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Abstract:

The problem set in this thesis is the design and construction of a radio transmitter for Montana State
College. The transmitter complies with the Federal Radio Commission’s regulations, and is suitable for
general experimental use.

Through this instrument the writer was enabled to experimentally attack the problem of negative
regeneration and carrier control.

No given design is copied in the construction of this transmitter.

The circuits and arrangement of equipment are governed by the material available, the appropriations
allowed, and the plans for carrier control and negative regeneration.

The design follows only the fundamentals of circuit theory and design practice and involves some
original ideas on carrier control.

Part II of the thesis gives a brief description of the transmitter.

The description covers the general characteristics and the special features involved in the operation of
the instrument.

Part III gives a discussion of carrier control and negative regeneration and explains the theory and
assumptions that governed the. experimental work.

Part I'V takes up a discussion of the experimental work and gives the results of the tests that were made
on the carrier control and negative regeneration equipment.
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3“5.
PART 1
INTRODUCTION

Thg problem set in this thesis iS'thQ design and construciion oﬁia
radio transnitier for NMontana State Colleges Thé transmitter complies with
the Fsderal‘ﬁaaio Commission's rsgﬁlatiéns; and is- suitable for general ex=
perimental use. ‘

Phrough this instrumegﬁ»%he w:iter‘ﬁés enabled to experimentally
atback the problem‘of‘ﬂegatiVe.régenﬁfationAand carriar eonbrol.

No given design is eoﬁiedﬂin the construction of this -transmitter.

The ¢ircults and arraﬁgement of equiﬁment ﬁre governed by the meberial avail-
able, the appropriations éllowed, and the plans for #arrier control and nega-
five'regeneraﬁion, |

The degign follows‘only the fundamenﬁals'cf cireuit theory and deéign
practice and involves some original ideas on carrier control. ‘

Part Ii of the thesis givés é brieffdescription of the transmitter.
The deécription covers the general characteristics and the syecial features
involved in the operation of the instrument.

Part III gives a diseuéaion of earrién control and negative ﬂegenéraa
tion and explains the theory and assumptions that governed the. experimental
wWork. .

Part IV takes up a discussion of thevexperimental work and gives the -
results of the testssthat were made on the carrisr control and negative

regeneration eéqulipment.
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PART .
DESCRIFTTON OF TRANSMITTIR

The transmitber here described, operates under the call 1étfers. W7X8
and was redesigned and rebuilt primarily for tel‘ephm;e eommu-nieation.'. It
can be used as a telegraph itransmitier, however, if it is desirabl@-n The
ﬁransmi'is'bei" is a crystal controlled, 100% mo&uia‘h“eéi.,: short wave machine and
is made to opera;be from a 110 volt, 60 cycle, single phase, A. C. power
supplye. | | |

The transmitter was designed '_principaliy to operate on 8,655 and
17,310 I:iiacyeles frequency, but ‘¢an be opsrated ab anjr of the assigned
frequenclies ii‘ a sultable antenna, c;c'ys-ta;l.;,.‘ and ;wils are' subsi;itutefi for
the ones ncﬁ: in Use.e |

The normal *power, outﬁu% as & telepHone transmitter is from 20 %o 825
Watts at 8,655 kilocyéle_s i‘fe,qugney énd from 15 to 20 watts ab 17,316 kilo~
gycles frequency. At 100% modulation the iﬁgtantanecus peak power is four
times the above given valués., These values are fez':.umnodula‘bait carrier
povier,

The carrier gontrel, power oubpnt of the transmitber is about one
fourth of the normal pov;er: outputa

A 6omplete schematic wiring diagran of the transmiiter is éxhawn in -
Figure l. A desceription of the various parts, shg\;m.in-ﬁ?igum'l?; is glven
in thé appe;xdixa' A simplified, schematic, wiring disgram of the éa::rier co;lia
trol and negéi:ive, regene»rati-c.:x,l eireuits is shown in Figure 3. The notation

on parts is the same in both Figure L and Tigure B
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then ﬁhé switeh, S, (Figure 1 or 5) is thrown ﬁo.the-grodnd position,
ﬁhe.narrier wéva af'thevt?ansmiﬁtar e *off the air“, sxcept when the transe
mitter is modulated. This ﬁrovision allows the tran%mitter to be used as an
i. ¢ W« telegraph transmitter and aléé serves és g means of carrying on a
two way, break in, télephone conversation. When 8y is thrown to the reéis—
tance positiong the transmitter emits a continucus carrier, the same.as ény
normal telephone transmitter¢

The uransformer, TRz, and the resistance, Bgys (Figure 1 or 3) serve'
as ﬂismogtlan correcﬁmon\devicesg 'When cagxler<eqntrol is used, thelr use
is very necessary, if satisfactory telephone communication is desived. Their
use is beneficial in normal teléphone modulamiaﬁf but is not necessary in
'talegraph communi cabion. A | |

If the primary,winding of TRZ,is disconnected, Bgq can be used for noise
suppression and secondary, emissionrcorreqticng These uses of Ry, are only
necessary when a faulﬁy*filter is used in the power supply or a defective
tube is used in the power amplifier stage. A mofe complete &iscussion of
carrier °unpression, negative regenaration, noise supnresslon, and secondary
emigsion correctxon is taken up in Part III and Part IV.

A study of the modulated amplifier dlagram of Flgure 3 will disclose
that simulteneous screen and plate madulamLon is usedn This nethod of nodu=
lating a sereen—grid nube, is the oniy one that gives good quality ai 100%
modulationm The wrlter-assiSued Mre Re Jo Klreher at the Bell Telephone

.Laborayorieg in somé experlmental work on modulation of screen-grid tubes.

.The usea of the screenagrld potentlometer gave the most satlsfactory resul“bso




6,’
" He. A. Robinson {4} o‘btaiﬁed good results using a series sc:rsena:grid resis-
tance, The potenﬁiamejhér,method is ifcorperated in the iransuitter, being
&escﬁbed—a as it is believed to be the "su;)eﬂer ﬁe.‘thaaé.

The use of & sc;‘eenugrid tube is no'ﬁ_ necessary iz; carrier control modu-
- lation, bubt was used in this transmitier because the materials -availaﬁle;
and the assoclated eqﬁipment,. made its use &ésﬁ.ra‘bleﬁ,.. This method of mpdte
lating a s‘ére_én-.-grid tube is not well ]lmom&‘bﬁt 1% is believed that the N

‘method wiil becoms more popular im the future.
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PART ITX
CARRIER CONTROL AND ﬂEéﬁETVE REGENERATION

In soms forms of radio telephone commuiticabion, it is desirable to have
the carrier wave of the btransmitier shut off when the transmibber is not be-
ing modulated. This is ecspecially true In cases where the recelver is lo-
cated close Lo the transmitber and has o receive a slgnal whose frequency is
close to that of the Yransmitier., OCarrier control also has certain other ad~
vanbtages such as a reduchion in the requirements Por noise suppression in the
$ransmitted earrier and a saving in pover costs of operating a high powered
transmitier. TIn the case of carrier ﬁoise due ‘o poorly filtered power
supplies, it is apparent théﬁ %he noise will not be noticeable if the carrier
should be shut off when no modulation is taking place. A saving in power can
be realized with a bransmitier using low level modulation if the radio fre-
guency current is suppressed in one of the emplifier stages abead of the
large powexr amplifiers. This is due to thé fact thét the power amplifiocrs
are operated in such a monner as to cause the plate current to dscrease con-
sifderably sthen the radio-frsgquency drive ia-removed from the grids.

Carrier control is desirable in'%rans—oceania, ghip Yo shore, amatsur
and asronautical radio telephone communication and has been accomplished by
means of volce or hand 6perated relayss These relays change erid bias on
smplifier tubes or on thyrotron rectifier tubes, which im turn, shut off the
plate eurrent to the amplifier tubes.

The present methods are satisfac%ory'in.operatioﬁ, hut ave complieated,

expensive, and easy to get out of adjugtment. A method has been considered,
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whereby, the modulator tube supp1ieg'all'of the plate current for the mddulatedm

ra&io-frequenay;"am@iifier; The principle of using an 4. G, volbtage on the
pléte of a radio-frequency amplifier or osaillafof/has been in u%e Tor somén
time . in felegréph transmitterg;

. B. Fervell té)_supplieﬂ'the-plgﬁgg of an msailiator~witﬁ.a single
1000 cyclé tone fﬁem.mndulator tubes and keyed‘%ﬁe‘tone input to the modu-
lator f0r‘the purpose of sgnding,pulﬁes-ont from_the.fransmitter'in some
Kennellyéﬂeaviside 1éyér'méasurements'during'the‘solar eclipse_oﬁ'ﬁngust 31,
1932s  Thies method -of keying gave xésﬁlts that were guite satisfacﬁorym
When, ohly;]ﬁw Ce is suppiied o thé plates of a rédio-frequency amplifier
or osbilla%or; tha,piaﬁé nﬁrrent only flows:dnring-the positive half of the
eycle of the applied voltage. This givaé.a carrier snvelope similar $o %he 
current wave of an unfilt§radihalf wave rec¢tifier. IL this A. C., supplied
to vhe plate of & radiOafreqyeney ampliTler, is spesch-frequency from a mod-
vlator tube, so much distortion takes ﬁlaee, ?ha% the speech is not very
intelligible When.picke@ up by a regeivera.uﬁless some means. pf:improving
the quality is empioyed at the transmitter. The use of negative regenera-
tion for the improvenent of qualiﬁyﬁ'was qoﬁsi&are¢<aﬁd was. decided upon
ag the mosi pfactical me%hod.of‘solving this:brnb;em@ '

.The uge of negative regemeration;, for reducing distortion, was devised
by i. Co Sch@lleng'(el'aﬁd has besn puﬁ'té,sevérai practical uses by Ee B
¥errell. The only publicabion ghera.neéative régeneration is'é&§cussed& as
far a8 the writer knows, is that of H, Nyguist (3). This article consiaeré
both positive and negative regeneration'frpm the gtandpoint of stablllity

and not from the standpoint of guality.
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ANATYSIS OF CARRIER INVELOPE
In cur mathematical analysis, we will first assume that the plate current
of %the nodulsted ampi':s’:'ie:e varies linearly with the applied plate voltage
and tﬁen ve will sssune that 1% varles as the squere of the plate voltags.
This analysis ls not rigorous, but Lt will give an approxiwation to actusl
conditions that should be ecloge enough for most practical purposes. The
Tirst wave fornm assumed, is similar o that shown in Fugure 24A. This vave
form results from a single sinusoidal frequency being applied to the plate.
For convenience, we will consider B cos X as the applied volbage. Referring
to Tigure 24, it will be observed that £ (X} = % cos X when - g—< XG;Z: .
and £ {(X) = 0 when + —g ( X.G %77 « 4ny mathematical treatise discussing
Fourier's series, will show thet a funetion can be represented by a series
of sines and cosines s long as any discontinuitiess thal oceur, arve finite.

(6) The vave will be assumed o be of the form £ (x} = Ay sin X+ Ay sinzX

. - bo ; .
+hg sin Fp-comenm- Ay s:mm{—}-%-« + by cosX—f—bg gos 2K -+ b{ﬁ eos 3){.
- bn eos k. The ¥AY coeflfiecients can be evaluated by mulitiplying both

sides of the equation by singffdX and integrating between the limits of /7
and+7/ « The "b" coeflicients can be evaluated by mulitiplying both sides
of the equation by cosyXd¥ and integrating between =77 amd7 /7 . All terms

go 40 zerc in the above process except the following:

n

. +7 ‘
£ (X) sinyX ax =/ A, sin®yx ax = 4,7, .
LT

+77
£ (X) cosZX aX ==/ by cosuX X = b7
/e

Solwving for the coefficienta:
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Aﬂ-~7-7/ f(}c) s:.nn}{d){-n-»«--vla

77 f(K)eGSnXd}{w-ﬁ-»:-—Ew
77._

'bn‘is dbﬁaineﬁ'éithar by'multiﬁlying boﬁh‘éides of the original eqguation by

dX and integrating between;—77_ andz 7/, o by lg'bﬁiﬁg n equal zZero in
- equation 2. if £ (X) is an odd function, Tthe *“'r‘ltsfﬂ @oei‘f'ieie'ni;s disappear
“and if £ (x) iIs an even "’unct‘-iori'%he AN éeefficien“gs disappead: £ {X) is
an odd Punction ﬁ.’ i (—-X) 2 of (X) and aﬁ even funetion if £ (\-X) = F (X)s
The J.ntefval unﬁer dlseussxon does not have to be rfom—‘ Wbo-r Y/ It can
‘be bebween 0 and 2 7]'or any values of X as lcmg as the interval is 277 in
value. The serles is based on the assuinption th&‘s the fune'hion repeabs
itgell every 1n%§rva1@ It‘ls'knowu Howmvel thab the coefflclenms ean also
be é,valuated, when ¥ (X) is more than one %ﬁnc‘tion dunng the interval. Tha‘b,
is, £ (X) can Ee one function for the first part of the interval and another
function for the rest of the i:ﬁte‘rvaia The interval may be broken up into
conveniant ﬂpar'i'._s as ’1ong as T (X) doed not become infinibe iiz any of the:
parbs being'con51ﬂeredu | : |

. In the cass of the radm-frequency ampllfléf, the plate current, i, will

be the f (X)o The tube resistance, R, is assumed o be a constant in the
first part of the interval and to be infinite-in~§hs second part of théainterﬁ

val.  Since cos X ig an even fuhetion the A" coefficients will vanish. The

"ptt coofficients will be given by 1Dy, = Ze'os X cog n X dX. Since £ (X)

7712

is symmetrical about the y axis and the cosiné pradue'b can be expanded;




i1,

'7713/ EC‘S(R ’f"l)X—l‘eos (n—l}xjdg.

- sin (n‘f'lJ'E‘ sin (n-l)g
b 7 [ w7 T moD

by

If n is now allowad to take on velues from 0 Lo Owe ged

3 ="§' [%7“/’ %‘f;c‘,o% x—r%r gos 2X « ‘32‘9:"5‘77 cos df—~ = TR 'El cos.'%f' CO8 nfi~=J. -
The ébove series “and the oﬁe to follow are of course based on ‘the |
" agsumpbion that plate currsnt flows: @S soon ,aé‘thé vplé:be voltage becomes
pOSitive:. This would be irue in the case of‘ any ampli:?ie;e tube that ﬁou,ld
be drawing grid current while being modglated,&
1P we assume that the plai-ze current varies as the square of the applied
pla'he‘ voltage, we Will get a carrier envelope similaf to the one shown in
Figure 2b. This is of ‘oﬁe form, 1 = KE® con® X (k iz a pragortionaZ.i%y con=-
stant) for one haif t’hg ‘aj.re'.?;e and' i=0 for the Jzest_ ef_ the cycle. The ."'A"
a

coefficients will vanish here also, a8 cos® X is an even funcbion. The "bY

 coefficients will be given by

v E g
< Rip”
by :—?-77'0 eosgx cos nj(dX
2 %

(l—f- cos 2%) cosy X dX

"‘7]"/["% X+ cos (n—h;.) X—’rnl cos (n-z)}{] axe

. ku? sliy % + ‘sin (o 2\ 4+ sin (n-2)F
LI/ B 20+ 2) 2(5-2)

If n takes on values from O t0 00 we geb




-.f.:kr«ﬁ‘[

+-

s

% |
§\

cos B -~ - =

4
tos X—i"""‘ cos 2 X-l— 157 cos 3 X - o577

It is robserwa -t;haf all odd hamonies ars missing from equation 3 and
all sven ha.c'momes, higher than the sccond, are migsing fron equation 4.
The indetemhinate Torms that oceurred in svaluating the coef‘i’ieients in

equati ons 3 and 4 were

sin (1~1)L sin 0L~

> 2 and ]
(1) 0 . B (2<2)

77

gin (8=2 )-—é-*

5

1t is kuown (7} sthat some indeterminad be forms can be evaluaiiea by differ=
entiating the' nmnerator m;téi. denominator separately aad then allowmc, the

variable te approach the desi red valie,

a [mn (n«»l -*jgeﬂj

Lim sin (ﬂwl)'zér‘; = ILim ’ an =
{n1) {n=1% - {n—1) 8 {n-1F
' . an -

Tim ‘@: cos {nrl)"@.m

-1y .2
| . 7
Lim gin n "%‘ _ Lim WZ cos n =g~ T
n->0 n . >0 1 g
Lim sin (n-2) —zﬂ . Lim *‘;Z- gos (n-2J) ""“727 = 7
) 2 {n-g)  ~ ~m»2 B | &

In modulation :stu&ie_s i% is usually desirable te express the values of

the harmonics in berms of deeibsls, below the fundementals In equétion. B,




i
the second harmonic is 20 1og10 %égﬁf = 7,54 d. bo below the Tundemental
and in equaiion 4, bthe seeo#ﬁ harmonic is 4.5 do be below the fundamemtals
All harmonics of highex or&e? than thé second are small enough to be peg-
leeted in both equations. sl1 havmonics more than 30 d. b. down from Fun-
damental are too small to have any noticeable effect. Since a totul hav-
monic level, 26 d. b. below fundamental is desirable, 1t can readily be seen
that a relatively large redﬁction in distortion will ha&e—to be made hefore
Yhe emitited signal can have desirabie guality.

In the linear case, which is reprasented by equation 3, the d. c. com-
ponent is 1{27 s compared to the fundamental of 1/2. In the square law
case, {equaiion 4) the'éw ¢s component is 1/4; compared to the fundameptal
of 4/377 « This means that we will haye more than 100% modulation in both
cases. The carrier is assumed 40 be proportional to ths d. 6. conponent.
Assuming a maximum amplitude of 1, in both easss, we have, according o the
I. Rs . definition for per ceny modulati?z (l);ﬁf%é;,X 100 = 15%% moduls~
tion in the linear case, (Hquation 3} and fg % 100 = 200% modulation in the
square law case (Bguation 4). With this method of earrier control; the
moduwlator will have t0 have a peak power capaclty of four times that re-
quired in vegular modulation, if the same,peak,-modulated, carrier ampli-~
tude is o ge obtained. The above statement is made because of the assump-
tion that +the radioufrgqngncy amplifier has the maximum, allowable, peak
plate voltage applied to it in both types of modulation. Tor normal, 106%
modulation, the peak aundio-frequency is equal-to‘the.d, en'plate'voltage.
Ie fhe d. ¢, voltage 1s removed, the modulator will have to develop twice

the peak audio-frequency voltage to produce the same pesk plate voltage as
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that produced in ndfmal modulation. This, of course, would regulre four
times the peak power capaeity on the part of the medulator. If we use the
sguare law case and assume the same peak, plate voltage is developsd, ﬁhel
carrier peak will only ﬁe half of that of normal modulation. In the linear
case the carrier peak will be about 64% of that of normal modulation, The
fundamental will be the same in the linear case and 85% of normal in the
square law case.

Tt is apparent that we must reduce the secoﬁd harmonic to & small per-
Qenﬁage of the Pundamental and also reduce the fundemental to the same am-

plitude as the carrier if we want good guality from the transmitier,

'NEGATIVE REGENDRATION

. ?here are several methods of obtaining nepative regeneration. Some éf
them are ag Tollows: 1, Feed-part of the carpier envelope from a linegr
rectifisr back to tﬁe input of the spsech amplifiesr, and shift the_pﬁase
by means of some phase shifting cireuiﬁ; 2, Feed part of the carriex
envélope from “the plate circultb of.a.radio fraguency arplifier back to the
grid of ﬁhe modulator, by means of a transformer. 3, Insert an impedance
beiween the filamenmiand ground of a radiﬁqfrequancy'amplifier“-whieh offers
impedenee o audio frequency only. 4, Eeed‘part ol the carrier envelope
from the platevciréuit of a radioafréguancy amplifier back %o the grid cir-
cuit of the same amplifier by meané qf a_transformaro Systems 2, 3, and 4
were tried on station W7XB end a combinabtion of 3 aund 4 gave the best re-
sulés. This is the system shown in the. power amplifier in Figures 1 and 3.

Vorecroft {2} shows'that a modulated wéve has the form, (Eoi-ﬁi éOS miY

cos X. m = wyt and represents the audio-frequency, X.=-w2% and represenis
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thé carvier freé;zency; ¥e will assume that the modulated amplifiar supplies
a complex wave of ‘he ferm, (Bt El cosg m—r E cos 2m -—}-31;5 gos Hmt-—)eos X
to the grid of the powez* amphfier shown fm Tigures 1 ahd 5{, ‘I‘he plate cur-
rent of ‘the power amplifier will haVe a eomplex wave of the form, ﬁ -+ -E X
—(El cos m + By cos 2m+ ES- cos Zm-i-v% Ep = the d; es plaue voltagea Ua‘-‘-‘
amplification constant of the tubei Ry = ds c. plate resistance of the tube o
Ry = a@a €, plabte resistance of the tube, Since the gﬁmary Winﬁing of the
Begative regene‘:;ation transformer, TRy, ix in the ;glaté ei;ecuit oF the .powex"
amplifier tube and v'l;he secondary winding is in the grid Oi.I‘(}Ili"b‘ of this tube,
we will have grid bias modulation and it will be out of vhase with the
original modulation components, from the modulated ampli fier, ‘by some phase
angle, P. We will in turn, of courss, feed these last xﬁehtionegl components
back, also, and they will show up. if {bhé"pié‘}ie[ciféuiﬁ.réf'"'bhei.fpiéwizérv:ampliﬂ,em
Our actual waw’ré‘:ni‘\brm;'fﬁhé}t,iswfeél $0 the &'mtenna will be oi‘"'the form, |
E’:*o—f- c@l' cos {m+ @)+ Tyt cos 2 (m+ ¢) —l— 1‘*‘ ¥ cos 5(m+¢)+——}+1§ v eos mt
}3’2' cos 2m By cos 5:11—1—--——-—-——:] aos Xo ....4.:.,_._--_-_-..-_5,'

G & goume censtant less than ome, and depends on the ei‘i‘eet:.veness of the
iegatviVe, regen‘erauon feed baeka, The: Teeding back :L_s Bf course an endless
process and unless }Zf is of the proper value the power mﬁplii’ier will sing at
'audi;asfrequen'cy‘s The assumpfion that the power amplifier is linear is of
course necessary in oréer that the réasoning Just given be somewhers neaxr
' accurate, The principle of nega'i;ive regeneration still holds hovéever,; gven if
the 'power amphifier is not Iinéar,,. It 'l;hé power amplifier should introduce
dz,stortion, thisa distormon wotld also e fed baek out D:ﬁ‘ phase»e Inﬁjpe’cﬁ:‘mn

of equation 5 indicates that the greatest eamcellation of second harmcnic will

ocour when ﬁ is 90°,
‘ IR
YRR RO d ] demy
R T T T IS P
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However, it is also observed that the funﬁamental; third, fourth, Tifth and
seventh harmonics would be reenforced, and the'éix%h cancelled. We noticed
in equations 3 and 4 that the saqond.harmonic was the only one thalt had an
appreciable amplitude.

T% will be observed in Fiéare 3-that the negative regeneration trans~
former, TRy, has practically no load on the secqnéary winding. The grid im-
pedance of the tube, 7., is very high, even when sonme positive grid current
ig - flowlng, This seems to indicéte that the voltage fed back to the grids
wou}d be somowhere necr 90° oub of phase with the plaﬁe'current? if R21
' should be of a much higher resistance value than the inductive reactance
value of the primary winding of ngﬁ It'is also apparent that avdio-fre~-
quency sinsing miéht-take place, Eguation § also indieates that the distor-
$ion correction will be proportional to the constant C; which is determined by

the winding ratio of TR,, the induetive reachance of the piimary winding of

Ros
Tﬁg, aﬁd the resistance ef'Rzlu If g, of equatiop 8, is 90°, thé fundamental
will be actually reenforééd instead of reduced. -This will have a'%egdeney

40 inerease the pereentage modulation and to cause the‘sidé band amplitude

to be greater than the earrier amplitude end thus produce é certain amount of
distorition. A phase shift of 120° would neither reenforce nor cancel the
fundamentai 6r the second hérmonie and no gain or loss would be expgriencedn
Equations 3 and 4 indicate that the fuudamen%ai is likely to be greater tﬁan
the carrier even hefore enterl ing the grid eirecult of the power amplifier.

T4 seems thet a 180° phase shift would be desirable in the modulated r&le~
freqpuncy stage and a 90° phase shift would be desirable In Lhe power amplifier

stage. The fundamental would then be reduced in the modulated amplifier

and the second harmonic would be refluced in the power amplifiera
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It appears that a phase shift oleaoo'woul;i also be desirable fér noiée
suppression, &as a suppres#i_,on of the fundamental 'wc;ul& also stipPI,’GSS the nolise.
'I‘ln.s method of noise su'oprcssn.on would be very satisfactory, if 1nse:cued in
the radion-frecuency stage ahead ©of the modulated stege. Ho reduction in audio=-
frequency woum then teke places A 180° phase shift would teke place if TRy
of Figure 3 should be :en’mveﬁ and Rgy left in place. -

If the out of phase eomponents of e;q,uad;ion 5 are combined we get an eque-

' : k3E° Kl *

tion of the form, E,* cos X+ %E] cos (X+ m+ 91)+ 121 cos (X = m - Q -+

koEof ' LA

:2?3' cos EX+2 (m-+ Gaﬂ-{- k_E’E‘g cos [XA (m+93)]—1-~-—— t+ - - = =6,
=1 2 .

The factors, Iy, kg, kg e_fc.a and the pl:sase angles, Gl, Qz, 95 6bCs ére 'resuits; )
of veetor addition of the compénents of equation 5, Equation 6 indicates

that we have what Roder describes as false phase modulaman, Roﬁer (5) shows
'hovrever, that if uhe phases of the upper and lower sidebands axe shified by

an egual amount and 1n opposwe directions and the s:.debﬂnds are of the same
anpplitude, no d_lS'bOI"blOIl QI? phase modulation takes place. XBguation 6 fulfills

the above condi fion, so the effect is harmless..
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PART V
EXPERIMENTAL WORK

A1l experimental work was done by listening tests on the monitering

reetifier and on a‘raceiver located aboutb l% miles from the transmitber. .

While it is true that the huﬁan~ear is not-a very good jddge in distinguish-
ing small chenges in volume an& distortion, it is evident that if the ear
detects a decided change, the impro&ement or'deteriﬂratioﬁ must.be an apprec—
iable amount,

‘In the experimental work, the greatest ﬁisfortion correction.wa3'0b+
tained when Rgl‘waslbpened completely. The power ampﬂli ier would sing when
the right r;versal was used on the secondary or prmmary leads of TRy, The
ad justment of R21 did not have any appreciable eife&t on the-signal output

of the ﬁransmitterg although a slight incieame in both noise and signal was

-noticed when Rgy was changed from the shoried position to the open posiitione

To test the. phase shift comclusion; the primary winding of‘TRa was disconuected . -

and 321 was left to cﬁfry the pla@e corrents, The grid bias was reduced %o
compensate for the bias introduced by Roq. This sét'up should make § of
eguation H equal to 180° A.reductlon 1n_slgnal output was obbained, along
with a reduction in noise; Ho improvement in quallty was ‘noticeds. When Tﬂg

was connectsd again and R&l opened, an appreeiéble improvement was found when

TRe was connected as a 40 to 1 ratio transformer instead of belng cbnnected

ag a 20 to l_ratio transformer. Eguation 5 shows that the greatest improve-

ment should be obtained when the winding ratio of the tremsformer is infinite.

C would spproach one as the ratio approached infinity. As- mould be expected,

‘the tuning, the neutralization, the grid drive and the grid bias voliage

naterially affected the results obtained., When the above mentioned adjust-

ments were made for the best Tresults in normal modulation, the best results
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were then obtained with controlled carrier modula®ions

The listening tests indica.\‘:ed‘that the -quality was good enough Tor ime
telligible-voi;e cammﬁnicatioﬂ.but‘not Saﬁiafaeﬁofy'fcr good reproduction
of mnsic‘or*singingw A small amounﬁ bf’cérfiér epuld be picked up on the
recelver when no modulation was taklng placea. This was probably due té
_some carrier 1eakage that resulted from 1mperfect-sh1eld1ng in the modulated
ampllfler and harmonmc~generatore

Nermal madulatlon gave sLightly better qnality on &peech and a greatly
| superior qgalzty on.mu51c,‘when.compareﬁ to canrxe: control modulatlon,

While negative fegeneration tests were beimg conddcted, the filament
emission of the power amplifier tubs was impaire&.@nd~theré was a strong .
tendency for seéon&ary_emiésion to %gﬁe.plaée ffom the grid of thig tubaq
The seconﬁary.emiséion caused negative grid eurreﬁt, Which in return, caused
& reduction in grid bias, beeause of the vqitagé—drop across the grid rpsisﬁcr,
Rloy shown iﬁ Tigurve I; As the grid blas decréaseéw,the plate current in-
creased.and:in tﬁrn increased the Gecon&ary;emiSsionw- The temporary troubla
was remedied by disconnecting the primary'w1nd1ng of" TR, and éllowiﬂg 321
to carry the p;atevcurrent of the power amplifier—tub91 The voltage,built ‘
up across the resistance,,ﬁql, 1neraased.ﬁhe pobential dlfference ‘between ‘
the grld and filamenL thus having bhe seme effecb a8 anreasing.%hs nega--
tive grid bias. As soon as secondary emission started from the gri&,~the
plate. current increésed and ihéreased'the negative grid bias. The resis~
ﬁancé ﬁzl had a:stabilizing effgcﬁ and.alloqed satisfaétory operation. Ip
many high.pbﬁéred transmitbters, é situation exists_%hat is similar o thiéw ’

It'is.necessary'to'hgve resisténce in the grid cimcuit for the purpose of
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controlling grid biass The resistance.is in the Porm of a. poteniiometer
across a grid bias, power supply. The gower supply has ﬁo.have a rela-
tively lérgefpower del;vsring capacity, because the grid hias,.potention
meter resistance must be low to prevent the reduction of érid bias that:
results from secondary.emission from-the grids of the power tubes, It
is believed-tha%.tﬁe grid bias potentiometer resistance éould be increasad;
and the power delivery requlremenﬁs 01 the grid bias supplv reduced by
1ﬁserL1ng a resistance betweeﬂ the leament cenber tap of the filament
pover supply and ground. If the-effect of negative regeneration should ba
undesirable, the r951stance could be shunted by fl&ed condensers of a volt-
age rating high enough to sﬁand the voiyage built uvwp across the resistence.
This would not be over 200 yvolis in most cases, amnd condense;s of this vbltgge
rat;ng are not expensives The gaving in cést, dve to the decroase in size of

the grid bias supply source, should be sufficient to cause this method To be

glven sonie consideration.

In the case of this p&:tiéular transmitter, the secondary cmisslon
trouble was Ffinally faken care of by rejuvenating the tube. The trouble,
however, gave rise to’an.iaea that could be used in high power transmitters

where grid, secondary emission takes place in a normal, fully active tube.
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CORCLUSION

The tests that were eonduected on the carrier control and negative re-
genevation equipment were not as thorough as the writer would desire.
They-did, hovwever, verify #he,assuﬁptions +rab were made in the mathematical
analysis. 1% would be highly desirable to take osclllograms of the carrier .
envelops, but the available equipment is not sulfed To sueh purposes. It
is hqped +hat arrangemsnts ean he made to make oseillographié studies on the
carrier envelope in the near future and thus obiain more exacting evidence
of the assumed sffectsx | |

The tests gave evidence that was favorable for this method of carrier
control. This system would probably'ﬁe satisfactory in both large and small
transmitters, providing the demands on quality of reproduction were not too
great. The cost of consiructing a transmitter, for using this type of
carrier control, would probably be as greabt as the construction cost of a
transmitter using relays. It 1s believed, however, that the method dis-
cussed in this paper would have an adventage because of its greater sime-
plicity and becaise electrical circuits do not get oub of order as easiiy
"as do mechanical, moving paftsu

It is believed that further experimental work would yield improvements
in the methods giveq'in this paper..

The tests that were conducted gave every indication that W7XB would be
quite satlsfactory for two-way communication, with the cireult and equipment

noy in usg.
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APPENDIY

Crystal Osecillator Paris

Cl-~500005 ufdo., ﬁidget, grid‘cifeuit,,tuning,eondensgr.

Cp==.00L ufd., stopping condensers.

05-+;QQl ufﬁv; stopping condenser: 5006 volts, &.c¢. ratings

Cg~—+0003 ufd., plate circuit, tuning condenser. ‘

C5¥-90001 ufds, equpling condenser; 5000 volts, d.c. rating.

Cg~-.002 ufds, tank circuit, by-pass eoﬁdenser, 5066 volts, d;eq rating.
07-n2 ufde, Tilter condenser; 500 volis, &@c@ ratings

08-«69 -~ 008 ufd., filamentg~by§pass condengers»

Llnmﬁfid circuit inﬁucﬁanc’e° -

Lo==~13 turn, plate inductance; wound on 2% inch form with no. 20 d.C.Ca cOpDET

a
wire.

Lg, Lyg==50 turn, duolaterally wound, radio-frequency, choke coils; wound on
' % inch form with no. 86 d.c.c. copper Wire.

Ry~=20,000 ohm, grid leak, variable resistance; 50 watts, rating.

Ra~«35,000_ahmﬁ_p1ate resistance; B0 watts rafingu '

Rg=-100,000 ohm, grid leak; 60 watts, rating.

il--crystal oscillator; grid current jacks

Jzanﬁarmonie generator, grid éurrent jéék,

Jz—-Crysﬁal oscillator, plate current Jacks

X--4,327.5 K. ¢., E-cut cpystals |

Py, Pge—crystai ésc;llator, £1 Lamont terﬁinais@

Pg~~Crystal oseillator, plate supply terminal.

-

T,--Radiotron UX~210, 7 wabt tube..
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Harmonic Generator Parts

310:-011‘“f002 ufde, filament; by-pasé condensers.

Cyp=--01 vfd.; screen-grid, by~pass can%gnserg 2500 volts, de¢. ratings
015-_,003 ufa;, tank cireult, by-pass conenser? 5000 volts, d.c. rating.
' 014.~,001 u;d., stopplng condenser; 5000 volts, dmc. ra'i,lng°

615~»¢00032 ufd,, plate ecircult, tuning scndenser,

G4 g==-0001 uf‘doB coupllng condensef* 5000 valts, duCw rating.

"'L =10 turn, pla%a circu1t inductancey 2 inches 1n dlameber, 4 inches long,

g

No. 12 bsre copper wire, no ﬂorm¢
5
form, No. 22 d.C.C. cOpper wire.
géaulo,ooo ohm, screen-grid, potentiometer‘rgsis%ance; 10 waﬁts; ratiné»
Rg=~30,000 ohm, sefeenpgrid, potentiémeter resistancé; 25 waltts, rating.
Rg+-20,000 ohm, plate resistaﬁee; 50 watis, rating.
R «mlOO 000 ohm, grid Jeak; B0 wabts, raﬁnngo
J ~~Modu1ated ampll;ler, grid current Jacks
Jﬁ-vﬁarmcnic génerator, pl&te'currenﬁ jacdk.

To--DeForest 565,7 wath, screen grid tubes

_ lodulated Ampiifier Parts
ci§, Cqg—=1002 ufd?, filament, byspass condenserss
Cyg-=a01 ufdf, gcreen;grid, by=pass condenéer;,z,ﬁooﬁvolts, d.c. rating.
Ogg=-«00028 ufd., plate éircu;t, tuning gonggﬁser.
Gp1==.001 ufd., stopping céndenser; 5000 volts, éica fatingo
Cgpmme0001 UL, , coupling‘condengerg 5000 volts, d.c. Tating.
Cgs=m0002 ufd;, tank cireuit, by-pass condenser; 5000 volts, d.c, rating.

Lg=-10 turn, plate circuifliuductanae; 2 inches diameter, 4 inches long, Nbu

Le~~B0 turn, duolaterally wound , radlo—frequency"choke coil; wound on ¥ inch

1z
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bare eopper wire, no form.

L,s; Ln=~50 turn, duolaterally wound, radiOereﬁuency, choke coils; wound on

7 8
%-inch Porm, No. 22 daCate copper wire.
Lg~~Secondary winding of QOOO/IbO‘VOlt, volbage transfermér; ﬁinﬁiag ﬁas a
- d.¢. resistance of 400 ohms, a.satura%e&'core inductance of aboub 30
hsnryso
Rg~~10,000 ohm, screenogri&, potentiometer resistance; 10 watits, rating.
39*-50 000 ohmn, sereenpgrid grid, potentiometer raslgtance, 26 Watts, rating.
Ry 5.~10,000 ohm, varlabley grid leak, 50 watts, rating,
Ry 4~=20,000 ohm, plate resistance; 50 watbs, rating.
Jse;mpdulated‘amplifierg pléte chr;enﬁ jack.
Sy--Carrier control, éhange.over switeh,:

Ty--DeForest 565, 7% watt, screen grid tube,

Power Aﬁplifier. o | .
024, 025-—5002 ufd,, £ilamsnt, by-pass eonﬁenserso
Qze—u.ﬂl ufd., neuﬁrallzatlon, stopping condenser' 2,800 volts, d.c. ratlngn
027y Cogm=-0001 ufd., tank eircuit, capacity,. center‘tapping-eonﬁensers; B0OO
ﬁclts, doc. rabing. | ‘ |
029»—,00005 ufd., neuﬁrallzlng conilensers

cscu-ueoos ufd., plame cirvcult, tunlng conﬁenser.

51_—«002 ufds, bank eireull, stabi1izing condenser, 6000 vults, rof. rating.

LlIﬂo turﬂ,-radia-frequepey, choke coil; No. 24 d.C.c. copper wire wound on lg

inch form.

L

1g~=3 turn, plate cireuit coil; 4 inches diameter, 5% inches long, % inch

copper tubing, no foMm

' 315—-5000 ohm, Iank clreult stabillzing reSLstance' 10 watis, rating.
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ng, RZO--200 watt, 125 *volt\., ,fuhgsten i‘ilaxﬁen‘b:,ﬂ light globes; Tilament center
. ‘i;ép resistors; cold dac. rersisf:ance, approximately 10 ohms, - l
Rgy~+-120 ohm, negalive regenera'tmn, control resistance,
TB2~-2000/50/50 volt "voltage ‘t:ransformer, used as a negae tive reg;aneratlon
transformer; 65 watbs, rating.
‘,‘“"vuu?air:er amplifier, grid eurrent jack,
J g‘--Pcwsﬁr amplii‘ier plate currem: Jacks
P5~+-Power ampli.fle‘r, negat}.ve, gmd bias temuinal..
T fwﬁadm’crort UV=-20 Seedy B0 Wat'h tibes

\‘&

; | Antenna ’Euamg System E

032~-,00056 ufd,, parallel tuning conéenser,
%5\, 054--“,00024: ufd.., series, btuning condensers; both mounted on the same
Shaf'ba R 1

REEY Ly4=-5 turn, antenna coils; 3 inches in diameter, 3 inches in length, No.
4 bare coppe:.c wire, no form.
Sgs Sse-‘-m{;ema cgf:éeﬁt, amme%er,, change over swi“;cheso
Sgm-Load transfer switch. | |
Ry g--25 watt light bulb; used as dumy autenna.
o " Monitoring éec“ti fier Paris.
GS5~A;00029 ufd,, pick up, tuning condens'sem
056; 037--,002 ufd., filament, bywjpass conﬂensemu
L15=-~10 turn, pick up coil; 28 ineh, form, wound with I‘i‘oa 20 d.c.c. copper wj:re.,
R, ,~=100,000 ohm, resistancte; 5 watts_, rating. |

17

J..~-Monitoring rectifier, current jack,

11
Tg-~Radiotron UX-281, rectifier tube.

Ps, P.?--Pick up, coil terminals. -
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Peaaeuiput ierminala
Pg, Pyg--Indicator terminals.
szvareund terminal,
' Speech Amplifier Parts
C, =~=o001 ufd,, zadio-freqnency, by-pass condeﬁserp

4.2

045"'2 ufd.., audlo-frequency coupling eonﬁenser, 1200 volts, dece Tatbing.

Lqp==17 henry, modulator, grid choke,EGO ohms.resistancec
324?»10;000.?hm,isp¢ech ampli?ierm'plate res;sﬁgnge; 850 watts rating?
~ Bop~=5000 ohm, mgdulatpr,,grid resistance; 25 watts,,rafinga
Rgy==-200 olm, microphohe? battery resistance. .

TR,~-40 to 1 rabio, microphone transformer..

6
JlﬁTamicrgphona@ currgntfjackf
Jl&f—Speegh amplifier,‘plate current jacks .
JisT»ﬁodulatﬁr, grid current ja¢ka )
Plé’ 15~«m1erophone term1na154
Pigs Plyo-m1¢rophene, bgttery terminals.
Elga-Speech amplifier; grid bias terminal.
Tansﬁadiotron UX-250, 5 watt %ubeaul
Bla-!;ﬁicz:cphone battery;l ‘one. standaxzd; d.ry cel,i,g, o
N&-Telephone, transmi tter microphones |

_ | hmdulator Parts
GéégngOE ufde, ra&io—frequéncy‘byepass eondenser;‘zeﬁo'volts, r.f. rating.
645—-2 ufd., audio-frequency, céﬁpling eonﬁensér; 1200 volts, d.c; rating.
Cppr céése.ooz ufdggAradio~frequehc§, by~pass -Condensersa
118-—Plate, choke eoil;-seqondary-wigding qf'BOOQliOO volt, voltage transe

former, 65 watts , rating, 30 henrys, - saturated, core inductance; 400 ohms,
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‘daco.resistanéea
Ty g--Modulator,, piéte'eurrent'ja¢k,
P4~9Modulatbr% grid bias texminal.
Ty--Radiotron, UV-203=-4, 50 wabty fube&_
- Power‘Supbly Parts :
0419;1200 volt, 5 K.Vefio, 011l filled condenser; 9.9 ufd., capacity.
Cqg==3 ufde, candenser.bank; consists of 4, 3 ufd., 500 volt (d.c. ratipg)
4;eondenser§:in‘s$ries parallel. . ' S

16
saturated core inductance velue, 35 henrys, d.c. resigtance of winding,

1

“ 245 ohms.

t

_ nge@17 henry choke with aily gap in corg;-dgcg resistance of winding, 60 ohms.

Blzb‘ﬂlzufFilamen$? géenter btap resiéﬁ%ﬁg'ﬁax ?%‘vo;t filament sﬁpply; 115'volt,
180 watt, light globes, resisténce, about 17 ohms.

Ry 4#~63 ohm, 250 volt, 1.8 = 12 ampo; transformer rheostat for 7& vols,
£1lament supply. - ' :

318"25 ohm, 125 volt; 5,emp.btransfSfrmer vheostat for power amplifier, filament
" supply . L E

Rzéa;aﬁ oym, 10é5 amp.; 125 volt, reetifier, p&aie trénsformer rheostat.

Rpp=-50 ohm, -5 amp., 125 volt, rectifier filament transformer rheostate.

Rog--200 ohm, 250 volt, 1.5-.75 amp., yransformer rheostat for medulator,
filament_suppl§k9~ ‘ | L

Tg--7% volt, fhlament jack. .

L. ~-Secondary winding of 2000/100 volt, voltage tfansformer;'eﬁ ﬁattsr rating,
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KlOn»Powar‘amplifier, filament, vol%aée Jaeka
'312-»§ectifier filaﬁent, filament, voltage jack. -
Jiv»-Mbdulator filamént; voligge jaCka:
‘Pl3j Piédﬁ116'VOlﬁ@.§acc, power éﬁpply temminals¢:
Plg~eTransmitter ground, négativellaod‘vblt,'and pqsitiVEAgrid bias, battery
. connegtor terﬁinals.

20
Pgy--lodulator; connector ferminals.

P F»Positive, 1000 volt, connector terminals.

?éz*»mpéulator, grid biag, eonﬂecfor terminals. .

Pog, Ppy~=110 volt, filament, power supplylterminélsa'

P25,'P36-~7% volt, filament supply . tefmihaism |
Tﬂl—_llo/s/lo/ll volt, £4Tament transformer for 7% volt tubes.

TR,~-~110/11 volt, filament 'traﬁsfczm@rg for power amplifier fllamentk

(5]

TR4-»1150/1150/115/l15‘volt, house lighting transformer for 1100 volt, plate
supply; 1 k.vea. rating. . ” . ‘

TRs-aeeec‘volt, 100/5 ampers, cur?ent trangformer for reatifier, filement
'supply@ | ’ |

TR7—~110/5 L /5% volt, filament trapgfoﬁmer for modulator, filaﬁenﬁ-supplya

Fis Fp--110 volt, 6 ampere, power supply fuses. '

3 5==Pe P. S. To, 110 volt, filament supply swibeh, fcr radio 'ﬁu.be9 fllament

‘ oransformers.
S ‘-Do P. 3. Ta, 1io volt, plate supply switeh for plate'sugply transformer.
Bg==Do Po 8a To, 110 volﬁ reetlfier tube, filament, bransformér switchg‘

Tﬁ’ TV-«Radiotron UX«BGG half wave,. mereury vapor, rectifier tubses;- 7500

volts inverse peak voltage, 600 milllamperss péak current, rating.
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V,-=0 to 15 vol%, a.c. voltmebers
ng,-.d to 8300 volt, @.c. voltmeter. B
Ap-=0 to 10 millismpere, d.c. millismmeters.
4_5—-0' t0. 250 milliarﬁpare; G.c. milliammeber.

Cagr Cugs 040~—@0luf§mﬁ.radio frequenecy, byapass-eqndgngersm

PL1-~0 to 18 vold; a.t., volitmeter piuga
Plp-~0 to 10 milliampere, d.c., milliagmmeter plug.
PLg-~0 to 250Lmilliampere* d.c., millismmeter plug,

WL~-110 volt, red, warning light.
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