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TvVENTIETH WEEK. 

FUNDAMENTAL TI�NSMITTING 

CIRCUITS. 

G.B.Todd. RMlc. 

c1 3·. 

::::uESTION #t, Of what does a tube circuit consist . when it is 
& #8, so arranged that it \'Jill g:;nera te oscillations? 

AUSWSH :f •.• The fm·,damental requirements of !:.1 tube circuit tha 
will generate oscillations are : An oscillatory cir 
emit containing inductance and capacity through �· 
which the grid and plate circuits of the tube are ·• 
coupled either inductively, cax:acitively or direct·

. 
ly in such a :nan.11er that the phase relationship be 
tween the two circuits will be the saree,. The coe:ff 
icient of coupling bet'�'lee.r:t the grid and plate air- · 

cults ia more or lees critical. 

�U:J::STION ,¥2. Draw a fundamental Meissner circuit omitting batt
eries. :Nhat does the circuit consist of? 

Answ�R 112 
iT • 

The 
i ssner 
rcui t. 
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The oscillatory c ircuit consists of the coils 13 anA 
14 ,J t co·ndenser C. Irj transmis::1 ion the conden- � 
se r a w d replaced hy the antenna .. The coil Ll .1., 
is included in nlate circuit tube and is 
c oupled to �.h.e c i.l 

... L3 while the c o il 12 is lnclud-·
· 
•
. 

ed in id ci t of the i;ube and is coupled , 

to 14 .. Fe le oscillations oc curin c;:  in the oscills- l 
tory circuit will induce an a1tl':n· nat voltage in 1 
co i 1 12 which will act on the grid. produci:ng varia-j 
t ions n te c ur r e :n.t flowing thru Ll and thesel 
w ill :produce a:r1 a1ternathlg voltage in the coil 13 l 
"��Uhich '}Jitl) t proper s a sufficient strength i 
of coupling, will reinforce t orig 1 o scillationl 
caus to i n cre a se amplitude. The i:ncreasedj 
oseillationa will induce a still greater v o ltage in J 

a orrespond ly gr eater variations 1 
in t, ::::ur thru Ll, leading to a further increas� 

oscillat eurrent. This building-up process ] 
contiilues il the vacuum tube mnmot supply enough.\ 
power tQ t oscillatory circuit to rease further1 
the a litud e of t.he oscillations a an al ternatineti 
current of constant a litude will flow in the cir� ,, 
cuit hav�ng a frequency very nearly that of the n$.1a ural per1od of the oscillatory circuit. 

· 
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QUESTION f/:3. Exp�ain ho'J'< o so illations are generated and main
tained in the Meissner circuit . 

ANSVJ3ll 3. If a difference of potential be maintained i;ween 
the plate a filament of the tube • with the plate 
positive respect to filament. a current will 
flow in plate circuit a hrough coil Ll. A 
li�gnetic field is thus set up about coil Ll and thi 
·field cuts the turns of 13 ir1ducing an E!viF i:n the 
tuned circuit 13 14 and c. 12 is ..::ut by the lines 
of force from 14 and the arrangement of coil windin� 
and connections is ;3uch that the re sult l:ng Emf gen-l 
erat ed in L2 and applied to the grid of the tube isl 
ir:1 t; same phase :relation as t flow in Ll 
The initial curra flow in plate circuit thus 
ca:.1ses the grid of t tube to bec�:m:e mere sitive 

ch t�rn cau2es sn increase late current. 
strengthening the fields and increas the positivd 
·n.o+"""''tl"'�, on >. �y.,.-;,< fJ'Ib'ir• oni·�·o r. "'O'tl+l"nues Ull' tl'l i 1! vV ... .4,d ·.:lJ.. ..!. }• u c""' ...b :..J • ...... .t.-.,Q ov:.,; .... J. v - v : 

the plate currerrt comes maximum a this value : 
will depend upon the electron emission and the pote� 
tia 1 applied between the plate a the grid of the 

· 

t ube .. At this point t:he :'irst o�K:illstion has rea 
ea it s maximum a mplitude in one direction a:nd the 
plate supply is supply enough •3nergy to the c irc t 
it to compensa�:;e for ·�nnt; d i :::H:: ipat ed in radistion, : 
in overcoming resistance and the other losses tak- j 

place in the circuit . When the -plate current · 

reaches its maximum value, there is no further. in
crease to maintain the field al)out Ll and· the field 
collapses inducing an emf in opposite direction� 
A consequent reversal of potential is applied to th1 
grid of t.he tube and reduces pls te eur re nt � until t minimum value of plate eurrent is flowing� 
at which point no further de ere a .se can rna de to � 
mt1intain the nega tive pote ial on t;he grid a:nd it 1 
returns to its orig ina l potential which value de-
pends on the value of the grid leak or the poten- J 
tial o grid bias battery. The plate now takes � 
anot.her rush current from the plate power supply� 
The grid is alte rnately thus swung :nega tive and . 

poeitive and plate current increases when the grid 1 
is positive and decreases i.'Vhen it is nega tive , main"'\ 
taining o sc illations of a constant amplitude i:f the 
plate supply is of consta11t potentia l and at a freq• 
nancy dependent upon the LC value of the tuned os
cillatory circuit. The plate supply furnishes just 
enough power to supply that dissipated by all of the 
losse e in the circuit. 

G,UESTION #4. Draw the fundamental Ha rtley circuit. How does it 
differ from the Meissner cir cu it? 

AllSWER 1fo4 • 

(see next sheet) 
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ANSWER #4. Continued. 
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rtley 
(1 i, TC11i t * 

The Hartley circuit differs from The Meissner cir
cuit in that Ll and 12 are directly (inductive ) 
coupled instead of indirectly coupled. 11 and 12 
are shunted by capacity C and toget,her form the 
oscillatory ci �uit and determine the frequency of 
oscillations. The magnetic field of the two induc
tances cut both coils and a transfer of energy takes 
place from plate to grid circuits and, if the phase 
relations hip between the circuits is the same, os
cillations will occur. Ordinarily. coil 11 and L2 
is a single coil with an intermediate connection to 
the filament. 

�UESTION #5. Draw the fundamental Colpitts circuit. How does this 
differ from the Hartley and Meissner circuits? 

ANSWER #5 • 

;'"'1: 
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Th,e 
Colpitts 
Circuit. 

The common return of grid and plate to filame:nt is 
taken off at an intermediate point between capaci t iss 
instead of an intermediate noint between Ll and 12 
as in the Hartley and Meissner circuits. The oscills 
tory c urrent flow occurs through the inductances 
and capncities both, and the voltage distribution 
across the inductance and capacitance is about the 
same insofar as the highest H.F voltage is present 
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AJ:ISWER f/:5. Continued. 

at the extremities of t coil and the voltage node 
occurs at the common return to filament. The center 
tap between condensers is likewise at a voltage 
nodal point. The pro11er combination of ser.ies in
ductance and capacitance renders the reactance of 
the circuit less than would be case if either 
the i:nductantJe or capacity \��Jere deleted from the 
a i rauit . This is because capacitive reactance and 
inductive reactance have opposite characteristics 
and carry unlike algebraic signs and t tctal reac· 
tance is the algebraic sum of the two. The grid cir .. 
cui t Ln t he Hartley is t�hus tb.rough the inducta:nce 
L, condenser Cl back to filsme • while the plate 
circuit is through the inductance L t hru 02 and 

ck to filament. Inductance L being common to both 
nir<:n.lits. a trn:nsfer of energy takes place bet·V'leen 
circuits and the phase relationship of both cir
cu.i ts must be the same. The Colpitts circuit both 
theoretically and practically is generally conceded 
to be as good or better than any other oscillating 
circuit. It is more stable because a large capacity 
ia always in with the parasitic capacity which 
exists between plate and grid between grid and 
filament and between plate and fi me.nt, within the 

• 

:UESTION #6. What is meant by half-waye rectified transmitting 
circuit? How obtained? 

.ANS'NER ,¥6. ?late current, in any vacuum tube, will flow, only 
when a positive potential is applied t;o the plate, 
in reepec·t to the filament • because, when this con
dition exists, electrons, leaving the filament, will 
be attracted to the plate, and wi 11 flo\'i between the 
filame:nt and plate. whereas, when the plate hJ nega
tive, in relation to the filament, the e lectrons wilJ 
be repelled and prevented from reaching the plate; 
thus no plate current will 1:lo�;v. If an alternating 
voltage i s  now impressed between the plate and fila-

of the tube. the tube wi 11 act s a rectifier 
at Bame time also fm1ctioning as an oscillator. 
cscillations thus occur o�ly during the time when 
the plate is positive, or �'on t.he positive half of 
the cycle.'' Oscillations are thus intermittent and� 
as the voltage is c lly varying sinusoidally, 
the resulting oscillations are not of constant am
plitude. The tone frequency will be the same as the 
frequency of the irnp.resBed a 1 ternat i:ng c-urrent inso
far as oscillations and one w�1ve train occurs once 
each cycle. 

:;.uESTION #7. How are t·i'JO tubes hooked in a transmitting circuit to. 
obta in full-wave rectification§ using AC on the fila� 
ments and plates? 

ANSW�H 
'L7 i • The f ilaments of "the two tubes are heated by a fila

nJ:ent transformer secondary. Each of t;hese two tube 
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ANSWER IF7. Continued. 

is used as an oscillator or amplifier and automati
cally rectifies its own plate currant by allowing 
current to flow only during the positive lf of 

cycle as previously explained. The plate trans
:former, i.'llhich suppli es high volt a ge AC to the plate 
circuits, must have its sacondary so wound that it 
supplies d ouble th.e volta desired on each tube 
and the extremities of the set:;ondary connect to the 
plate eire t of each tube through a rad .io frequencl 
choke in E!uch s manner that, when one end of the 
winding is sit ive, it will supply po ial for 
one tube, and, when the opposite end is positive, 
it ill supply pot<3ntial for t other tube .. The 
trans rmer secon.dary is center-tapped and is 
center-tsp S'�rves I!:!S the tive pla t e s11pply re-

1'(1less o:f 1111hl.ch tube is in o peration. Thus one 
tabe ooerates while the other tube idles a each 

cperation during one half the cycle. 
The re is continuous osci.llat1ons which·, howevez 
have a constantly vsrying a li tude cause of the 
r'�inusoidal voltage variation. The resultant tone 
will be t1.111ice t frequency of applied AC as 
each tube ftmci;, ng cnte c ycle . This c:dre'.lit 
requires the use of rra tched tubes v � r'l ice 1 
characteristics because the oscillatory ct1.r:rent from 
eaeh tube ts usually fed t.hrough B common LC circuit 
a:fl.d the tone wi 11 be smooth a stable only 'ivhen the 
tube char2ct::;J�istic�� Sl"'(3 apJJJ:o:t::irnst�ly t s2me. 

U�STION #9. 1Jhat co nditions exist in o rder to stop oscillations 
from being generated from a vacuum tube? 

';') ... ]9. The tube will stop oscillating if coupling be-
tween the grid and pla c ir cuits is reduced to a 
1Joint 1n1hAre ': feed-i,ack i"l iw'luf'Pi • ,, ',- �:ain-
ts. irt o�� i11at ions. If

< 
the plate

"' 
o;·- fll�ment � cirw

,
i ts 

sre 1:o t t e stops oscil t i.ng .. If the resis
tance of t LC circuit i eo high that oscillations 
that o:;cillations are dam_ped out before they can 

make a complete reversal, the eire t stops oscilla-
tir:g. If the load placed circuit is greater 
tha:n �Jw plate supply can sh while still supply 
ing sl;_fficient energy to cwmpensate for RF dissipa
tion losses, t ci rcu it will stop oscillating. If 
the grid bias becorH)S so ne tive as to re duc e the 
plate curr;3:nt to a point where is is unable to sup-
ply t losses tube will stop oscillatillg. If 
the grid comes :free. t.he plate current \�ill be 
reduced to almost zero quicker than t.he reduction 
could be accomplished ith a switch. rrhis latter 
fact i ta ad"HlH ge of to prevent arc) st the 

l;res plate supply keying is 
accomplished so called center tap of t fi 

transformer, becsuse the high negative potentia 
ssed upon t.he grid the blocks the plat e 

supply be fore a co has time to occur. If the plate 
supply becomes nega tive w h respect to t filame 
the tube will stop oscillating. If the ratio o f  
capac}..tf t o  1nductance becomes too great the tub 

w:�.l.,., ;;:to.D oecillatin!Z .. 
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'::UESTION #10. How are adjustments made in vacuum tube transmit - '\ 
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ANSWEH 

ting circuits to obtain maximum output? ' 

i/10. grid coupling or t.he amou:t1t of e nergy trans-
ferred from the plate circuit to t grid circuit 
deterrdnes the grid excd.tation. The best operating 
conditions is with the grid excitation reduced to � 
point just a little above where the tube ceases 
to oscillate. At this -,:oint maximum radiation or 
load can be obtained wl.th minimum plate current a:n.d: 
thus the efficiency of the tube ie increased. If I 
the critical t:'oint is approached too closely the 
tube will be erratic or unstable Ln operation so 
grid excitation should be slightly greater than is 
necessary to maintain oscillations .. In the Meissner: 
circuit, grid excitation ca� be varied by a varia- · 
tion in coupling 1)etween the grid ci reui t and the 
LC <::ircuit. In the Hartley or Colpitts circuits, 
the grid excitation is varied by varying the vol
tsge nodal point e her way from the ceuter tap of 
the i nductance. In the Hartley circuit moving the 
center tap toward t, grid and reduces excitation 
because the grid portion of the inductance is in
corporating less turns than before and the voltage 
drop "betwee:e the grid and filament will be l.ess 
than be.fore. In the Colpitts circuit, t he same 
results may be obtai.ned by varying t.h.: rescpective, 
values of t center-tapped condensers. If the grid 
circuit contains the lower value of ca city, the 
excitation is lessened. In the Colpitts circuit� 
t;he grid eondenser is t one co1mected to the 
plate end of the indut:�tance coil. 

'.UESTION 1#:11. What disadvantages are there in using coupled tune� 
circuits? In using conductive or direct capaditive I 
coupling? 

· 

AJ:TSWER ;�11. When the resistance of both circuits is extremelf 
low, coupled tuned circuits are not satisfactory, 
because, at this condition. a large transfer of 
energy will take place even with very loose coup
ling. A marked reduction in transfer occurs vvhen 
the coupling is loosened to a critical point and 
tht1s the adjustment of coupl is very criti ca l 
often resulting in erratic operation. When large 
energy transfer is rna de from one circuit to the 
other using coupled tuned c:ircuits and the re sis
tance of each i::3 low. a large retra:nsfer o:f energy 
ta s p la ce to the o s cillat ion rsti circuit 
csus freque:ncies to be generated. In the 
case o master-osci�fator power-amplifier circuits. 
where the coupling between the master-oscillator 
ancl the power-amplifier is in duet i ve, the stabi li tJ 
of the oscillator is easily disturbed and it is 
difficult to prevent the amplifier from oacillat
ing. Where the re;::;istance of one of the circ:uits 
is fairly high, inductive coupling is desirable. 
Antenna circuits have comparatively high resista:no� 
because of the radiation resistance and it is ad- · 
visable to use inductive coupling 'to insure the l 

J �y ,/' 
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;.il�'SVVER 1. Continued. 

emission f .s rp pure t.'!JB ve f low decrement. 
Direct o ling tends to broaden tted wave 
and as actual c act exi s between t two cir
cuits harmor2io frequencies are readily radiated. 
Direct c apscitive coupl is little used in ant-
erma circuits because the low rea e of conden
sers at radio frequency allows the harmonic frequ-
encies to ss almost as readily as when direct 
contact is made. Capacitive coupling l.s used most
ly for co ling lWFA cir cuits because i�he tendency 
of the ower ar:rplifier to osc illata at the fre qu
ency o the oscillator is greatly reduced and lit-
tle !!eutralization i�:1 :necessary. Of ten the 
master oscillator is well shielded, capacitive 
coupling ca:n be used and no ralization is 
necessary to pre arq;lifier oscil lations. 

�UESTION #12. Drsw a fundamenta l �sster-oscillator power-ampli
fier (MOPA) transmitting circuit . What does the 

A!��3ViER ·�1(') ir G• 

circuit consist of? 

r-------------- - -- ---------------, 

:��. I : �,. • ... 
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vl 
s.l Master- cillator Power-Amplifier 

Colpitts Oscillator. 

Any oscillator circuit may be used, 1rut thi"-.l 
case tll.e Colpitts os ci llator circuit has been 
used. The circuit conaists of t. recil tor 
circrrit with its fi a plate supply. Both 
fi plate supply .may he common to both 
the OEK�illator a am-r lifier although usually in 
practice less volts is used on oscillator, 
than on t amplifier. Such is the case this 
diagram a se ries reactance has been used to 
lower the <volta£-;e. As the normal oscillator 
I)late current to be 100 MA and the voltage on t he 
plate to be 750, the value of the resistance is, 
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ANSWER #12. Continued. 

by Ohm's Law, 12,500 Ohms and it mu.st be of suf
ficient dimens ions to safely dissipa te 125 wstts 
of energy continuously. The amplifier consists 
of a pla t e tank circuit which is tuned in this 
case to t same frequency as the os c il lator . Ill 
the case of a c rystal controlled oscil tor ;'orne
t imes the ampli fier is ·tur1ed to o:ne of t,he cry
stal's harmonic frequencies. The grid of the amp-
lifier is tmed but is driven by the os cillatiom 
from the amplifier by means of capacitive coupling 
of t grid of the amplifier with the plate cir
cuit of t he oscillator. A negative id bias is 
usually used and k.e ying of the amplifier can be 
easily and stably accomplished in this circuit. 
Keyir:g in the amplifier circuit (gr id) does not 
give rise to unstable operating condi"tion.s as is 
the case keying ir3 done in an oscillato r grid 
circuit. In the power amplifi.er, the relationE!hip 
between the id and plate current is perfectly 
lined whereas an oscillator grid current bears no 
such re lat ionship to the plate current . When a 

harmonic frequency of a crystal controlled trans
mitter is b eing used to drive the power amplifier: 
the amplifier grid a lways is maintained at e high 
negative pot ential as this ten.ds t increase the 
amplificati on of ax;_y harmonic freql:tEmcy used. Neu
tral izati on is accomplished in this case by :feedin€1 
a rt ion of t,'he energy from tb.e grid" end of the 
oscillator to the late of amnl:ifier through 
a small serie s c r ioh serves to exactly 
compensate in value for that applied from the os

cillator plate to t ampl i fie r grid circui t and 
also pre1•ent� a positive potential from the ampli-
:fier plate circuit from rt�a the csci11.ator 
grid. The neutralization feed-back is from the 
o pposite end of the coil from that of the feed 
which sw t; amplifier grid a consequently 
is 180° different in phase a as its value is 
ad ted to be exactly equal to the feed which 
sw £' the a li:fier grid, complete cancellation 
takes place. The amplifier grid ho\i!1ever is much 
easier to s�w t n would be tlle amplifier plate 
�ircuit eo t lifier is controlled by the feed 
from t oscll or late. Suitable blocking� 
bridging and a rol condensers are included 
in the cir,:mit as well n�:: suitable RFCs. t�he pu.r
pose of w ch is either ol,vious or has been p rev
iously ined. The plate tank cireui t of the 
amplifier is Luducti ve ly eoupled to t, ant enna 
system� The degree of feed from the oscillator to 
the a li fier grid is readily djusted by means of 
a clip which can be set at a tween the 
center f t 5 ctance and p e end of the 
oscillator coil. The volta node exists at the 
ce nter of t oscillator coil and t hi gh voltage 
at the t ies t coil so transfer of 
energy will zero when the clip if3 the center 
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.A.USWER ;¥12. Conti:rn:ted,. 

and maximum when at the end . The smallest load on 
the oscillator uossible 2h d be U8ed to drive 
the grid of t 

""
Gmulifier f'(rr t f:s the load of( 

t the m•)re isolated will 
sn!l sci11stions will be :rt(<re sble. The osci-

llntor should be shi e lded and the shield gr ounded 
case there should. :never 1)e a:ny coupling 

between the oscillator a amplifier coils for if 
is the cas3 neutralization wi be nearly 

oasible. 

::(UESTION #13. What is the advantage of the MOPA over an oscilla
tor connected directly to an antenna system? 

Al�SWJ;H ifl3. A heavy load must be drawn fr;:n::;, t o£.�cillator 
he oscillator is directly oor-l.ne ed to 

�::nna system. c onseque:r.tt ly the os ci lla tor 
is less stable in frequency. -transfer of energyi 
from the antem1a circuit to ·the os clllator will 
cause additional unstability and if t enna 
swings, the o� c i lla t•Jr frequency <'Jill S'>'J ing. r-
monios from the osc il lator are read ily radiated. 
In t;he M:OPA c ircuit, the is olate d oscillator runs 

eadily and \Vi th constant freq1.1ency becaus e 11 ttlE 
load is placed npon it., The os..::dllator ordinarily 
is not keyed and t frequency Sv'l caused by 
keying is e liminated ., Harmonic frequencies from 
the oscillator are not amplified u.nless the ampli-
f r plate is tuned to t h.armonic fre q uen cy( 
MOPA ci r cuit s s.rf'; e cially valnabl,e re the 
antenna r.nay svv or at any time the fre quenc� 
.must rna a d consts:nt. l 

C::UESTION #14. Explain the operation of the MOPA circuit. 

ANSWER §14. An explanation of the operation of the master
oscillator power-amplif+er circuit >v'Vas given under 
the answer to Que stion #12. The oscillator oscil
lates at the frequency of its 10 circuit or at 

frequency of the crystal driver. The output of 
the oscilllator is fed to the grid cir<rui t of the 
amplLfier tube ei t r Lnductively or, preferably-, 
capacltively, and, as the grid of the ampl ifie r 
is swung by the radio frequency oscillations of 
the oscillator� it will amplify the characteristic 
wave :form and frequency o:f the oscillator in the 
plate tank of the ampli fier but at a much higher 
amplitude d<3pending upon t amplification constant 
of amplifier tube. The amplifier circuit shoulq 
never oscillate and preferably should not be in a 
regenerative condition. 


