih and the radlo-frequency voltage. These
values are, then, E, = 1000 volts, E, = 800 volts, and
xp = 160 millismperes,

At the pesk condltion a trisl value 1s sssumed and
found to be 74 degrees for cut-off angle. From Figure &,
pege 24, xp/zm = 0,hhg, "

Iy = Ip/0. 408 = 160/0,448 = 356 milliamperes. Frow
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the peak values, we have,
Ep = 1000 « 800 = 200 volts.
/77
Then fram the tube characteristics curves, the
intersection of hhe %56 milliymn&rea &baica& with the
Ep,n”7209 volt ordinate, 1§ is f@una that aglnuxguat be
150 volts. Since the grid @xei%agimh source remaing oohe
stant there must be a shift in grid biss to provide the
peak excltetion veoltage n@ﬁgs@arygaﬁ

En =,Eg B 280 -« 1850 = 120 veolis

V?har& is nec@ss&ry‘a 50 #alt change in blas to
prufida low ﬁigtmftian output of the plate m@ﬁmlat@ﬁ radio-
frmquenay amplifier. |
By = 500 volts »

25@ = Ug milliampegaa
Eg S 280 volts

ag s, 100 vq‘lfm
E. = 150 vﬁlﬁs

¢
EQ z 130 volts
Py 0, = 16,0 watts
P, I, = 22.5 wetts
% % = 71'p$rleent
E, = 400 volts

aaﬂﬁarnmtﬁeff and Kozanowski, op, eit., p. 760,



APPENDIX 1V

VACUUM TUBE VOLTMETER

Blnce 1t wes desired 4o messure radio-frecuency
volteges up to 800 volt pesks with 2 minimum amount of cur
rent from the gource being measured and a minimum smount of
input capacitence, a vacuum tube voltmeter wes constructed
since none was avallesble with such charscteristics., The con-
struction is similar to that by mrq'Waliar'3 with the excep-
tion that higher volteges are measured and the input capaci-
tance 1z lower, &'type 55 tube is uceed since the triode
gection messured with a radlo~frequency bridge gives the low-
est input capscitence of the receiving tube class, the input
capacltence was measured to be ?f¢né/w1th short leads., The
instrument 1s based on the "glide-back" prineciple and was
eslibrated with a 60 cyele high veltage gource using 8 £tan-
dard voltmeter up to 750 volta. The accurscy may change
somewhat with the aspplicstlion of radlio-frequency voltages but
'with the measurements made the percentage of error wss believed

to be very small., A schematic dlagram ig shown in Figure 17.

5. o. Waller, "Amateur Application of the Msgle
Eye,* 987, XX(October, 1935), p. 35.
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~
4’)/ /'-/ argf 55
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o = 2 megobrm
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Rs — /O M obhm (O wart
He — 1000 ohmi var
KRr - 2000 ohbrms
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Ex - 0000 Wid ricq
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/CZ? (L= Tetrermiatic of Vacwwrm Tupe Vojtmeter

’[;3 /8 -Method of abrtairirng FPhase “hift Characteristics,




APPENDIX V
DETERMINATION OF PHASE SHIFT

if two sinusoidsl voltages of aifferent phese re.-
latlions are spplied to the &efi&@timnrplﬁtﬁa of a cathode~
rey osclllosgope at’w&ght.anglas3ﬁe éﬁdh~@th@r, the figure
traced on the screen will be a Ligeajou Figure in form of sn
ellipse, BSince the shepe of the ellipse s determined by
‘the phase angle between the two spplied voltages, 1t ls pos-
sible to uéa this phenomenon for measuring the angulsar phasge
relation, Considering thst the volteges applied to the
deflection plates are of the seme magnitude and fremency

- the egquations of the spot: are ; (14)
X= A srrr (wt) ’ ‘
y=B s (wt+b) - (15)
where € 1s the phase engle of B, ZEquation (15) can be

written , : . :
)/_-_.— B(sin(wt)cos 8 + cos (w:‘/szn)

“ (16)
= 3 Slh Cw*j cos & 4//_6.”'72(“”‘/ (S/h 6)7 '

From (14)
sim (wt) = Al (17)
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Substituting (17) in (16) zives

By N =V X B (s @
B"j_ A 6059 / Az (5/’7 /

Saquaring snd mambinimg terma _ %y

XZ\-/- Y Q\V cos @ = sin*@ (1€)
4% 32 e

With the magnlitudes of A and B equal the e@u&timhvia
simplified -

X4+yZ2-Zxy cos @ = AZsu720 (19)
where x snd y are the coordinates of the point P in Flgure
18; A, the amplitude of the deflectlion voltage, =nd €, the
phase angle between the components.,

Changing the form of equation (19) into poler
coordinates and simplifying’givaa

4 1Zsir Py eos @ = A%2s1m %8 (20)

—
From the Figure 18 it may be seen that when A is
4% degrees the radiue + 1s one half of the mejor sxis and
similarly 1f O( is 45 degrees in the fourth guadrant the
radius ~ 18 one half of the minor axls of the ellipse,

Substituting these va1%f$ in equetion (20) gives
G2 D0 = B4 BT ess 0

= 4 =4 <
from which
at — 6%
aq.sé’: R ‘ 48Ry

From this the phase angle can be determined by eimply mess-
uring the major end minor axis of the ellipse produced on

the cathode.ray oscllloscope and sgubstituting the values



6%
in equaetion (21). RXach signal to the plates must be of ;
the @m@ amii’méa m&;s&’&s free from dlatortion as pogeible
w" error will méizit in the measurements,
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