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SUBSTION #1,

& #8.
ANSWER  4L.e

TWENTIZTH WEEK. G.3.700d, Rﬁlch
FUNDAMENTAL TRANSMITTING -
CIRCUITS. .

0f what does a tube circuit congist, when it is
go arrang=d that it will zsnerats oscillations?

The furndamental requirements of s tube cireuit that
will generate oscillations are: An oscillatory cir-
cult containing inductance sud capacity through
whigh the grid and plate circuits of the tube are
oupled either inductively, capacitively or direct
1y in such a mammer that the phase relationship be=
tween the two circuits will e the same. The coeff-
icient of coupling between the grid and plate cire
cuite i mere or lesgs critical,

Draw a fundamental Meissner circuit omitting batt-
eries, What doss the circuilt consist of® ;

The

Meigsrer

Ciranit,
The c¢scillatory circuit consists of the coils L3 an
L4 :nd the condenser C. In Hranemission the condens- !
ser ¢ would bs replaced by the sntenna, The ¢oil Ll
ig included in the plate circuit of the tube and is
coupled to the ecil L3 while the ¢o L2 1is include

C.
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ed in the grid cireuit of the tube and is coupled
to 4. Fesble oscillations oceuring in the oscilla=
tery circuit will induce sn alterunating voltage in
coil L2 whizsh will act on the grid, producing varia-
tiong in the plﬁte surrant fTuwzn” thru Ll and these
will produce an slternating veltage in the coil L3
which with tﬁp proper sign and sufficient strength
of coupling, will reinforce the original oscillation
csuzing them to incresse in amplitude, The increased
ogeillations will induee s still grester voltage in
the co0il L2 awﬁ serrespondingly gfeater varistions
in the zurrent thru L1, ‘G&dlng to a further increasd
inn the ogelillating “urrart. Thig building-up procéss
continues until the vacuum tube cannst supply enough!
pewer to the oscillatory circuit to increase further
the amplitude of the oscillations and an altern&tingj
current of constant amplitude will flow in the cir

cult having a frequency very nearly thst ef the
ural perxod of the escixlatﬁry ci‘euit;
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SUZSTION #3e Zxplain how oscillations sre generated and maine-
tained in the Meissner circuit,
% ANSWER ‘Z%e If a difference of potential be mainbained bztween %
‘ the plate n*ﬁ filament of the tube, with the plate |
positive in respeect to the ﬁlLament a current will
fiow in the plate glrcult and nrough coil Lls A 3
magnetic field is thuw set up about ccil L1 and thls
field cuts the turns ¢f L3 inducing an TMF in the
tuned i““ult L2 L4 and C, LZ is cut by the lines
of force from L4 and the arraﬁg ment of coil winding
“} and connections ls zuch that the resulting Bmf gens)
f ’ erated in L2 and applied to the grid of ths tube is'
- in b”i _Same fbama ralaticn as the current flow in 11
’ T vent flow inm the plate circuit thus
zguges the 3”1d of the tuhe to hsevme mors Lcc,tlve
tuarn es an Mcreﬂ m glate rent, :
ngthening t 1
“Jla@ on the

plate “urrﬂwf
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tLVn exd the
plate supply is qu p1vLy~ eno
it to compensate *sr that digeipated in r“ﬂ ation, |
in overcoming resistance and the other 1csses 8K~ §
ing place in the circuit. WWhen the plate current ‘
reaches its masximum value, there is no further,in-

crease to maintain the fi=ld about Ll and the field
ezollapses induecing an emf in the opps31te directlonc
A consequent reverssl ¢f petantisl is apglxed to tha

grid of the tube and thus reducss plste current
at which point no furthe grease can be made to

; until %the minimum value sf plato ourraxt iz flowing

maintain the negstive pohe anflal on the grid and it
returns to its orivlnal potential which value de=
pends upon the value of the grid leak or the poten~-
tial of thes zrid biss battery. The plate now takes
another rush of current from the plate power supplya
The grid is slternately thus swung negstive and
pos :itive and plate current lrcresses when the grld
is pogsitive and decreases when it is negative, maine
taining ogcillations of a constant amplitude if the
plate supply is of constant potential snd at a fregq-
unency dependent upon the LC value of the tuned os-
cillatory circuite The plate supply furnishes just -
3 enougzh power to supply that dissipated by =1l of the
: logses in the eircult,

QUESTION #4. Draw the fundamental Hartley circuit., How does it
differ from the Meissner circuit®

ANSWER  #4,

(see next sheet)




NSWER #4. Continued,

2UBSTION #5.

'ANSWER B

i

The Hartley circuit differs from The lMeissner cir-
cuit in that Ll and L2 are directly {(inductive) :
coupled instead of indirectly coupled. L1l and L2
are shunted by capacity C and together form the
poscillatory civzult and determine the frequency of
nscillations. The magnetic £field of the twe indue-
tarices cut both coils and a transfer of energy tskes
place from plate to grid circuits snd, if the phase
relationship between the circuits is the same, os=-
cillations will occur., Crdinsrily, coil Ll and L2
is a single coil with an intermediate connection to
the filament,

Draw the fundamental Colpitts circuit. How does this
differ from the Hartley and Meissner circuits?

The
Colpitts
Oireunit,

The cesmmon return of grid and plate to filamert is
taken off at an intermediate point between capacitiss
instead of an intermediate point between L1 and L2
as in the Hartley and leissner circuits, The oscilla
tory current flow cccurs through the inductances

and caspacities both, and ths wvoltage distribution
across the inductance and capacitance is about the

same insofar as the highest RF voltage is present
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ANSWER #5. Cortinued,

a2t the extremities of the coil snd the voltage node
occurs st the common return to filament. The csanter
tap between condensers is likewise at s voliage
ngdal points. The rroper combination of series ine
ductance snd caypacitance renders the reactance of
the circuit less than would be thes gsse if either
the inductance or capacity were deleted from the
circuit., This is because CaPBCltlYe reactance and
inductive reactance have @ppogite characteristics
and carry unlike algebraic signs and the tetal reacs
tancs ig tne algekraic sum of the two. The grid cire
cuit inm th "artley ig thus through the inductanece
ccndenser Cl back to filsment, mhl e the plate

ol |

aircuid is through the in auutaice L thru ¢2 and
back to filsment, Inductance L veing common to both
eircuits, a transfer of energy takes p19ue between
circulits and the phage relationship ¢f toth cir-

3 G

cuits mast be the ssme. The Colpitts circuit both
thevretically and practically is J@neralxy conceded
to be as geod or better than any other oscillating
circuits. It is more stable because a large capacity
iy always in shunt with the parasitic capacity which
exigts hetween plate and grid, between zrid and
filament and between plate and filament, within the
tube, "

SUBSTION #6, What is meant by half-wave rectified transmitting
circuit? How obtained?®

ANSWER #6e¢ Ilate current, in any vacuum tube, will flow, c¢nly
when a positive potential is applied to the plate,
in respect to the filament, because, when this con-
dition exists, electrons, leaving the filament, will
be attracted to the p]ate and will flow between the
filament and plate, whereas, when the plate ig nega=-
tive, in relation to the filament, the electrons will
be repelled snd prevented from reaching the plate;
thus no plate current will €low. If an slternating
voltage is now impressed between the platz and fila=-
ment of the tube, the tube will art as = rectifier |
at the same time also functioning as an oscillator.
Uscillations thus occur only during the time when
the plate is positive, or "on the positive half of
the ecyecle,” Oscillations are thus intermittent and,
as the voltage is continually varying sinusoidally,
the resulting oscillstions are not of constant am-
plitude, The tone freguency will be the same as the
freguency of the impressed altsrnating current inso=~
far as oscillations and one wuave train cccurs once |
@ach cycle, §

ZUESTION #7, How are two tubes hooked in a transmitting circuit to
obtain full-wsve rectification, using AC on the fila-
ments snd plates? ?

&

ANSWIR  #7. The filaments of the two tubes are heated bty a fila- |
ment transformer secondary, Zach ¢of these two tubes/,
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ANSWER #7. Continued,

ig used as an o8cillatour or amplifier snd automati-
cally rectifies its own plate currant by allowing
current to flow only during the positive half of
the cycle as previously expleined. The plate transe
former, which supplies high veltage AC to ths plate
cireuits, must have ite s2condary so wound thst it
upplles double the Velta ¢ desired on each tube
aﬁd the extremities of the seacondery connect te the
plate circuit Gf esch tube through s radio frequenc]
choke in such s manner tkat, when one end of the
winding is “wwlflve it will supply potential for
one +”be avd uneu the tnosiv gnd is posgitive,
it will %ucy j potentisl for ths other tube, The
transforaer s sxdavy is ceuter—tapped and this
center-tap sorvee =8 the ﬂe;atlvm plste supply re-
gardless of which tube ig in operstion, Thub one
ohb° upprsqe% while ﬁh@ other tube idles snd each
tube ig In cperation during one half of th@ cycles
The result is an*;nucus oscillastions which, howevezr
have a CUnstantly varying amplitude hecause of the
useidal voltage varistion, The resultant tone
will be twice thes frequeney Qi_*ho applied AC sas
2ach tube functions during one Ycle; This ecireunit
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requires the use of matched thbeq having identical

charascherietics because the oscillatory current from

each *u$e ig usuelly fed ﬁrau@h g ¢omumon LC cirecuid

ﬂﬂd the tone will be ﬁmwﬁuh and stable only when the
ube charsgteristics are aprroximately the szme,

TSTION #9e What conditions exist in order to stop oscillations
from being genersted from a vacuum tube?

ANSWT 'Y, The tube will stop vscillat
sert the grid and plate 2| ig reduced to a
cint Wh@re the feed~back 1s i FLicient S0 naine
sin os 0111& ionss If the plate ¢y filament ciranits
re broxen the tube gtops cecillating. If the resise
tance @f the LC eireult is 2¢ high that ozcillaticons
that cacillations are dsmped out befors they can ,
make g complete reversal, the circuit stops oscilla=-
tinge. If the load placed upoen the c¢ircuit is grester
than the plate supply can furnieh while gtill supply:
ing snfficient energy to compensste for XP dissipa=-
tion logssg, the ecircult will stop oseillating. If
the grid b becones =20 negative as to reducs the
vlate oeurr: to a peint whers is is unable to supe
ply the 1 g the tube will stop oscillating, If
the grid mes free, the plate current will be
reduced *ﬁ almost zero guicker than the reduction
coculd be accomplished with a switch, This let er
fact 1g taken sdvantage ef to pr“vent arcing st the
key when bresking the plaete supply when keying is
accomplished in the so called genter tap of the filas
ment transformer, beﬂﬁﬁﬁe the high negative potential
irpregsed upcn 1n@ grid ¢f the tube blosks the plate
supply befcore srcing has time to oacur,. If the plste
supply bscomes negative with respeet to the Fllement;

the tyube will stcg osci 1¢utlng. If the ratlo of ,4
eapac1t to indac_anae aa&meg toa great the vub
Lk Wil stop osclllating
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"UESTION #10.

ANSWER

"UBSTION #11.

ANSWER

11,

How are ad*ustments made in vacuum tube tranqmlfﬁx\
ting circuits to obtain maximum output?

The grid coupling cor the amount of energy trans-
ferred from the plate cirecuit t¢ the grid cireunit
determines the zrid excitation. The best opers tinv§
conditions is with the grid excitation redu0ud to &
point just s little a“ove where the tube ceases

to oscillate. At this toxnt maximum radlatlon or ;
load ¢sn be obtained with minimum plate current and
thus the efficiency of the *ube is incressed, If |
the critical voint is approached too 2losely the '
tube will be erratic or unstable in operstion so
grid excitstion ghould ke slightly grester than is
necegsary 4o maintain oscillations, In the lleissner
cirsuit, grid excitastion can be vsried by a varia-
tion in coupling bhetween the grid circuit snd the
LC circuit. In the Hartley or Colpitts circuits

the grid excitation is varied by varying the vol=-
tage nodal peoint either wsy from the center tap of
the inductance, In the Hartley circuit moving the |
center tap toward fthe grid end reuuces excitation
hecause the zrid portion of the inductance is in-
sorporating less turns than before and tre voltage
drop hetween the grid and filament wilil be less
than before. In the Colpitbs gircuit, the samne
results mey be obizined by varying the rescpective
values of the eeuter-ta}ped condeniserse If the grid
circuit contains the lower value of capscity, the |
excitation is lessencd, In the Colpitte circuit,

the grid condenser is the one connected to the
rlate end of the inductsnce coil,

#hat disadvantages are there in using coupled tuned
circuits? In using conductive or direct cspacitive |
coupling® %

j

!
When the resistance of both cirzuits is extremely %
low, coupled tuned circuits are not satisfactory, |
because, at this condition, a large transfer of !
energy will tske place even with very loose coup=-
ling, A marked reduction in transfer ocgurs when
the coupling is loosened to & critieal point and
thus the adjustment of coupling is very eritical
often resulting in errstic operation, When large
energy transfer is made from one circuit to the
octher using coupled tuned circuits and the resis-
tance ¢f each is low, a large retransfer of enervy
takes place to the ﬁ«ﬂll ation geuvsrating circuit
causing two freguencies to be gensrated, In the ‘
caze of master-oscillator power-amplifier circuits,
where the coupling between the master-oscillator
and the powerusmplifier ig inductive, the stablllty
of the ogcillater is essily dlsturbed and it is A
difficult to¢ prevent the amplifier from cscillate
ing, Where the resistance of one of the circuits
is fairly high, inductive coupling is desirable, A
Antenna circuite have comparatively high resistancs
because of the radiation registance and it is ad- |
visable to use inductive coupling t¢ ingures the i

i
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TURSTICON #12,
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egmizsion ¢f s sgherp pure wavs of low decrement,
Direct coupling tands to brosden the emitted wave
and as actual contasct exists between the two cir-
cuits harmoric freguencies ares readily radiated,
Direct capscitive coupliug ise little ussd in ant-

ermna circulits because the low reactance ¢f condenw
gers at radio frequerncy allowg the harmenie fregque
encies to pass almost ss readily s when dirsct
contact is made, Caspacitive couprling s uged most-
1y for ceoupling LOPA circuits bacause the tendency
¢f the power amplifier to¢ oscillate at the frequ-
ericy of the oscillator is greatly reduced asnd lite
tle neutrelization ig nsceasary. Cf ten when the
master oscillator ig well shielded, capscitive
ceupling can be uszed and no neutralization is
necessary to prevent asmplifier oscillations,

Drsw a fundamentsl msster-oscillstor power-ampli-

fier (MCPA) transmitting circuit. What does the
circuit consist of®

-
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Fundsmental Master-Uscillator Power-Amplifier
Cireult using Colpitts Oscillator,

¢illator circuit may be used, but in thia

a the Colpitts osceillator circuit has heen

d. The circult counsists of the oecillatoer

cult with ite filsment snd plate supply. Both
filament sud plate supply may be common £6 both
the oscillator and amplifier although ususlly in
practice less voltags is used on the gseillator,
than on the amplifier, Such ig the case in this
diagram and a series reactance has bheern used to
lower the wvoltaze. Assuming the normal oscillator
rlate current to be 100 MA and the wvoltage on the
rlate to he 750, the value of the resistance is,



BR 12, Continued,

uy Chm's Law, 12,500 Chms and it wust be of suf-
igient d*;ensions to safely dlssipate 185 wstie
s¢ eriergy continuously., The amplifier consists
of a plate tank circuit which is tuned in this
cagse 4o the same frequency as the osgillator. In
the case of a crystal controlled zacilistor 3cme-
timeg the amplifier is btuned to one of the cry-
stal's harmonie frequencies, The grid of the amp-
lifier is untuned but is driven by the oseillations
from the smplifier by means of capacitive coupling
of the grid of the amplifier with the plate cir-
cuit ¢of the oscliliastore A negative grid bias is
usually used sud keying of the amplifier can be
easily and Suably accomplished in this circuite.
Keying in the amplifier cireuit (grid) does not
give rise to unstaWwle opersting conditions ass is
th@ case wnen keying i3 done in sn osceillator grid
circuite In the power amplifier, the relationship
tetween the grid and plate currsnt is perfectly
linned whereas an sscillator grid current bears 1o
gsuch reslationship to the plats current. When a
harmonic frequengy of a crystal controlled trans-
mitter is being used to drive the power amplifier,
the amplifier grid always is maintained &% 2 high
negative pote LJlal 23 this tends to increase the
amplification ¢f any harmonic freguency used, Neu=
tralization is accomplished in this case by feeding
a perticn of %he energy frem the grid end of the
oscillator tc the plate ¢f ths amﬂllfler through
g small Qe“ieﬂ condenger which serves to exactly
35mgea3ate in value for that applied from the os=
aillator plate o the amplifier grid circuit snd
3180 prevents a positive po*@ntlal from the ampli-
fier plate ecircuit from rsaching the cscillator
grid, The neutralization feed~back is from the
oprosite end of the coil from that of the feed
which swings the snplifier grid and consgequently
is 180° different in phase and as its value is
adjuzted to be ex actly equal te the feed which
swinge the ampliifier grid, complete cancellation
takeg places The &mglifier grid howsver is much
gagier %o swing than would be the amplifier plate

'i

2ircult go ta@ amplifier 12 controlled by the feed

from the cseillator plate. Suitable blocking,
bridging snd contrelling condensers are ineinded
in the circuit ss well as suitadble RFCs, the pure
prose ol which is sither obvious or hss been preve
iocusly explained, The plate tank circuit of the
amplifier is iunductively ccupled to the antenna
aygtems The degrse of fesd frﬂm thes oegelllator to

isc

the azwlif’ev arid ias resdily adjusted by weans of

[ 2

2 ¢lip which csvw be get =t any point hetweeM the
center of the indactsnce and the riate end of the
szcillator ooil, T voeltage node ewxists st the

genter of the oggil ator coil and i

at the extremities of the eoll

erergy will be zere when the el
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ANSWER #12., Continued,

SUZSTION #13,

GUESTICON #14.

y_4o

and maxXimum when at the ende The smallsst losd on
the escillator gVuaih’@ gheould be used to drive ;
the gzrid of the amplifier for the lesg the load of
the oseillstor sireult the mors igolated it wil

be and oselllstions will be moere stsble. The osci-
1lator should be shielded snd the shield grounded
but in any case thers should never bve any coupling
betwesn the vuscillater and amplifier coils fur if
such iz ths cass neubrslization will be nesarly

lpoaaible,

What is the advantsge of the MOPA over an oscilla-
tor connected directly to an sntenna system?

A heasvy load must be drawn from the oscillator
when Lhe ﬁscills*or ig directly counected to the

,N.L"!

nbly the oscillator

o2

anbanna gnd

antanana system, aonusequ
ig less stabls in frequency. Re-transfer of energy.
from the antenna circuit to the cselililator will
zause additional unstability and if the antenna
swings, the ecalllatvr fregueney will swing, Hare
monics from the oseillator are readily radisted,
In the MOFA ecircuit, the l\alaaed osblllat:r runs
steadily and with constant freguvency tecause little
lcad is placed upon its, The u&ﬂlllatﬂr ordinarily
is not keyed and the fregueney swing caused by
keying is eliminated, Harmonic freguencies from

the oscillator are not amplified urleSn the ampli=
fimr plaue

ﬁ;yk ih buned to the harmonie f{rsquency.
aps b1a1$y valuable &h@f Lthe
T

at say time when ths frequenei

i

Explain the operation of the MOPA circuit, |

An explanation of the cperstion of th@ master-
oscillator powar~amp11*1er glreult was given under
the answer bto Question #1828, The os 0111ator oscil-
1ate at the frequeney of its LC zirsult or at

the frequency of the crystal driver. The output of
the osgillator is fed to the grid circuit cf the
amplifier tube sither 1hduct1vply eor, preferadly,
capacitively, and, as the grid of 4hm amplifier

is swung by the rsﬁio frequency cecillations of

the csellla cr, it will amplify the charszteristie
wave form and ireguency of the oscillator in the
plate tank ¢f the aMpllgler but at a much higher
am@lxtuﬁe depending upon thes amplification constant

the amplifier tuwe. The amplifier circuit should

pvmr oscillate and preferadbly should not be in s
regeﬁeratzve coenditione.




