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WARNING 

The voltage• employed bl thla equipment are sufficiently high to 

endanger hwnan life. Use extreme care when operating and aervlcing 

the transmitter. 

Every reasonable precaution has been observed in the design of 

this transmitter to safeguard tb.e operating personnel. Serles-connected 

interlock switches disable all high-voltage s upplies when any door which 

exposes dangerous voltages is opened. Do not, under any circumsta.n.cea, 

tamper with these switches or incapacitate them. 

For added safety. a meehanical groundin3 switch i• associated 

with each cabinet door. This Dwitch places a poaitive s hort circuit on 

all hazardous clrcuite within the cabinet when the cl.oor ia opened. 
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5 / 10 KW BROADCAST TRANSMITTER, TYPE 315B/ 316B 
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SECTION 1 DESCR!PTlON 

1-1 . Introduction 

The Continent3l El'1ctronics Types 315B and 316B are standard 
broadcast band AM transmitters with s. 000 watts and 10,000 watte 
nominal r-f power outp\lt, respectively. The two are essentially 
identical, mechanic:a\ly and electrically. At any time. the owner of 
a Type 315.B tranamitter may increase powel' to ten kilowatts by 

adding the necessary tube s a.lld parts , for which apace ia pl'ovided 
in the equipment. 

The cil'cultry of theso transmitters is aimJle and straightfor
ward. The r .. f lineup consiots of four etaae1: the cryetal oecllla.tol' 
is followed by an untuned buffer, fixed-tuned driver a.ncl fbaal azn
pli!ier. Modulation and carrier level regulation are accomplished 
at the acreen grids of the final amplifier. using a. direct-coupled 
cathode-follower sy•ten1. 

Overall r-f feedback ia tapped from the output of the trans
mitter, rectified, and applied to the firet audio stage to reduce noise 
and to lmprcwe linearity. 

The transmitter i• housed in two fra.meleaa alumlnwn cabinets 
which are designed fo r e>tcellent shielding, light weight aad eaay 
access to component•. 

1-Z. General Description 

A. Screen Grid Modulation 

Screen Grid Modulatit.'lll, a & us eel in Continental Electronics 
Standard Broadcast Trans mitte1·s, offers a number of features 
and advantage3. Some of these are a s follows: 

1. Modulo.tor power re(lnircrnenh &.T~ g re1tly reduced. A 
constant source of r-i e."'Ccitation ie a pp1ied to the control 
grid of a t etrode t-'fPe tube, whil~ ::i.udio modulation is a p
plied to the scrP-en gl' id~ S ine ~ r-f output is controlled 
linearly b y acreen grid po~enti.al, with relatively low 
valuee of a c:rc ei, cur..-eut. an exc 31lcn t method of modu
lation is poss ible and "·ery 1:ttle po we:;:- is consumed. 

z. T e t rodes ..>.re in:i.~1cntly a high gc.\m ~-YP ~ of tube. There
fore . very litt le i--( dr~ving powe r i~ r ,3quired. 
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3. Since the s cz-e en g ric> ic opel"at.?d at gro und potenti al insofa r 
as r -f s i gnal is concer ned, it se"M·es as a shield betwe en the 
c ontr ol g1•id and p!at~ o! the tube ancl thereby elimlnatee the 
necessi ty of neutralization. 

4 . Since the original 1.1.odula.tion powc i· is , •ery low. emall r~\.1dio 
c omponent e may be used. Tbe audio system i s entirely of the 
:res istance coupled typo , with complete abaeace of large t?'ane
lormers or choke~. This mcl<ea pos•ible a very flne deg r e e 
of tranemitter performan ce. RMS diato rtion and distortion 
due to inte r~n1odul r.tion are v ery low, bocaua• of the absence 
of i ron core component.. 

5 . The audio and m odulatioo syste m may bo deaigned with full 
c oz,trol o£ pha9e s hilt characterietice, mulng pos•ible the u se 
of overall !oedba ck ui tha t r anamitter. The performance of 
the transmitte r is thereby fu rther improved. Overall feed
b ack can.not b e used in high level pla t e modulated transmitter s . 

6 . The power consumed by a screen m odulated r-f amplifie r is 
e s s entially con.etant regard~ esa of the degree of modulation . 
Thua, p r oble ms of power l ine regulation and carrier shift 
during modulation are m inimized. Without modulation., the 
efficiency of the screen grid modulated a mplifier is somewhat 
l e ss than that of a C lass C pl.:!te modulated amplifier. How
ever, as modulation is applied. the efficiency of the screen 
modulated amplifier impro" e a until it becomes equa l t o that 
of t he other systern. If power cons umption of la r ge m odulator 
tubes i s g iven consider ation, it may be found that the screen 
grid s ystem offers better efficiency at high perc entages of 
aver a ge m odulation. 

B . Modern Rectifi0r C i r cuits 

Vacuum tub es have b een .aiimin:ite d in a ll high v ol tage, low 
vol tage, and b ias r e ctifier circ uit::, of C or,tinental Electronics 
t rans mit ters in favor of semi-ci;;nducto r units. 

Mercury vapor t u.b es, o ·di n a:dly used for the se sen·ices in 
the past, do net J.ettd themsc,!v e s a [) ;;ell t o v ary ing temperature 
c ondi tions: They ::nu si: b e w.3.1•m e:d prier to use and be kept warm 
to avoid "flash-ba :k " dtu·lng O?e:t:ation. They a re bulky, somewha t 
lesa efficient than t: e 1;-1i- co.1clucto:::- un; t s , a nd contribute a. c on
s iderable ::..m cunt of h e:;.t fa.a~ m ust be remov e d from the transmitter. 

On the other hand, s emi - condu c tor r ec i:ifier units do not re
quire any war r.1 up tfrne; th~y rr,ay b e operated efficiently a t tem
peratur e s below zE: r o; t~e:r c 0nt:dbute 2. minimu m amount of heat 
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t o b o removed from the transmitter and provide a Yery compact 
phyaical package. with v-ary long life cbaracterla&lca. 

If unattendod or r mote op r ti.on of the tn.aamitter la coa
temp1ated. th aml-c d\actor characteri•tlca become evea more 
attr ctive. 

Siace eaml-c:onductor recttliera are used iA the Coatinental 
Electt'oDlca broadcaet transmitters. no damage will occur to the 
equipment if turned on from a cold start. Tbia la true alao for the 
vacuum tube• in the audio &Ad radio frequency circuits. 

The Continental Electronics AM broadca.at tr&11■mitters are 
well auited to high ambient tempera ture operation• and tropical 
climate•. The■e tranamittera have been en..-ironment tested under 
actual summertime a mbient temperature conditions of well over 
100° F . 

C . Selenium Rectifier 

Aside from instrument rectifiers, selenium units are the most 
widely used of all the semi-conductor types in the industry at the 
present time. 

The special selenium rectifiers used in the Continental 
Electronics t1."anamitters are rated by the Radio Receptor Com
pany, Inc.• their manufacturer, for continuows 100, 000 hours 
estimated life at 35° C . ambient temperature . Their constNction 
incorporate• s maller size, lower voltage drop. lesa reverse leak
age and higher current density than standard selenium units. AA 
important processing technique has "pre-aged" the units during 
manutacture, thu s eliminating output voltage fall- off throughout 
their life. Transformer 11aging taps II are not required. This 
manufacturing innovation, called the ''Petti .. Sel" process. after 
the rectifier deoign developed ill Western Germany by The Siemens 
Company. is now used exch,sively in this country by Radio Receptor. 

The operating life obtainable from a selenium rectifier unit 
is mainly a function of the temperature at which the rectifier oper
ates. Moisture vapor is also a factor governing useful life. The 
rectifier conetruction antl forced air cooling employed in the Con
tinental Elec:f ronics transmitters take these factors in.to account, 
thuli providing extremely reliable and long life operation. in hot or 
cold climatic cond,tione. 
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1-4. Tube Comol~ment 

Function 315B 316B --
Two Ooclll tor (Z G 7 (2.1 6AG7 

O.ci1lat'1J eguln or (2) OBZ z• OB2 
Buffer u; ao1 (l t 807 
a. . Drlv r (ll -65A (~ 4-6SA 
P ower AmpUfi r \2) cx:-oooA (3) 4CXSOOO A 
lat Audlo \1) 807 (1) 807 
2 d Audlo u, 4-65A {1) 4-65A 
Modulator (3) -6-65A (3) 4'-65A 
Modulator Regulator \1) 07 U) 807 
Reaulator Reforence (1) 0}32 (1) OBZ 
Feedback Rectifler (1, 6XS (l) 6XS 
L. V. Rectifier Selenium Selenium 
Bia• Rectifier Selenium Selenium 
H. V. Rectifier Selenium Selenium 

1-S. R•F Amplifier and Modulator Cir cuita 

As shown on Schematic Dia gram No . 1900 2-E, the r-f tube lineup 
includes a cr}rstal-controlled oscillator . ,i.,ituned buffer, r-f driver 
stage a.11d power amplifier. 

The crystal oscillator otage is c ontain e d in a plug-in chassis de
signated as the C on t inenta l E 1 cct-ronks T ypu 30XT Oacillator. The 
plug-in feature facilita tes eaay removal {<.\r s ervicing. Two chassis 
sockets are included in the t ran3m i t ter ~ and a selector switch is p r o
vided so that eithe r of fo 3 or,cillators m ~ y be chosen.. The crystal used 
is the Type T-12A, which r equir e s nc tempe r a ture controlled oven. 
CZO 1. on the front of e a ch ocd llat o:::- unit ~ ir. u s ed for frequency adjust
ment. The oscilhtor tube is a Type 6AG71 with a Type OB2 used as a 
ecrecn voltage :reguh -::or . T h e cafr.ode cur ren t of the oscillator tube is 
metered by TEST METE R M2C 3, b TEST ME TER Switch S201 . posi tion I . 

The buffer stage u s e a a 'rypc SC 7 tub~ w ith untuned grid and pla.te 
circuits . Cathode b ias r e siotor R20 9 ia unbypa s sed and the cathod e r - f 
voltage is c oupled through c oaxid ca'b!e to p:ro ,: d e input voltage for the 
sta,tion frequency monito:.· . Th~ c:i.thode c u:.-rcnt of this eta.ge is meter
ed in poaition 2 of T ;:sT ?-.U ?~ER S-wi!ch S2.0!. 

A Type 4 - 65A i:eh•1)de i., uscJ cl.:;. the ~·-! driv er. Its grid circuit 
is untuned, and i tn pl t.t'"' ; i '!'c.,.H. is !i~od- tuI:.ed and coupled to the power 
amplifier grid ci1·cui t t!uoug1'1 a fo·1 - pus s netwo-k consisting of C214, 
L208, LZZ l .. and CZ16 . A cor::1b r,~ .. ion of fixed :1nd grid leak biae ia 
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use d, t he fixed biao bcin3 sufficient to pi-ot e ·t the tube in the event of 
Jo.:;s o i excitation. Ser e ., volta~ e :e obt,dned thr ough output control 
rbPos tat R2?4.-. T hi si:reen "- olta.ge adjustrr.eut var1ea the excitation 
t ow.:r m. lifier g and t' oby controlo the power output 
of the tr 11m t r. 

1u th T pe 315 o 'l'yp ,cxsoooA 
t ctrodcs ere u ed l t power p1\f er t cc, while the 10 KW Type 
316B Tran mttter t1s threo o! th tubo • The 4CX5000A io a. 
foTced - a ir-cooled tetrod h ~ ing pbte dis ipation rating of 5000 
wattu. C oollag a ir I cue d h om b lower .MBZ0 1 to the p-a tube 
1b lf, vrhich l a a p r e arh d cham b e r . The air is forced through 
the uode c ooUng fin d thence th rough t eles copl.Ag ducts above the 
tube• tQ the oute ide o.1 the cubicle. 

Amplitude modulation of the r-f c a n ·i.e t' is accompllabed by vary
ing the acreen voltage of the 4CX5000A tubes . S$parate filament 
transform•rs are used for each 4CXS000A :uid primary tapa are pro
vided !or adjustrnent of filament voltage. Individual cathode current 
metering is also provided for each p-a tube . The center tap of each 
flb.m-::nt trans!ormer is connected, th r ough the inter-cabinet con• 
necting cable, t o an overload rela y in the recti!ier unit to provide in
dividual O\'erloa<l protection The operatl•.>n of the overload circu1try 
is described in Section 1- 6. 

A combination of fixed and g :rid leak bi~s is used in the p-a stage. 
the fixed bias being cu!Iicient t o p rot ect tt1e tube:. in the e"Wellt of loss 
o! excitation. Grid current mcte:-ing ic prov ic1ed at the test meter, 

Screen voltai;;e i s fod to the s:?.g'3 f =-o:m a..."".1 e lectronically regula ted 
source of d-c volt:'lg~ which !<:•?e~)!J s~:i.·~ ~n .-clta ge. and hence carrier 
output, constant r e&a1·dleo s o! s.: teen c,.ur•:mt changes or line voltage 
fluctuations . The d-c a m pl ifier::, in the rcgul.:i.ted screen supply serve 
also as moduh.tc r tubes 'l,,1e (' 'lc:rfptio,1 of thi.6 circuit is covered 
in following para gra phs. 

Plate vol t ;"" g-;, fo r the r; - :i 1· lge ~ · obta.'.ned from the 7500 -volt 
main rectifier . l'h.3 OT.ltput circuit. '.:onuictlng of a "Pi" att.d a. ''Too" 
network. is cot'.pled. to tb.c p l ..1ec c ircuit t·-11 ou r,~ blocking capacitor 
CZ29. Thi3 oati:ut cir cui t p rov:,!.~z th.e necc,:a: a.1 y attenuatior, and . in 
addition, m a tche s tha an.t'3nt:.a z~rcuit rcsist~n,;e to the pla te impedance 
of the p-a tubes. Sam pling t~ra for foe faetlbacL rectifier are pro
vided on s tr-it ic d::-~in cl-ob,. r..,1-.5. ':'\c stiltion modulation monitor i s 
driv en from sarr.pling c:-oi! I.:? l 9. An:.: t ;:"1C:" s.:.mpling coil, LZZZ. p ro
v ide s a n cutout ra!r,ple wh~,.;. :.. .. ,·e-:t;ifod ,:md presented a t te rminal 
TB2CJ2- 7 . Tb.is tl.lmpl e l'l.13.Y he cor..n'?ctcc" ::n the remote antenna cur
l."ent meter, Ml04, at 'J'B lO.?.-lZr a;;; ecn h-:.dication. of transmlssion line 
curxent. (Al te:..·11at ely, M1Q1;,. i.:. c-on."lsc:cti.:d to a ractified sample of 
a r: tenn:i current. ai; obi? iaed ~';.·o:""? '1.. c~t .:;,..:-..! ;.ntenna base sampling 
unit. i 
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Th• power amplifi"r s tage l'\t 5 KW opera.tea at a plate efficiency 
of from 35 to 40% with e.~ unmodulate d c<' rrler . Thia llpre lAcrease• 
to approximately 50 to 55% wltb 100% s;ine waye modalatloa. Thl• ie 
true amce the pov,cr input to the tu.be• is ccinutant, with or without mod
ulation •ltbouah the totcl power ou tput increaoe• to 1 . 5 times the 
carrier power at 100~ ,nof!ulatlon. Smee the efficiency of the 1'8.ge le 
roughly proportional to the ratio o! alter11.atlng plate •oltase to d-c plate 
yoltage. t.b• efficiency will vary over the modulating cycle, reaching a 
maximum value at tho poaiti.ve peak of modulation. At 10 KW, the plate 
efficiency la k ept abo•e 410/o, in order to limit plate di1alpation to with-
in the prescribed ~alue. -

The load impedance for the p-a tubes is such that the rated power 
output of the stage will be obtained when the alternating plate voltage 
is one-half its maximum value. Since the r-f plate voltage will double 
in magnitude at l 00o/o sine wave modulation, !arge decrea1ee ia load- -
ing will cause positive peak flattening. By the same token, large 
increases in loading ma.y over-dissipate the p-a tubes. For this 
reason, it is recommended that power output adjustment• be made 
with the OUTPUT rheostat, rather than the L OADING control. 

Proper loading of the etage can easily be ascertained by ob1erv
ing the p-a screen current, and by noting that the e fficiency is within 
the limits s tated previously. Tuning procedure is covered in Section 2. 

,-

' / The audio t.ube lineup con3ista of a pre-amplifier, a driver stage 
~ an-i a cathode-follower modula.tor stage. Also included are an overall 

feedback rectifier an.d a d-c amplifie~ regulator circuit. 
I 

The first audio s~ge u~e3 a Typ!? 807 tube in a tetrode, reslat
ance coupled amplifier circuit. R299 is a balanced "H'' pad which pro
vides the necess a ry line loading and isolation. h>.put transformer TZ07 
is a high-quality, wide - range uni t which m a tches the grid circuit to 
the 600-ohrn program line. 

The modulator d1·ive1· s tage ua es a Type 4-65A tetrode. Plate 
voltage fo r this stage is obta ined from the bleeder resistor network 
connecte d across the 7500 -volt power supply. Approximately 2500 
volts d-c is supplied to plate bll.d resis tor RZ6j . The high plate volt
age on this stage ia necessary in order that a large value of a.udio 
voltage can be obtained to drive t he mod\!lator with low diotortion. 

A filament hum-balancing potentiometer is included in this Bta.ge. 
Cathode current m etering is p rovided in tb.e t~st meter circuit . 

The m odulator tubes. c c.nnected in parallel. are operated as a 
conventional cathode follower a nd ha ve a s tage gain of about 0 . 75. 
The d-c voltage drop acroz s c a.t:h od~ rosbtor R275 supplies screen 
voltage to the powe r amp1ifie :,· . S ince audio v olt a ge alao appears 
acr o s s R275, t he screen voltJ.gc 0Z the p-a s ta.:1c is varied in accordance 
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wUb the audio input. Since it te the varit ti011e in. p-a acreen • oltage 
that cD.u ee amplitude Tnodul ation of the r-f ce.rrlo:r, the averaa• d-c 
value of oc:r oen ,~ol!ngc nmst :.em in con~tBnt ove r the modulating 
c:yclo lf avcr ngo c~rrior lovol i t l ho n. int:iio.ed. The acreea cur• 
re t of the pov:or ampllfier n;o.go . i ll v a ry ~- !th m odulation and. 
alDce thiG current fiowa throc.gh :r.nodulatt,r tub••• a. correapoac!-
ing variation in screen volto.ge c:ou l<.1 be e>~cted tl a.o co'rrectlOA 
were applled. 1n tbea e ttn!l :nitte:ra., ::i. regulator clrcull prcwlde• & 

canatant d• c v oltage drop a.c ro~s th& m oc'hila tor tubes to stabilize the 
p• a acreeu voltage. 

Figure 1-Z i• a simtllifi.ed rcp1·escntation of the modulator• 
regulator cir cuit . Tube V l :,:epreaenta the rcodula.tor tubea. lt,c; is 
the varying load r eaistanc'e p reoented by the screen ctrcult. Under 
condition■ of n o m odulation, the1·e i8 no s c reen current, and t:here
f'ore the plate current of Vl i& th ~ current fi-;>wins through cathode 
resistor R 1. The product of thio ca thode current and R 1 ls usually 
adjusted t<> be 4 30 v olts d-c n,aximurn . Tube V l thus has a yolta.ae 
drop equal to 1706 - 430, or 1270 vol ts . In orde r to hold the p•a screen 
voltage constant, tb..a v olb.ge d 'J:"op ac l:Oss Vl must remain 1270 volb, 
regardless of pfatP curren-.. Any U'l.c reaee in current must be a ccom
panied by a decrease in r c3 istan ~e so that the pr oduct of resistance 
and current is dwayB oqual to 12?0 \~olts . Thia is brought about by 
the action 0£ tubes VZ and V3. 

Gaseous regub·.tor tub.a V3 mainta in::: /108 volts at the cathode of 
V2. Re s istor R~ d ivide s the /430 v ol.to a t the cathode of Vl dowa to 
appr oximately J93 volto at the gx-id of V2 . Capacitor Cl remove• the 
audio voltage . R ~s iat or R 3, wh ich h, t.¼e pl ate load .for V2, dl'ops 
the 11700 v de t o approxim ateiy l ~OO v oita a t the plate of VZ. Since 
this is directly -::O\.'.p lcd t i) ~he ~,rid of V l , through R4, Vl has a blas 
-ol 400-130, o r -30 volt2 . 

As m odula~ic,11 ia applied, s cr~cn cm:-rent io dra.wa by the p-a 
tubes . wh ich !lc-.vn throu gh Vl, ca.t~9h.>.g an increased voUage drop. 
This means that foe ,(.:,30 vol ~ .rm .,o t 'b-:! dec,·e a.sing. As the /430 volts 
decrease s . th'l g:rid biao of V~ inc 1·e:a'.;;09 ca.uaing VZ to draw less cur• 
ren i and h en ce decrea s ~t; th~ drop across R 3. fiince the plate of V2 
i o going m o r .! ~o9itive, t h.e bi;- e of V ~. i G tlecr cnoing and therefore the 
reoi atcmce of V! i s decre?,clt!z. The v-ol'~age c rop of Vl i s in thia way 
contr ollable b·r tb.e act ion o f V2 v,hicb i ~ :H.rected b y the err or v oltage 
that appeare at the c ~.t.::'lcde cf Y • • 

The condem;~r C l is u .~e::. i:o ~rev \!: i'li; a.~r.:io v oltage eha..?1ges f r om 
ope ra.tiJ:ig th~ r t-Jufatoi-. 

A Gan,pl ~ c£ ~he output "l - i ~.:.velope iG h .!r:cn f rom static drain 
choke L ?15 au~i applied to k.:r :r.,c1. . ,:: r ~i:Cifi~l" h'lb!! V209. The modula
t ion env cfo7?1? ~:; i•ct;,ifi" t ~ a.~' t l" • · \.1l~in ~ ... \'.£lio voltage is fed b a ck 

to the gr~d ri~c,:ii: <'"~ th . (, ;. <.: udi.· , . .l ~ . !t:: m:ignitude ill adjuste d 
tc ca~ae !O ::a 20 "' b ci <)_.,,_ .. ' · ctin .• 
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SCREEN MODULATOR-REGULATOR CIRCUIT, SIMPLIFIED SCHEMATIC 
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1 .. 6. Pt'otectl-.re Circuits 

The protectlve circuits incorporated in these h'anamittera are of 
two basic types: 

l. Fully magnetic circuit brea.ke re that give a 00 c overload 
protection as well a s d-c protection of the low voltage 
and bias supplies. 

z. D•c overcurrent relays which protect the individual 
power amplifier t\.1bes and the ZS00-volt power supply. 

The ma.gnetic circuit breakers, when tripped by overload can be 
reset immediately by operating to the ON position.. They require 
no time interval because they contain no thermal elements. Five of 
these breakers are uoed to protect the following: 

CBl0l - CONTROL - Prote cts the control circuit, relay coils, 
etc. 

CB lOZ - BLOWER • Protec:ta the two blower motors against 
overload. 

CB103 - P.A. FILAMENTS - Protect ~ the power amplifier 
filament trans former s T201, TZ0Z, and TZ03. 

CB 104 - B IAS • Gives prima.r y protection for the filament 
t r ansform ers T 20-i. T205 and T206~ and for bias 
transfor mer .:J TlOl. It also gives d -c protection 
for the biaa power suppl y. 

CB105 - LOW VOLTAG E - Gives pi.-imary protection £or 
plate t !'ansxcrm er T !0Z and d- c protection for the 
low v ol tage power s uppl y. 

There a r e fou r d-e overcur rent relayD: Kl08, Kl09 a nd Kll0 t o 
p rotect the thre<;l power a m plifier tubeo, anrl K 111 to protect the 7500 
v olt powe r supply . These relays f'unctio;1 in ;:?.n automatic reclosure 
circuit that operates in the £01.lov, in g mat:mer: 

Relays Kl08, K lft9 and IU l0 a.1·e loca te d in the cathode loads of 
the power amplHiar t"Ubes , .1!1 d Kl 11 is l occ:t e d in the negative return 
lea d of t.1:!e 7500 volt po....,·er s upr,ly. The:le are omall, een■itive relayo 
which have adju.atah!e ~.-esioto :!. iu s hunt with thei2e operating solenoids . 
Tho noi-mally c lo2'0tl co~tr..ctl! cf the· ~eh.ya are ',\. i re:d in seriee with 
each other. and in ae 1:i~a ;ivitl: t he coil cf pla.t~ cm1ta.ctor KlOZ. The 
n ormally open contacts of theH.: :--efayn a n? wirel in pa.rallel anci eerve 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

1-lZ 

to en e r g i ze ~he ctc,ppiJ1g :rchy Kl07. 1{ c'.n cv <:: 1·load shoul d occur in 
any of the cir1;uit n ae:!)ociatt:d with the Zonr !:i,le.ys , the approp riate 
relay will oper::>.ta and remov e voltago f;:or:1 foe plate contactor KlOZ, 
thereby o penlnt! t he 7 :iCO volt power suppl1/ • At the same time, the 
normally open conts.ct!I 0£ thG .1•&hy wit\ ~n~::.:gi2:e the step coil ol 
K107. SirnuU.n neoua with r emc,v:.d of h i gh voltage. the cwerload relay 
wlll return t o its norm:11 p osition ,m d r :>close the plate contactor.. Jl 
the aource of overloa d i$ no longer prccent, the plate Yoltage will 
stay on. !! the o-verload pel'Di!J t;). bo,vever. the relays will a.gain 
fta11ctlon in the ea.me m.a.nno1·. Tho stepping relay will count up to 
four of these r ."!doau~es 3nd \,•ill then lock the circuit open. Dc.,presa
ing R ESET owltch $103 will :-ettrrn the £; tapping r elay to its original 
position. and nt t h·e !la.me ti::r..c will reotoTe p late vol tage. 

Ono othet'fotm of protect io,'\ i ~ ineorporatec! in the control cir
cuit deeign. '111,~~ i s the p1~o t~C" t lm1. to th e power amplifie r tubee 
afforded by v ,. ~\'mm a witch K 203 . 1'hiH owitch, because o! tts spring 
loading a)'.\c1 l.'.',,., !'laao, will pltl! up a.ii,1 drop out in a time uaten'al of 
tho or~er oi ?.O to 30 millisccc ndt:1. If c1. r~a n a.re oi- any other overload 
should occur in the powe1• ampHiic:.· ci.rcnit, the vacuum i,witch will 
quickly remmrP- the 7500 voUfJ frr n-~ the tube::» oo that the s tored energy 
in the filter c<lp .::ito-r& wilt noi: !1. cha.:..·r,e into the arc. The ewltch 
will interr upt 1 ge va.lue e of r: ,.- r.1'!t ~!tt~ckly an.d safely. and ca:a with
atand extremely ,tigh vol~gec. :nacauce of the t r ansient nature ol the 
intcr'l'Upting wa? e , vo:ry !ligh , •~.ltilge~ ca :i a l"ioo o~ the switch 1ut1em• 
bly. It in impo:.·tint, the :refo:·e, lO r,bsG:nrc the m ain~nance s chedule 
in clea iiing t~H! 1- ~ass !nub of S:=: · s tiwit~h , to prev ent breakdown• across 
tho outside of t!rn env elope. 

Fo~ pe:..·aon .. d GL'.fo~y, ~hc.rt:!lg ov.itc':1?!£; , opere.t8d by the fr on.t 
doors, are i.ncorporc1.t od in the ".i:1u:Jmittc1· . The s witch in tho recti• 
£ier .. con.trol 1.u1it :.ho~·t - ci~cuit ths ./650 , tl 700, 1111d J 7500 volt wi res o 
T he &witch i.1 ~L! a.mpHfi(;r sh ~t-ci ~cuit~ fac :sso and ./1700, and th e 
/ 7500 v olt circuits . the 1.-"'..t te!:" ~m tht• fi7.Ll· c?.pacito:r oide ;md 011 the 
tube aide of tt.e v~~c;.~;.un .i9witcl., t:. ···c'::-;/ d!.r.;cb.·.:.-:-cing the plate blocking 
c apacito r C229, .4nd bypaao ca.'. -it 1· G·c~O. 

~ r~ opened, an.:J is t'?-r . .c"efo-;~ not oh.orte d by the 
coc. r g:r~unding; nwii::.-:hco. 
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1-7. Power Sv.ppliee 

Three d•c power euppliee aro us din the tl"all&mltter. The bia• 
power supply proYides grid bw.o for tho 1·-! drivel' ata1• and the power 
ampllfler etage. The lo voltaa rectifi r euppll•• plate and ecreen 
volta1• for all tub•• oxcept the p\tltes of the a.udlo driTer aad power 
a.mpllfler. The 7500 ,rolt rectifler eupplies plate yoltage for the p-a 
tube• a.ad for the audio driver. 

A. Bl&• Power Supply 

The bia.s power supply provides -lZO v de at 150 ma. and 
use• four selenium rectifiers in a Cull-wave center-tapped con
figuration. The bias ,roltage is usod to operate the low voltage 
contactor KI06, as well ae to provide grid bias ln the r-! stages . 

B. Low Voltage Power Supply 

The low voltage rectifier is arranged in a bridge circuit and 
provides /850 v de at 150 ma. and I 1700 v de at 200 ma, Eight 
selenium rectifiers are used. Four Type SEI 1S34H700 are used 
in the 850-volt load circuit, and four Type $Ell U46H688 are 
used in the 1700-volt loa.d circuit. Theee rectifiers are operated 
at roughly one-half their rating with respect to forward current 
and peak inverse voltage and, with the cooling provided by blower 
MBlOl, ahould give many years of trouble-free service. The 
low voltage supply is protected from a- c and d-c overloads by 
circuit breaker CB 105. 

C. 7500 Volt Power Supply 

The high-voltage rectifier zappli0s 7500 v de for the power 
amplifier tubes . In the Type 31SB 5 KW transmitter, the supply 
is rated 7500 volto at 2 amperes; in the Type 316B 10 KW trans
mitter, the larger rectifier t\Bed is rated a t 7500 v de, 4 am
peres. The rectifier arrangement i:- a conventional three-phase 
full-wave circuit uGing 60 selenium rectifiers. Ten units are 
connected in series in each leg ol the rectifier. Forced-air 
cooling is provided by blowe~ 1•/03101 and thie, along with con
servative use. should 1·eo1tlt in years of rectifier service. 

In the Type 315B transmitter, two plate transformers are 
open delta eonnected in the 7500-volt primary supply, and filter 
reactor Ll05 ha@ its two separate windings connected in aeries. 
In the Type 316B 10 KW tranemitter, a third transformer is 
added and the windings of filte:e reactor L105 are connected in 
parallel. 
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1-3. Teet Meterhis• Sccle Iaterprctatlon 

Th• followina tabl o will b o! b ~nefit in ill.torpreti.Dg th• 31 SB/ 
316B teet mci.e r reading&. which a'J'e pres ented in ••percent of AOrmal. " 
a should be noted tba.t the indications are approximate ODly, and a re 
lntendod &.• average re-.dlnga iu e. normal situation. A chart o! 
specific mater readingo l e r e c?r!!ed f or each tra.Asmttter ~dis in
cluded tn. the inshuc:tion b ook lurniehed ,vtth that naaemitter. 

Nor m al Normal 
100% Reading Reading 

Position. Reading S KW 10 KW 

Osc.-K 150 m a 10% 10~ 

BuffrK 110 m a 25-3S~ 25-35'h 

Dvr ... G 20 m a 15-30o/o 15-30% 

Dvr.-K 110 ma 45-65% 45-65% 

PA-G 300 ma 35-60% 35- 600/, 

PAl-K 2 . 9 a 30-35% 30-45% 

P AZ-K 2. 9 a 30- 350/o 30-45% 

PA3-K 2. 9 a 30-45% 

1st Audio-K ZO ma 35-4 So/~ 35-45% 

Znd Audio- K l!O n1~ 25-30% 25-30o/o 
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l • 9 . Power Cutback (Optional) 

Certain Typo 316B tranemlttere a.re optlonaUy equipped for lA
•IAll~~"'.,.,u po er ■wltcblD1 from 10 KW to 5 KW, or Ylce•••r••· 
Slmiladr, Type 315B UAita may be cut back from 5 KW to 1 KW. 
Power •-ritchiag la accompUohed by operl\ting puahbuctoa awitche• 
marlt•4 "High" and "Low" on the right hand rectifier control panel. 
The following description lllustrateo cutback from 10 KW to S KW. 

A. 5 KW to 10 KW Powel' Change 

If the transmitter is operating on low power (5 KW) and the 
"High" pushbutton, S104. 1, i• pushed, the plate contactor, KlOZ, 
open• . the latching relay, Kl03, loclu in and the high voltage con• 
tactor. Kl 15, is energized. Kl 15, ~vhen energized, 1wltches the 
necea•ary taps of the .oecondary of the plate traneformere. When 
S104. 1 is released, the plate contactor, KlOZ, again closes and 
the power amplifier tubee then receive plate power at approxi
mately 7500 volts, which is the power needed for 10 KW opera
tion.. Auxiliary contacts on plate contactor K102 prevent opera
tion of the switching relays until plate voltage is removed. 

With Kl03 in the locked-in (10 KW) position, the following 
r elay• are energized: 

Kll5 - High voltage conta.ctor closes, connecting the 
plate transformer secondaries for 7500 volta 
de to the plates of power amplifier tubes. 

K204 - Screen relay contact closes, increaahlg the 
power amplifier screen voltage. 

KZ09 - R-f drive relay contact opena, incre&alng the 
r-f drive to the power amplifier grids. 

KZl0 - Audio relay closes a.nd attenuator R297 is re
moved from the audio feed line, increasing the 
audio signal to the modulator system . 

B. 10 KW to 5 KW Power Change 

Jf the transmitter is operating on h igh power (10 KW} and 
the 11Low11 pusihbuteon, S104. Z, is p1.1shed, the plat• cont.actor, 
Kl0Z, opens, the latching r elay, Kl03, is released, and the 
high ~oltage contactor, KllS, i-, de-energized. K115, when 
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de-energ:~.e: \. 3, ·it~h._1:J t.~e hirh volt.:lge 1e..::tificrs to the neces&ary 
taps of th:: eeco"idary of t--~O pfa~e tra:1sfor,'1c:rs. When S104. 2. . s 
released, the plate contactor, Kl02, agair. closes, and the pow31• 
amplifier i:ubee then r~ceive plate ?.::, :ver o. · :.pp:roximately 6000 
volts, which i8 !½e woltag:} n eeded for 5 tn/ lperation. 

With !Cl03 in the r.elcaoe<l positic1,. the .:ollowing relays ara 
cle•energi~ed: 

Kl 15 • r-Iigh voltage c ontar:to:-i' ope.n.3, , connecting the 
plate transformer secor~daries for 6000 v olts 
de to the plat,,s of th e power amplifier tub es. 

K204 - Screen relay opens, re<lucing thn powe r am
plifi~1· 6crcer. voltage. 

K209 - R-£ dr:~ e relay open3, :reducbg r-f drive to 
~he po,,e:r ar.np1i£ier grido. 

K210 - A\;,dic rehy opens o.:.1d a ttenuato1 RZ97 is in
se1·tcd in tbe audio feed l•ne, r er;reasing the 
.w.oio signal to the modul-1.tol' E:yutem. 

Drawing No. 19345-B shr,ws ,ht~ adcF .ion.al c.:>mponents and wiring 
required for lOT{W /5KW cutb ck op,n·atioa. Not; that the standard 
Type 315B / 3 l ~B tranamitter, when pro,•iried fc r straight one-power 
operation. <1-nd unequipped for cutback. w:11 c o ·1tain all standard com
ponents except thosE; shc\·m a:- ''Added:' :>I': Dra1-1 :tg No. 19345-B. '.:'ha t 
ise Kl03, K2.(M., a.nc; the "'i-lig'i" and "Lew'' powe: pushbutton arrange
ment is a stc!.t.rlard p<lrt of the transmitt-?:..', Or I on-cutback units , the 
power reduct.ion feat.-urc m:3.y ·,e u3cd to i-~cluce pl}wer somewhat for 
testing purpos ~s. 

'l'he Type 315B 5 KW t:rat,nmitt~r, whe11 p;:ovided with power cut
back from 5 KW to I 1'C1-V, wiB ope1•.1.te e!J<Jcnti; Uy ~he s~.me as d~s
cribe d above, e~~c ept that the opcra;;irig voltages will b~ thos e r equi rnd 
for 5 KW .... r...:: 1 I•~W lpe:t'at•on. R ~fer to dra.wir g No. 19360-B for the 
proper c:onnei::ti<:11s 201.· this mode of ope~c.tion. 

Tne Typ-= 31513 /3i6B transmitt?l', •.,:ten 3\tp >lit:d vith CONEJ...RAD 
switching. ie tncdified by the o.dditicn. or '?-\c foil wbg parts: 

Cry~ ta.l o~cillator seL!ctor S'-.it~ ~ b S"?~ 2 is rerno'\' ed and 
is replaced by two DFDT :-e\ays. {.2(,5. 1 c.cd t<20!> . Z. 

wigfi
Stolen 2 Line Transparent
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SECTION z. INSTALLATION AND OPERATION 

Z-1. Uneckhaa and Auaembly 

2-2 

All compou uta whlcb t'e fr Uc oi.· might •uffer damage in 
domeetic ehipment ar r m<>'Yttd from th c blnete at tla• factory and 
p eked in ••parato boxce. Inspect all tho crate• 1.11d boxea iAcluded 
in th• 1hipment, 1t ther ts evldenc• ot dam&ge to &nJ' part of the 
1hlpme11t, aAYe the packing material and make a claim to tho tra1u
portatlon company. 

The following p rocedure may be used to a.asemble the trans
mitter and ready lt {or operation: 

1. Set the two cabinets in position in the operating room. The 
rectifier and control cabinet is placed to the left of the am
plifie r cabinet, a• viewed facing the front of the equipment. 
Jf the floor is uot level, place shims under the corners of 
ahe cabinets as necessary. Check the operation of the front 
doors . Jf they do not close and latch properly, adjust the 
shims accordingly. Each door is fitted with hinge pins, the 
top socket for which may be adjusted to obtain proper closure 
and fitting of the door seal. Likewise, an adjustable socket 
is provided for the top latching rod. 

2. Remove all shipping tape and packing material from the 
wiring and components ineide the cabinet. 

3. Install the h-v plate transformers , Tl0 3.2 and Tl03. 3 (and 
Tl03. l in the Type 316B). P l ace them on the racks proyided 
for them with the terminals £acing the center of the rectifier 
cabinet. In the 315B t ransmitter, install the two transfor
mers on the right-hand rack. In the 316B tranamitter. install 
the third transformer in the rear of the left-hand rack. Con
nect the wiring acco2·ding to schematic diagram Drawing No. 
19001-E. 

4. Install filter reactor L105. Thia is placed in the front of the 
left-hand rack w ith terminals facing the center of the cabinet. 
Connect the wiring per Drawing No. I 9001-E. 

5. Inatall the two sections cf high- ·-,olta.ge selenium r e ctifier 
assembly, Note that the t ;,o a r e not identical, but are mirro r 
images of each othel.· . The three high voltage ac coDDections 
are made at the front by meana of the three 6-32 screws pro
vided. Install the two rectifier asaemblie• through the hole in 
the top of the rectifier cabinet so tha.t these connectillg studs 
are at the front center of the cabinet. 
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CAUTION 

Handle the r ectifier as11embli•• by the 
metal channels. Never a ttempt to u•• 
the rectifier unite o r bakelite support. 
for handle•. 

2-3 

Connect the three a.c wires t o the otuds proYlded and at the 
tiame time connect the two assemblies together at these 
three place• with the bus wire provided. The two de wires 
are connected to the bottom rear of the assembly with the 
negative lead to the left and the positive high voltage wire 
to the right. 

6. Install the larger of the two blower motors in the rectifier 
unit as shown in Figure 5-11 . Connect the three wires to 
the terminal strip on the blower fra me. The three wires 
can be connected in any, ordei·, and will need changing only 
if the motor rotation is b a ckward. (See Section 2-Z) 

7. Install the c abinet inter-conne cting cable. One end of the 
cable is alrea dy connected and packed in the rectifier unit. 
Feed the other end of the cable through the hole in the bot
tom right side of the r ectifie r a nd connect to TB201, 5205, 
and ground block E201 in the a m plifier unit. 

8 . Install the 1600 ohm globa.r r e::i i ator , R295, and the two 5 
megohm res istors, R296 and R298, in the amplifier unit. 

(See Figure 5-3.) 

9. Insta ll the vacuum padding capacito r s in the clips provided. 
(See F igur e 5-4. ) Cons ult the t able of coil and capacitor 
oettings fo r v alue s u sed in variou s !oc ~.tiona. To inatall 
C233, retnove the cover f rom th e "Tee" network compart
ment in the c ente r r ear p ortion of the cabinet. 

10. Ins tall the blowe r , MB20 1, in the amplifier unit. The canva s 
air duct is fas tened into the p-a mbe s helf. Fasten the other 
end onto the blower outlet \Vi'i:h the clamp which is secured 
to the blower. Make zure that there a re no twists or kinks 
in the canvas and tighten the cla mp s e curely. 

11. Install the vacuum t.1bes , crys t ~ls nnd c ryatal shield cans . 
Before i.n!ltalling the 4C X5000A tt1bes. loosen the anode con
nector straps s o tha t the tube w ill drop through them. When 
in3talling the 4:CXSOOOA's, use a s t r a i ght up or down and 
t wi s ting m otion . Nn_!cr u ge a r ocking motion! 
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2-4 

12. Connect the tbree-pho.se power line at TB105 in the rectifier 
cabinet. Connect tbe 115 V 60 cycle control voltage to ter
mmab Z3 and Z4 on TBl0 l, observuag the proper around 
polarity. Connect tho earth ground lead to ElOl. Conaect 
th• program llae, modulation monitor and frequency monitor 
wiroa to TBZ02. Connect the transmission lbae to EZ06 on 
top of the amplUler cabinet. 

13. Jnata.11 the alr filters 111 the rear of each cabinet, making 
certain that the arrows on the sides of the fitter• point 
toward the in•ide of the cabinets. 

2 .. 2. External Air Supply 

In order to prevent re-circula.tinn of transmitter exhaust alr into 
the air inlet passages, some m eans for separating inlet and outlet 
air flow should be provided. 

It ls suggested that the inlet air be d\lcted into the rear of the 
transmitte:- cubicha through a direct duct to the outside of the tran•
mitter building. The exhaust air may then empty directly into the 
room. Alternately~ an exhaust duct may be installed from atop the 
transmitter to the outcide of the building. In the latter case, the duct 
should be of sufficient size to prevent back pressure and consequent 
re-circulation between the exhaust ports of the transmitter cubicles. 
(See Installation Diagram, Figure 2.-1. j 

It is desirable, particularly if the transmitter room is small, to 
inatall an external exhaust fan in the building outside wall, to help in 
removal of the heated tran.emitter air. If the transmitter is located 
behind a partition wall. the exhaust fan may be thermostatically con
trolled, and if desired, special ducting and damper arrangements 
may be used to utilize the transmitiel" air temperature rise £or winter
time building heating. 

2.-3. Operational Check 

With 208 or 230 volt. 3 phase, 60 cycle power connected to 
TB105, and with 115 volt. 60 cycle power connei::ted to termia.als 23 
and 24 of TBl0l. the transmitter fo ready to otart in the following 
sequence. Firsi. make sure all control switches and breakers are 
"off''. 

I. Operate circuit breakez•s CB!Ol. CB102, CB103, CB104 and 
CB105 to the ON position. Cloae both cabinet doors. 

2. Operate MASTER switch S10! to the ON poeition. This will 
energize contact-or KIO J which will in turn energize the blower 
contactor, T<l04. Both blowe,_.o should start. 

wigfi
Stolen 2 Line Transparent
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AC LINE VOLTAGE 
MIOI 

LINE VOLTMETER 

AIR 
0S101 

BIAS 
OSl02 

SI05 "• 

MASTER ____ __,J 

S101 

FILAMENTS 
0S104 

LOW-HIGH POWER 
OSl07 0S106 

LOW-HIGH POWER 
Sl04.2 Sl04.I 

HIGH VOLTAGE 
0S103 

PLATE ON 
S102 

RESET 
SI03 

READY 
0S105 

ANTENNA CURRENT 
MI04 

SCREEN CURRENT 
M201 

2- 5 

TEST METER 
M203 

PLATE HOURS 
MI03 

PLATE CURRENT 
M202 

FIGURE 2-2 
LOCATION OF CONTROLS 

OUTPUT 
R224 

• 
TEST METER 

-~-- S201 

I .:.:.,_ ___ LOADING 

TUNING 
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Z-6 

Turn olf MASTER awitch S101. Open the froat door of Ille 
rectlller-contl"ol unit a.ud note that the BLOWER HOLDOVER 
relay, KllZ, l• rwming toward zero. The 1:t.oldcwer Ume 
ehould be adjuotod to at least 60 aecond1. Wit.ea the haa4 
reachoa zero, blower couta.ctor K104 will drop out. At the 
blowere coaet to a. ntop, note the direction of rotatioa of each. 
Looking from the motor end, the blower muat rotate in a 
clockwise direction. If it is rota.ti.zag counter•clockwlee, 
lntercbange any two of the motor wlrea. 

Important_! 1£ at any timo the blowers are remcwed, check 
the rotation when replacing. Counter-clockwb• rotation may 
operate die air ewitchce but damage to components may result 
from decreated air flow. If ever the pha.ae rotatlOD of the 
power line lo chanaed, a corresponding chaaa• must be made 
in the blower poweir !eed. 

3. Closs both cabinet doors. Operate MASTER awltch S101 to 
the ON position. The blowere wit! reach opera.ting speed very 
quickly. Note that e.s the air flow ewitche• cloee, Am indica
tor lamp DSl0 l wlll light. Failure ol this la.mp to light mean• 
either that the lamp its defective or that there ls iaaufftcient 

. air flow to operate the ai r ewitcheo. 5107, located in the 
rectifier-control unit, operates in a large volume of air. szo•. 
located in the amplifier unit, is more sensitive a:nd will not 
operate l£ a i r flow is decreased by clogged air filters, clogged 
cooling fins on power amplifier tubes or stopped up air outlet. 
Observe the tnai.ntenance schedule on the air filter• and clean 
according to ins ti-ucUons. Pe1·iodie inspection of the air ays
tem for leaks , dogged tube fins and large accumulations of 
du_s t will insure cool operation and incr eased tube life. 

Aa AIR indicator lamp DS!0l lights, filament contactor KlOS 
will be energized, and FILAMENTS farnp DS104 will light. 
This will apply filament voltaie to all of the vacuum tubes and 
at the sama time will energize the bias power supply. A short 
time delay is provided by thermal relay Kll3, to allow for 
tube f ilament warm-up. Upon. operation., Kll3 contacts con
nect the bias supply output to the door interlock circuit, and 
thence to the de coil ox t!le low voltage contactor. 

If the door interlock o;r,ii;ch~s , S108 and SZ03. are functioning 
properly, the BIAS i.u.tlicator lamp, D$102, will light, and at 
the aame tini.e, t~e low voltage contactor, K106, will pull up, 
which wHl light foe READY lamp, DS105, and apply /850 volte 
de and I 1700 volt!l de to the vario-as circuits in the amplifier 
unit. 
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Check tho operation of the door interl ock •witch•• by open
ing and cloalng oachchor eopar&tely, and nottna &hat tho 
READY lamp, DSl0S. and the BIAS lamp. DSl0Z. are ex
thlguiehed as the door• are opened. 

•· Th• tran.amitter is now r oady for the a ppllcatlcm of plate 
Yoltage to tbe power amplifier tube■• No modulation ehould 
be applied at tbi■ tune. 

Operate the HJQH VOLTAGE switch. S102. to the ON po■l
don. Thia wlll energize the plate contactor, K102, and 
apply power to the plate tra.nsformere, Tl03. 1. Tl03. 2 and 
Tl03. 3 . Observe PLATE VOLTAGE meter MlC2. 

NOTE - If the "Power High-Low" circuit ia la the LOW posi
tion, the P.A. screen voltage will be reduced. For full 
power output, always operate HIGH POWER pushbutton. 

As the HIGH VOLTAGE switch., S102, is cloaed, two other 
functions a re performed in addition to the closing of plate 
contactor KlOZ. Vacuum switch t<:203 has lta actuating ■ole
noid wired in parallel with K102, and b ecause of its higher 
speed, will be heard to close slightly before Kl02. Surge 
contactor K202 also has its actuating solenoid wired in paral
lel with Kl02. However, K202 i a slightly delayed in closing. 
This is due to the action of thermistors RT201 and R T202, 
which are wired in series with the coil of K202. These ther
mistors have a high cold resistance. As voltage is applied 
to the circuit, the resulting current warms the thermistors 
and in ao doing, decreases their resistance until their voltage 
drop is low enough to energize KZ02. The thermistors are 
then shorte d out by contacts on K202 so that they will cool and 
be ready !or subsequent reclosures. The other contactt1 on 
KZOZ short out reaistor R295 which is in seriea with the filter 
condensers, C250. l , C250. 2, and CZS0. 3 . 

The presence of R295 in series with these condensers limits 
the inru 3h current in the main plate transformers which would 
otherwise be quite high, because of the charging current in the 
"resietancekas" condenser&. 

5. Check the readings of the meters, including all of the ''Test 
Meter" positions against the typical readings given in the 
meter cha;;-t. 
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2-4. Operation 

All functions of normal operation are p~i.':formed wsing th• con
trols and inetruments on the transmitter front panels. Figure Z-2 
illustrates the loca tion of these co:itrola. 

To start the transmitt~r .. place the M.~STER switch in the ON 
position. It is cuetoma.ry to wait fifteen to thirty seconds for the tube 
cathodes to beat before turning HIGH VOLTAGE switch S102 on. How
ever, if it is desired to iet on the air as rapidly ao posaible, S102 may 
be operated a.t once and high voltage will be applied automatically upon 
operation of time delay relay Kl 13. 

To abut the tran3mitte1" down, turn the HlCiH VOLTAGE a.nd 
MASTER switches off. 

2-5. TUAing 

The elements comprfoing the output network of the traoemitter are 
adjWJted at the factory during testing so that very li&:tle, if a.ny, baning 
will be necessary after the tran:smitter ie ins talled. 

Two tuning controls are presented on the front panel for extern.al 
adjustme11t. The TUNING control operates CZ3 l. 1 for tuning the p-a 
platP. circuit. The LOADING control opei-ates CZ32.1 for loading ad
justments in the p-a plate circuit. As etated previouslyo the loading 
control should not be used to adjust power output. 

The p-a stage may be determined to be properly loaded by observ
ing that the plate cil'cuit ef'.ficiency i& approximately 35-40% (5 KW; 
above 41% at 10 KW.} Excessive loading of the stage can be determined 
by poor efficiency. If this is evident, rotate the LOADING adjustment \ 
counter-clockwise , at the eame time re-adjusting the TUNING and ~ ~ 
OUTPUT controle, until the prope r efficiency is obtained. ~ \ 

One other means of chec~1:ing foT p :eoper loading is to observe the \ 
carrier level meter on the stadon modulation monitor. If, when the 
tranemitter i s modulated 100%, the carrier level meter reading de-
crea ses by more than 2 or 3%, the loading is insufficient. In this case, 
rotate the LOADING control clockNise, at the came time re-adjueting 
the TUNING aud OUTPUT controls until the carrier shift is l°lo or less . __/ 

Screen current potcutio:n:!te:: R278 2-nd P. A . bias adjust resistor 
R227 have been adjusted at the fac tory for minimum 'P. A. screen 
current consistant with proper oparating efficiency. Should re-adjust
ment be n ecessary, a slight change in R i78 should be all that is re
quited. The screen current o:':lould not be increased more than 10 to 
1 S percent of i!::s origi11al zei-o modu!aticn teat value by this adjustment. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

2-9 

Z-6. Adjustment of Hum Balance Contrcl 

When the modulator driver tube, V207. is replaced, the residual 
a olse level of the transmitter ehould b~ checked. If the noise level 
is leee than 55 db bolow 95'!o modulation, hum balance potentiometer 
R2S8 should be readjua~d. This ia done in the followhla manner: 

1. Calibrate the dlstortiou and noioe meter Sn the prescribed 
mamier wlth the transmitter modul&ted 95f, wlth a atea.dy 
tone of 1000 epG. 

z. RemOTe tho tan. &Gd measu.ro the noi•• le••l of the tran•
mUter. 

3. Mak• aote of the noise level o.nd adjust R258 to ob~ba a 
rnmhnum reading on the noise meter. 

2-7 . Uae of ()yerall Feedba.clt 

As explained pr~vioualy, the uoe o! overall feedback will improve 
the performance of the transmitter considerably. The feedback cir
cuit i• &djueted at the factory for op~imum resalta. Feedback in ex
ceea of the optimun1 value may reault !n 01Jcillation ol the audio am
plifier. Leso than optimum v alue will, of eours-a, fail to utili.:e the 
desirable features o{ the circuit. 

1t has been found th..,t 10 to 20 db of overall ::eedback will give 
excellent result& wit!i good ci'rcuit sta1>ility. The amowat of feedback 
in use ca.a easily be dotorminod by mca.sui·ing thG audio amplifier gain 
reduction causec by t'he f eedl>~ck. Tbb is done in the followiQg 
manner: 

1. Remove the over?..l! feedback by adju~ting control R?45 to 
minimum setting, or by ohort-~ircuitin~ resiator R248 to 
ground. 

Z. Modulate the hanomitt~~ lOC~ ....-,ith a 1000 cps tone. Note 
the audio level of the tone. 

3. Remove the aho:ri r~om R218, or re::J..t:.1just RZ45 to ita original 
position. 

4. Feed the same auJic lcv:?l of 1000 cpu tone into the transmit
ter and note the p?.rc~i).tage modulation. 
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5 . Tho reductfon of perce;it rGod ubtion in db, noted in s tep • • 
wUl be equa! to the arr_(,unt of feedba ck uaod. also ln db. Jf 
the m ct~r has n o db s c ale. tl1is can easily be computed. tor 
exampte: 

Suppaa e that feedb~ck rec~ucea the pcr ce11t modulation to 
50~. theo. the volh.gc r a t io i s ! 00:50 , or ? :1.. This i s 
eq1.1,al to 6 db. 

Since feedback reduce!! the ovcral! ga in of the • yetem, then oper
ation wit:Aout feedback will require a progr a m input le•el less than 
that required with !eedbacl b y tlio a.moi:llt of focclback u•ed. For in
stance, the n.or m al progr iu l evel required for 100~ m odulation ie 
/ 10 dbin j_2 db. If 10 db of feedback is r eu1.oved, then the program 
le vel wUl require reductio."1. to O dhm £1. db. 

2•8. Tuning Charts 

The charts shoWD on the fellowing p~g el:3 are izacluded as an approx
imate indica t ion of the correct value f 0 1· the components indicated. The 
charts are inc1t?ded for informational purposea only, •lnce all com
ponents to which they r~fer have been correctly chosen aad adjusted 
at the factor y £or the specific ope rating frequency. 

Should a change u1 operating f requ.e11cy b e r~qllired, this informa
tion w ill aid in ~sta.blishiug new operatin g parametera. Except for 
these indicated cb angeo, and, of cour se. the provision of new crystals, 
only the RF drivElr pl a te tuning c ircuit ne~d be r etuned .. 
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TH& NAHUl'ACTUIIS 011 ■AL& 0 1' A,.PAIIATU■ WITHOUT .. &IINl■■ION . 

USED WITH 
/9 0 0 E. 
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MA l 

FIN 

UNLESS OTHERWISE 
SPECIFIED 

DIMENSIONS IN INCHES 
TOLE RANCES 

FRACT. DEC ANG. 
:t 1/64 :t .015 :t 1/t • 

SYM IIEVIStONS 

E 102. ( ) ) ...---- -- .. -
E. 202 

- ·'-C175"~p 

E c.03 

( l O 4 ___ ( ____ \) ____ E c... 0 4 

S 2.05 

DATE APP 
C NTINENTAL ELECTRONICS MANUFACTURING CO. 

DALLAS, TEXAS 

\t . IN1 \:.R C..ON N l C Tl N(1 C..I\P., LC. 

( CT. V N \ 1· ,o PA . U N l 1 

P( 315b ~u,e/31,fJ T RI\N :; YIIT rER 
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Stolen 2 Line Transparent
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/7DTV s ,- FEEDB/9 c 1C. L c>ol" G,,,, ,,.,, O,,v c CJ .A,'c ~ ,., ,,. ~. 
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THl:91t DR"WINCS AND 9Pl:CIP'ICATION9 AIH THI PIIOP'IERTY OP' CONTINl:NT AL ILICTIIONIC9 M"NUP'ACTURI NG 
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THI: MANU P'ACTURI: OR 9"Lll OP' Al"l"ARATUS WITHOUT PIEIIM19SIO N . 

USEO WITH 

/ ,,. 
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I o - ,1J, -

MATL 

FIN 

UNLESS 0 
SPEC 

DIMENSION 
TOLER 

FRACT. D 

i: 1/64 ± . 

RF Co" r11 c. r.s 
._.,) y s 2 S I t \f_ 5 4 S3 

rrn R c.&. I<, al, Co N . &l)~6 
, T 
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11/0 r15 2. 

TB / 08 
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SYM REVISIONS ONTINENTAL ELECTRONICS MANUf ACTURING CO. 
l; DALLAS, TEXAS 

.... 
Cc;vrlf. 0 1... C 1A cv, r 

'"IERWISE 
IED 
NINCHES 

"IC ES 
ANG . 

5 ± 1/20 

--ENG_D~-WN / 9 9 4 1 B . 
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~ONTINENTAL ELECTRONICS MANUFACTURING CO. 
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TENTATIVE DATA 

ltf~~ 
5'6-fJV 

E I T E L - M c C U L LO U G H, I N c . 
S AN BRUN O , CA L I FORNIA 

The Eimac 4XSOO0A i, o compact high power forced-oir-cooled tetrode of metal and ceramic 
construction. The 4X5000A is useful as an oscilla tor, amplifier or modulator at frequencies up lo 
30 megacycles at full ratings. lh characteristics make it perticularly useful as II linear single
sideband amplifier, clau AB, audio emplifier or os a screen-modulated redio-frequency amplifier. 

A pair of these tubes will deliver 17.S kilowatts of audio-frequency or radio-frequency power 
with zero driving power. The plate dissipation is rated al five tilowath for most applications, and 
,ir kilowatts for Cl,ns-AB operetion. 

GENERAL CHARACTERISTICS 

ELECTRICAL 

Filament: Thoriated Tungsten 
Volta go 

Current 
Grid-Screen Amplification Factor (Average) 

Direct lnterelectrode Copacilances (Averoge) 

Feedback 
Input 
Out put 

Highest Frequency for Ma,imum Rating• 

MECHANICAL 
Base 
Recommended Socket 

Mounting 
Cooling 
Muimum Over-all Dimensions: 

Length 

Diameter 
Net Weight 
Shipping Weight (Approx.) 

Grounded 
Cathode 

0.75 uuf 
IOI> uuf 

18 uuf 

7.5 volts 
75 ampere> 

5 

Grounded 
Grid 

0.14 uuf 
47 uuf 
18 uuf 

30 me 

• Special, Concentric 

- Eimac SK-300 
Axi, vertical, base down or up 

Forced Air 

9-1 / 8 inches 
- 4- I 5 / I b inches 

91/i pounds 
22 pound, 

Note: Typical op1ratioo data are based on conditions of 11djusting the r~f drlv1 to • specified pl•te currant. maintaining fi11d conditions of 
9rid bi., and screen voltage. It will bo found that i i this procedure is followed, there will bo little v,riation in power output between lube, 
even though there may be 1om1 v,riation in grid and screen currents. Wher• 9rtd bi,H h obt•ined principally by means of a gr1d relistor. 
to cont rot pl•+• current it is necessary to mdlce the resistor adiust•bl1. 

RADIO-FREQUENCY POWER 
AMPLIFIER AND OSCILLATOR 
Class-C, Key-down conditions, per tube: 

MAXIMUM RATINGS 
0-C PLATE VOLT AGE 

0-C SCREEN VOLT AGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

SCREEN DISSIPATION 

GRID DISSIPATION 

7500 MAX. VOLTS 

1500 MAX. VOLTS 

3.0 MAX. AMPERES 

5000 MAX. W ATTS 

250 MAX. WATTS 

75 MAX. W ATTS 

(Effective 6.f -56) Copyright, 1956 by Eitel-McCullou9h, Inc. 

TYPICAL OPERATION (Froquoncios below JO me.) 

0 -C Plato Voltage 

0 -C Screen Volta9e 

0-C Grid Voll•9• 

0 -C Plate Current 

0-C Scroen Current 

0 -C Grid Current 

Puk R-F G rid Voltage 

Driving Power 

Grid Diuipation 

Screen Diuipation 

Plate Dis,ipation 

Plato Power Output 

7500 volh 

500 •olh 

-]50 volh 

2.8 amperu 

0.5 amperes 

0.25 amperH 

s,o •olh 

ISO waits 

60 watts 

250 watt, 

5000 waits 

16.000 watt, 
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L•~··· 
~ ... 4X5000A 

PLATE-MODULATED RADIO
FREQUENCY POWER AMPLIFIER 
Class-C Telephony, Carrier Conditions 
unless otherwise specified, one tube: 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C SCREEN VOLT AGE 
D-C PLATE CURRENT 
PLATE DISSIPATION* 
SCREEN DISSIPATION 
GRID DISSIPATION 

5000 MAX. VOL TS 
I 000 MAX. VOL TS 

2.5 MAX. AMPERES 
3500 MAX. WATTS 

250 MAX. VOLTS 
75 MAX. WATTS 

CLASS-AB RADIO-FREQUENCY 
OR AUDIO POWER AMPLIFIER 

MAXIMUM RATINGS per tube: 

0-C PLATE VOLTAGE 7500 MAX. VOLTS 

0-C SCREEN VOLT AGE 1500 MAX. VOLTS 

D-C PLATE CURRENT 4.0 MAX. AMPERES 

PLATE DISSIPATION 6000 MAX. WATTS 

SCREEN DISSIPATION 250 MAX. WATTS 

GRID DISSIPATION 75 MAX. WATTS 

TYPICAL OPERATION, Fr•quenciu b•low 30 me: 

0-C Plate Voltage 5000 volh 
SOO volh 

~00 •olh 
0 ,C Screen Volt•g• • 
0,C Grid Volloge 
D·C Pl•le Curro♦ 
o.c ScrHn Current • 
0 -C Grid Current 
Pook R-F Grid Voltoge 
Grid Drivin~ Power 
Grid Diulpatlon 
Sctttn Oissip.ttron 
Pl•te Dis1ipotion 

1.4 amperu 
0.2, omptru 

0.050 ompe,u 
520 volts 

25 wath 

' w•lh 
130 watt, 

Put A-F Screen Voltoge tor 100% modulation 
Plot• Powtr Output • 

1100 wath 
450 volts 
5.1 tilowath 

•Corre.pond, to S ~w at 100%, sine-wave modulation. 

TYPICAL OPERATION, Clan-AB, R-F LinHr Ampl;Jiu, one tubt, 
P .. k Envelope or Modulation Crost Condition,, 
Frequenciet, below JO me .: 

0-C Plate Voltage 7500 volts 
0 -C Screon Voltage • 1250 volh 
0 -C Grid Voltage• -300 •oils 
0 -C Pia te Current • I. 9 •m peru 
1oto•Signal Plate Curront 0 .50 omport1 
0 -C Scrun Current 0 ,20 omperts 
D-C Grid Curront . 0 amperes 
Ori<tlng Power • • 0 ••ttJ 
Puk R·F Grid Voltage 300 volts 
Screen Oiuip•tion 2Z0 weHi 
Plate Dluipation 4200 with 
Plot• Powu Output" • • • • • • • 10,000 watt, 
'Adfust grid voltage to obtain 1ptcified Zoro-,ignal plate current. 
"Peal envolopo Power Output or R-F Power Output at crut of 

modulation envelope. 

TYPICAL OPERATION, Class•AB1 Audio Amplifier, two tubo, unltu 
otherwiH ,peclfied: 

0 -C PIiie Voltage 
0-C Screen Voltago • 
0 -C Grid Voltage • • • 
D-C Zoro-Signol Plate Current • 
D-C Max.-Signal Plott Currtnt • 
0 -C 1oro-Signal Screen Currtnl 
o.c Ma1.-Slgnal ScrHn Current 
load Re,i,tanco, P,to-P 
Puk A,F Driving Volt•g• 
Oriv;ng Power • .. 
Mu .• Slgnal Plate Dinipation 
Ma•.-Signet Power Output 

4000 5000 6000 7000 volts 
12S0 1250 1250 1250 volh 
-270 •280 -J 10 .325 volts 
1,25 1.00 0.8J 0.70 amporu 
5.10 4 .40 4.25 3.6S amperes 

0 0 0 0 amp•r•• 
0.35 0.33 0.)0 0.24 omperu 
t 500 2370 2940 4100 ohms 
250 240 270 235 •oils 

0 0 0 0 w1tt1 
4200 4200 4200 ◄200 watt. 

tl,!,0013,50017.00017,500 wath 

APPLICATION 
MECHANICAL 

Mounting-The 4X5000A must be mounted with its 
axis vertical. The base of the tube may be down or up 
ar the convenience of the circuit designer. 
Socket--The Eimac Air-System Socket Type SK-300 is 
designed especially for the concentric base terminals of 
the 4X5000A. The use or recommended air-flow rates 
through this socket provides effective forced-air cooling 
of the tube. Air forced into the bottom of the socket 
passes over the tube terminals, after which a duct guides 
it into the anode cooling fins. 
Cooling-The maximum temperature rating for the ex• 
ternaJ surfaces of the 4XSOOOA is 200°C. Sufficient forced 
air circulation must be provided to keep the tempera• 
ture of the anode at the base of the cooli.ng fins and the 
temperature of the ceramic stem surfaces below 200°C. 

When the tube is mounted in t he Eimac SK-300 
Socket, plate dissipation power of 5,000 watts requires 
175 CFM air Bow, corresponding to a pressure differ
ential across tube and socket of 1.5 inches water column. 
Cooling at the 6,000-watt dissipation power level re
quires 2IO CFM air flow, corresponding to a pressure 

differential or 2.25 inches water column across 1hc tube 
and socket. 

The flow rates and pressure differentials specified 
above apply to air at sea level pressure and at 20"C 
ambient temperature. 

If the 4XSOOOA is operated in a socket of a design 
different from that or the SK-300, the air-flow rates 
must be determined independently for each design, using 
the maximum rated temperature as the criterion £or 
satisfactory cooling. 

A convenient method of measuring temperatures is 
the use of a temperature-sensitive paint, applied spar
ingly to the tube surfaces. When heavy coats are ap
plied, the air-cooled surface o[ the paint may not reach 
the tube temperature because the paint conducts heat 
poorly and errors can occur. One type of temperature
sensitive paint can be obtained [rom the Tempil Cor
poration, 11 West 25th Street, New York, 10, N.Y. 

T he air inlet to the cooling system should be equipped 
with an effective air filter, which should be inspected 
periodically to assure adequate air flow into the system. 
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ELECTRICAL 
Filament Operation-Th<' rat<'d filament voltage for 
the 4X5000A is 7.5 volts. The actual operating voltage 
should be maintained within the range from 7.15 to 
7.85 volts, as measured at the base of the tube. 
Electrode Dissipation Ratings-The maximum dis
sipation ratings for the 4XSOOOA must be respected to 
avoid damage to the tube. An exception is the plate 
dissipation, which may be permitted to rise above the 
maximum rating during brief periods, such as may occur 
:luring tuning. 
Grid Dissipation-The grid dissipation can be deter
mined approximately by use or the expression: 

Pg, = e.: nop I, 
where: P~, = Grid dissipation, watts; 

ermp= Peak grid-filament positive voltage, volts; 
I,.=D-C grid current, amperes. 

The value of the peak positive grid voltage can be 
measured by means of a suitable peak-reading vacuum 
tube voltmeter. 
Screen Dissipation-The screen dissipation, in case.~ 
where there is no a-c applied to the screen, is the simple 
product of the screen voltage and the screen current. 

In case the screen voltage is modulated, the screen 
dissipation will depend strongly on the loading, driving 
power, and carrier screen voltage. 

Plate Dissipation--The plate dissipation rating for the 
4X5000A is 5000 watts for mo~t applications, but for 
audio and SSB amplifier applications, the maximum 
dissipation rating is 6000 watts. 

In class-AB and class-B amplifiers, the maximum 
plate dissipation does not coincide with maximum power 
output, but occurs at ~ome lower power level d<'lcrmincd 
jointly by the bias voltage and the driving voltage ap
plied to the tube. Accordingly, it is advi~ahlc to limit 
the plate dissipation under full power conditions to ap
proximately 70~ of the maximum rated plate dissipa
tion of the tubes used. 

Screen modulated operltion produces maximum plate 
dissipation under carrier conditiom. The dissipation 
diminishes as the modulation increases. 

When the 4XS0OOA is operated as a plate-modulated 
r-f power amplifier, the power input i~ limited by con
ditions not connected with the plate efficiency, which is 
quite high. Therefore, except during tuning there is 
little possibility that the 3500-watt maximum plate dis
sipation rating will be exceeded. 
Special Applications-If it is desired to operate this 
tube under conditions widely different from those given 
here, write to Eitel-McCullough, Inc., San Bruno, Cali
fornia, for information and recommendations. 

-------~-.875 ! .020 0 .0 

1.916 t .020 I.D. 

* CONTACT SURFACE 

ALL OIMENSONS IN INCHES 

i MIN. * 

, - J=--=-cx:~:TO.D 
- - 00 NOT CONTACT 

3 .153 ! .020 1.0 

3.812 t ·.020 o.o. 
4.000 i .020 0.0. 

4 .4 2!1 0 .0. MAX. 

5 7 

18 
THE T. 1. R. OF THE SCREEN GRID 
ANO FILAMENT CONTACT SURFACES 
SHALL NOT EXCEED .0 40 WITH 
RESPECT TO THE CONTROL GRID 

ANO ANODE COlfTACT SURFACE 
WHEN THE LATTER SURFACES 
ARE ROTATED ON ROLLERS AT 
THE PO I N TS I NDICATED 8Y THE 
ARROWS. 
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EITEL-McCULLOUGH, INC. 
SAN BR UNO·CALIFOR NtA 

The Eimac 4-65A is a small radiation-cooled transmitting tetrode having a 
maximum plate-dissipation rating of 65 watts. The plate operates ot o red color at 
maximum d issipation . Short, heavy leads and low interelectrode copocitonces con
tribute to stable efficient operation at high frequencies. 

Although it is capable of withstanding hig h p late voltages, the internal 
geometry of the 4-65A is suc h that it will de live r relatively high power ouput at a 
low plate voltage. 

The quick-heating filament allows conservation of power during standby periods 
1n mobile applications. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriated tungsten 

Voltage 
Current 

Grid-Screen Amplification Factor (Average) 
Direct lnterelectrode Capacitances (Average) 

Grid- Plate 
Input 
Output 

Transconducta nce (lb = 125 mo., Eb = 500 v., Ec2 = 250 v.) 
Freque ncy for Maximum Ratings 

6 .0 volts 
3.5 amperes 

5 

0 .08 µ.µ. f 
8 .0 /lJJ,f 
2.1 Nd 

4000 µ mhos 
150 Mc. 

4-65A 
RADIAL-BEAM 

POWER TETRODE 

• 
MODULATOR 
OSCILLATOR 

AMPLIFIER 

MECHANICAL 
Bose 
Mounting -
Cooling 
Recommended Heat Dissipating Connector 
Maximum Over-all Dimensions 

I Notional HX-29 Socket 
5-pin-Fits ! Johnson 122-101 Socket 

Vertical, base down or up 
Convection and Radiation 

Eimac HR-6 

Le ngth 
Diameter 

Net Weight 
Shipping Weight 

► RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Closs-C Telegraphy or FM Telephony 

MAXIMUM RATINGS (Key-down conditions, per tube) 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
D-C GRID VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

- 3000 MAX. VOL TS 
400 MAX. VOL TS 

- -500 MAX. VOL TS 
150 MAX. MA 
65 MAX. WATTS 
10 MAX. WATTS 
5 MAX. WATTS 

► PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Closs-C Telephony (Corricr conditions union otherwise specified, 1 tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE • 
0-C GRID VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

- 2500 MAX. VOL TS 
400 MAX. VOL TS 

• -500 MAX. VOL TS 
120 MAX. MA 
45 MAX. WATTS 
10 MAX. WATTS 
S MAX. WATTS 

(Effective 5- 14-54) Copyright 1954 by Eitel-McCullough. Inc. 

TYPICAL OPERATION 

0 -C Plotc Voltoge 
0 -C Screen Voltage • 
D•C Grid Voltogc 
0 -C Plotc Current 
0-C Screen Current• 
0-C Grid Current' -
Peok R-F Grid Voltogo 
Orivi"g Powt,• -
Scrttcn Dissipation• 
Plate Pow,r Input 
Plot• Oiuipotion 
Plote Pow.r Output 
• Approximate values. 

TYPICAL OPERATION 

0 -C Plote Voltog• 
0 -C Screen Voltage • 
0-C Grid Voltoge 
0 -C Plote Current 
0-C Screen Current• 
0 -C Grid Current• 
Screen Oinipation• -
Peok A-f Screen Voltoge, 

100% Modulotion • 
Peok R-F Grid Voltage 
Driving Power• .. 
Plote Power Input 
Plate Oissipot ion 
Plote Power Output • 
• Approximote volues. 

- 600 1000 1500 . 250 250 250 . - 75 - 10 - 85 . 150 ISO 150 
40 40 40 
18 17 18 . 170 175 180 

3.1 3.0 3.2 
10 10 10 
90 150 225 
45 ss 60 
45 95 165 

- 600 1000 1500 . 250 250 250 

4.38 inches 
2 .38 inches 

3 ounces 
1.5 pounds 

2000 3000 •olt• 
2.50 250 volh 

-90 - 100 volts 
140 115 mo 
40 22 mo 
1l 10 mo 

190 170 volts 
2.1 1.7 wotts 
10 5.5 watts 

210 345 watts 
65 65 •DIii 

215 280 wolfs 

2000 2S00 •olts 
250 250 •olh 

--120 -125 - 125 - 130 - 135 volts . 120 120 120 120 110 mo 
40 40 40 40 25 mo 
IS 16 16 16 12 mo 
10 10 10 10 6.3 watts 

. 250 250 250 250 250 volt• 
215 220 220 22S 215 volt, . 3.2 3.S 3.5 3.6 2.6 wotts 

72 120 180 240 275 watts 
27 30 40 45 45 woth 
45 90 140 195 230 watts 

► Indicates change from sheet doted 1-30-53 
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4-65A 

Note: Typ,col ope10t1on dote ore bo,ed on cond11,ons of odju,t,ng the r -f g t,O tlnvc 10 o spec1f ,ed plole curtcnt, mointoining fixed c on d111or" 
of 9rod b lo, ond screen voltage. It w,11 be found tho! i t !his procedure os followed, there will be httlc voroofion 1n pcwer outpu t between 
tubes even though there may be , ome vc,root,on ,n grid ond screen currents Where Qfld b ias " obtained prin cipally by mea n \ o f o g rid 
rc-.s ror, to control plote current i t i, necessary to moke !he ,e.,,tor od1ustoblc 

► AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 

MAXIMUM RATINGS (PER TUBE) 

D-C PLATE VOLTAGE 

0 -C SCREEN VOLTAGE 

MAX-SIGNAL 0 -C PLATE CURRENT, PER TUBE 

PLATE OISSIPA TION, PER TUBE 

SCREEN DISSIPAT ION, PER TUBE 

TYPICAL OPERATION 

Closs-AB, (Sinusoidol wo••• two tubu unltu othtrwlst •P•C11ied) 

D-C Plot• Voltogt - 1000 1500 1750 volt> 

D-C Sc,Hn Voltogt - 500 soo soo ,oil! 

D-C Grid Voltagt1 - 100 - 110 - 115 •olti 
Ztro-S19nol D•C Plott Currc•t • 60 60 •o tnO 

Mo• -Stgnol D-C Plat, Current • 170 180 170 mo 
Mo,-S,gnol D-C Scr,en Curr,nt • 30 20 23 ma 

Moi -Signol O·C Grid Cuutnt • 0 0 0 

Ell«ti•t Plot•• to-Plott Lood 9000 15,000 l0,000 ohm, 

Pto~ A•F Grid Voltogt lP•• lubt) as 85 90 ,0111 

Mo••Signol Platt Power Jnpu! • 170 270 300 woth 

Mn-Signal Platt Pow<r Output 80 t ◄S I 7S .. 0,11 

• App,o .. mare voh,e 
Ad1u;t lo s to led 2c,o->1g nol 0 -C P late Curren, 

Tht e llt <t i•c 9rid circuit ruutance for each tub< must not ucetd H0.000 ohm,. 

► RADIO-FREQUENCY LINEAR POWER AMPLIFIER 
SINGLE SIDE BAND SUPPRESSED CARRIER 

Closs-8 !One tub<) 

MAXIMUM RATINGS 

0-C PLATE VOLT AG£ • 
o.c SCREEN VOLTAGE 
PLATE DISSIPATION 
SCREEN l>JSSIPA TION 
GRID DISSIPATION 

• Ad1u,t to , ra red Ze,a-S,gnol Plate Curren t 
• • Apo,~~1mntc values. 

3000 MAX. VOL TS 
600 MAX. VOLTS 

6S MAX. WATTS 
10 MAX. WATTS 

S MAX. WATTS 

•••Due •<> the 1ntermtftcnt no turc- o f voice, overage d lnipot1on &.S 
con.,dcroolv 1eu 1hon Mo x-Signal D1n,pot1on . lf the omphficr 
,s to be fC)tCd using o sme4 wove 3119nol s.ource, orronoements. 
n1u,1 be m O<lc to to wer the duty 

---------------

3000 MAX. VOL TS 

600 MAX. VOL TS 

1S0 MAX. MA 

6S MAX. WATTS 

10 MAX. WATTS 

TYPICAL OPlltATION 

Clou -A81 (S1nu,01dal wave, two tub., unlu, oth,rw,se 1pcc,t1cdl 

D C Plate Voltao• . 600 1000 uoo 
D-C S<t<<• Volt•o• . 2SO HO 250 
0 -C Grod Volroot' • - ~O - 0 - s 
ZNo•S19nal 0 -C Platt Cu,rcnt 60 60 60 
MoK-Stgnal 0 -C Plott CurrtM 300 300 2SO 
Ma••S19nol D-C Scrttn Curren t' . 80 60 40 
llft .ctl•t Plote- to-Plolt Load . 3600 6100 14,000 
P,al A-F Grod Volroge (per tube) - 120 105 100 
Mo••S19nol Pcok Droving Powor· . 7. 60 )8 

Mot. .. S,gnol Nomu,ol Ori•11n9 Power• 3 7 )0 ' 9 
Mo••S19nal Plott Powtr Input . 180 ) 00 HS 
Mo••S19nol Plorc Po,.,, Outour . 90 170 2SO 

• App,o, •fT'Ot\! "ot\Jc~ 
• ' A<.11u,1 to , ra red Zcr11-S19n ol 0-C Plate <;ur,a11t 

TYPICAL OPERATION 

Clan-AB, (Yooce wa•• onlv, pc, rube) 

D-C Plott Voltage • 
0-C Screen Yoltogc 
D-C Gnd Voltage• -
Zcro-S19nol D-C Plalc, Current • 
Mo,-S,gnol 0 -C Plate Curr•nl • 
Mox•Su1nal o .. c Scr~cn Cvr,t~1•• 
Mo,-5,gnol Pl!ak 11- F Grld Voltage • 
Ma, -S,gnol 0 ,C Grid Current•• 
Mo•- ~ionol Dr1v1no Power•• • 
Ma• •S1gnol Plott Pow•• Input • 
Mos•Si9nol Plate Oi\\lporion • • • -
Avc-,oot Plott- Diu♦potion 

Maa -Signol u .. tul Po••• Output • 

IS00 
)00 

- SS 
lS 

lOO 
4S 

lSO 
IS 

2.) 
)00 
,os 
60 

ISO 

2000 
400 

-30 
25 

270 
6S 

190 
20 
la 
S4 0 
190 
6S 

)00 

1800 volh 
HO •oil, 

- SO 'tOlh 
so mo 

220 mo 
30 ma 

20,000 ohm, 
90 vol ts 

2.6 wotts 
I 3 "'0th 

] 95 wot h 
270 •ot U 

2500 •vlU 
500 volh 

- 105 volt, 
20 tnO 

130 ma 
45 mo 

l6S volu 
a mo 

I l wolf, 
S75 warh 
2lS walls 

65 wo11, 
32S watH 

IF IT IS DESIRED TO OPfRATE THIS TUBE UNDE R CONDITIONS WIDELY DIFF ERENT FROM THOSE GIVEN UND<R .. TYPICAL OPER A
TIONS," POSSIBLY EXCEED ING MAXIMUM RATINGS. WRITE EITEL-McCULLC'UGH, INC. FOR INFORMATION AND RECOM MENDAT IONS. 

/>age T wo ► lnd1co te s c hange f rom s heet doted 1-J0-53 
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APPLICATION 

M ECHANICAL 

Mount ing-The 4-6SA must be mounted vertically, base 
up or base down. The socket must provide clearance for 
the glass t ip-off which extends from the center of the 
base. A flexible connecting strap should be provided 
between the plate terminal and the external plate cir
cuit, and the Eimac HR-6 cooler (or equivalent) used on 
the tube plate lead. The socket must not apply lateral 
pressure against the base pins. The tube must be pro
tected from severe vibration and i:hock. 

Adequate ventilation must be provided so that the 
seals and envelope under operating conditions do not 
exceed 225 ·c. For operation above 50 Mc., the plate 
voltage should be reduced, or special attention should 
be given to seal cooling. 

In intermittent-service applications where the "on" 
time does not exceed a total of five minutes in any ten 
minute period, plate seal temperatures as high as 2S0"C 
are pcrmis!>ible. When the ambient temperature does not 
exceed JO C it will not ordinarily be necessary to provide 
forced cooling of the bulb and plate seal to hold the 
temperatur-e below this maximum at frequencies below 
50 Mc, provided that a heat-radiating plate connector is 
used, and the! tube is so located that normal circulation 

of air past the envelope is not impeded. 

ELECTRICAL 

Filament Voltoge-The filament vohage, as measured 
directly at the filament pins, should be between 5.7 volts 

and 6.3 volts. 

Bios Voltoge-0-C bias voltage for the ~-6SA should not 
exceed -500 volts. If grid-leak bias is used, suitable pro
tective means must be provided to prevent excessive plate 
or screen dissipation in the event of loss of excitation. 

Grid Dissipotion- Grid dissipation for the 4-65A should 
not be allowed to exceed five watts. Grid dissipation may 
be calculated from the £oltowing expression ; 

Pg ~ c.n,plc 

when~ Pq G rid d issipotio n1 

~cmp e Peak postti"'e grid volta ge-, a nd 

1, 0-c grid cvrrenl. 

ecmp may be measured by means of a suitable peak 
voltm1:tcr connected between filament and grid.• 

Screen Voltage-The 0-C screen voltage for the 4-6SA 

should not exceed 400 volts except in the case of class
AB audio operation and Single Side Ba.nd R-F amplifier 
operation where it should not exceed 600 volts. 

Screen Diuipotion-The power dissipated by the screen of 
the 4-65A must not exceed 10 watts. Screen dissipation 
is likely to rise to excessive values when the plate volt-

age. bias voltage or plate load is removed with filament 
and screen voltages applied. Suitable protective means 
must be provided to limit screen dissipation to 10 watts 

in the event of circuit failure. 

Pla te Voltage- The plate-supply voltage for the 4-6SA 
should not exceed 3,000 voits. Above 50 Mc. it is advis

able to use a lower plate voltage than the maximum, 
since the seal heating due to R-F charging currents in the 
screen leads increases with plate voltage and frequency. 
Sec instructions on seal cooling under " Mechanical" and 

"Shielding." 

Plote Dissipotion-Under normal operating conditions, 

the plate dissipation of the 4-6SA should not be allowed 
to exceed 6S watts in unmodulated applications. 

In high- level-modulated amplifier applications, the 
maximum allowable carrier-condition plate dissipation 

is 4S watts , 

Plate dissipation in excess of maximum rating is per
missible £or short periods of time, such as during tuning 

procedures. 

OPERATION 

Closs-C FM or Telegra phy-The 4-65A may be operated 
as a class-C FM or telegraph amplifier without neutrali 
zation up to 110 Mc. if reasonable precautions are taken 
to prevent coupling between input and out put circuits 
external to the tube. In single ended circuits. plate, grid, 
filament .tnd screen by-pass capacitors should be re
turned through the shortest possible leads to a common 
chassis point. In push-pull applications the filament and 
screen terminals of each tube should be by-passed to a 
common chassis poin t by the shortest possible leads, and 
short, heavy leads should be used to interconnect the 
screens and filaments of the two tubes. Care should be 
taken to prevent leakage of radio-frequency energy to 
leads entering the amplifier, in order to minimize grid
plate coupling between t hese lotls external to the 

amplifier. 

Where shielding is adequate, the feedback at fre
quencies above 110 Mc. is due principally to scrcen-lead
inductance effects, and it becomes necessary to introduce 
in-phase voltage from the plate circuit into the grid cir
cuit. This can be done by adding capacitance between 
plate and grid external to the tube. Ordinarily, a small 
metal tab approximately ¾" square and located adjacent 
to the envelope opposite the · ·late will suffice for neutral
ization. Means should be provided for adjusting the 

" • for su,tobl~ peak. VT V_M. circuit, .1cc, fo, 1"\tonc.c . Vacuum lube 
Rot,nos," Eimoc H ew1, January 1945. Thos ar1,clc I$ avotlcblc m 
11!p11nr form on rcquc,t. 

Pagl' Three 
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spacing between the neutralizing capacitor plate and the 

envelope. An alternate neutralization scheme for use 

above I 10 Mc is illustrated in the diagram on page 4. 

In this circuit, feedback is eliminated by series-tuning 

the screc.-n to ground with a small capacitor. T he socket 

screen terminals should be strapped together as shown 

on the diagram, by the shortest possible lead, and the 

lead from the mid point of this screen strap to the capaci

tor, C, and from the capacitor to ground should be made 

as short as possible. 

Driving power and power output under maximum out

put and plate voltage conditions are shown below. The 

power output shown is the actual plate power delivered 

by the tube ; the power delivered to the load w ill depend 

upon the efficiency of the plate tank and output coupling 

system. The driving power is likewise the driving power 

required by the tube (includes bias loss). T he driver out

put power should exceed the driving power requirements 

by a sufficient margin to allow for coupling-circuit losses. 

The use of silver-plated linear tank-circuit elements is 

recommended for all frequencies above 75 Mc. 

"' '" ~ 

300 r llUC ♦-SSA TYl'ICAL P(llf'OIUlll,NCE 
CLASS-C TELEGRAPHY 

l'LAT( VOLTAGE-15 00VOLTS ~ 

., .. 
~ 200 

V 
~ 

10 . .. 
::, ... .. 
::, 
0 
_, 100 

"' " f 
0 

PO 

DIii 
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60 

~ --;; -<. 
,F Ii i----

100 200 

FREQUENCY. lol(GACYCLES 
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250 300 
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,r .., 
f 
c; 
z 
> 
i: 
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Class-C AM Telephony-The R-F• circuit considerations 

discussed above under Class-C F M or Telegraphy also 

.ipply to .implitude-modulated operation of the 4-6SA. 

When the 4-6SA is used as a class-C high-level-modulated 

..... 
• C 

S<reen•ll'ning nevtrolirolion circvi1 for u,e obove I 00 Mc 

C " o smoll spllHtolor copoc,tor. 

6~0.000 
ct.Midi • oppr<,, 

f' (Mc.) 

Pao,' I ow 

4-65A -------------

amplifier, both the plate and screen should be modulated. 

Modulation voltage for the screen is easily obtained by 

supplying the screen voltage via a series dropping resistor 

from the unmodulated plate supply, or by the use of an 

audio-frequency reactor io the positive screen-supply 

lead, or from a separate winding on the modulation trans

former. W hen screen modulation is obtained by either 

the series-resistor or the audio-reactor methods, the 

audio-frequency variations in screen current which result 

from the variations in plate voltage as the plate is 

modulated automatically give the required screen modu

lation. Where a reactor is used, it 'lhould have a rated 

inductance of not less than 10 henries divided by the 

number of tubes in the modulated amplifier and a maxi

mum current rating of two to three times the operating 

D-C screen current. To prevent phase-shift between the 

screen and plate modulation voltages at high audio fre

quencies, the screen by-pass capacitor should be no 

larger than necessary for adequate R-F by-passing. 

For high-lC\•el modulated service, the use of partial 

grid-leak bias i~ recommended. Any by-pass capacitors 

placed across the grid-leak resistance should have a 

reactancc at the highest modulation frequency equal to 

at least twice the grid-leak resistance. 

Class-AB, and Class-AB, Audie>--Two 4-65As may be used 

in a push-pull circuit to give relatively high audio output 

power at low distortion. Maximum ratings and typical 

operating conditions for class-AB, and class-AB, audio 

operation are given in the tabulated data. 

Screen voltage should be obtained from a source hav

ing reasonably good regulation, to prevent ·variations in 

screen voltage from zero-signal to maximum-signal condi

tions. The use of voltage regulator tubes in a standard 

circuit should provide adequate regulation. 

Grid bias voltage for class-AB, service may be obtained 

from batteries or from a small fixed-bias supply. W hen a 

bias supply is used, the D -C resistance of the bias source 

should not exceed 250 ohms. Under class-AB , conditions 

the effective grid-circuit resistance should not exceed 

250,000 ohms. 

The peak driving power figures given in the class-AB, 

tabulated data are included to make possible an accurate 

determination of the required driver output power. The 

driver amplifier must be capable of supplying the peak 

driving power without distortion. The driver s tage should, 

therefore, be capable of providing an undistorted average 

output equal to half the peak driving power requirement. 

A small amount or additional driver output should be 

provided to allow for losses in the coupling transformer. 

In some cases the maximum-signal plate dissipation 

shown under "Typical Operation" is less than the maxi

mum rated plate dissipation of 4-6SA. In these cases, 

with sine wave modulation, the plate dissipation reaches 

a maximum value, equal to the maximum ratmg, at a 

I 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

~ 
-------------- ~ 4-6SA 

point somewhat below maximum-signal conditions, 

The power output figures given in the tabulated data 
Tefer to the total power output from the amplifier tubes. 
The useful power output will be from 5 to 15 per cent 
less than the figures shown, due to losses in the output 
transformer. 

Because of the intermittent nature of the voice, and 
the low average power, it is possible in cases where size 
and weight are important to operate a class-AB stage 
at higher peak power values thau those indicated for 
sine wave. 

In order to obtain peak power above that shown for 
sine wave (peak is twice average for sine wave), th<! 
plate-to-plate load impedance must be made proportion
ately lower than the value shown for a parti: ular plate 
volta1ee. Also, more peak driving power will be required. 
At no time should the average plate or grid dissipation 
exceed the maximum values shown. 

KEYING THE T ETRODE AMPLIFIER 

T ctrode Keying Circuit 

The flow of plate current in an R-F tetrode amplifier 
depends not only on the control grid bias and excitation, 
but also on the voltage applied to the screen grid. 

One easy method of keying is to remove the excitation 
and screen grid voltage simultaneously, while leaving the 
plate voltage still applied to the amplifier stage. This 
method also has an advantage in that the final tube can 
be made to draw a safe amount of current key-up posi
tion, maintaining a steadier drain on the power supply 
while keying. This tends to minimjze "blinking lights" 
on weak AC supply lines when using moderate power. 
By properly choosing the values of L, C, and R, in the 
circuit. perfectly clean-cut highest speed hand keying 
can easily be obtained that is entirely devoid of clicks. 

The keying circuit is shown in the diagram and V, is 
the driver tube, which may be any one of the small 
tetl od~s such as an 807, 2E26, 6146, 6L6 or 6AG7, used 
either as a frequency multiplier or a straight-through 
amplifier. This tube should furnish about five watts of 

output power which allows ample driving power for 
one 4-65A. including circuit losses. Capacitance coupling 
is shown in the diagram, but this, of course, could just 
as well be link coupling. 

Steady driving power is fed to the grid of V, from 
the exciter. The keying circuit controls the plate and 
screen voltages on V ,, as well as the screen voltage on 
the 4-6SA, all obtained from a common power supply B i, 
This supply should furnish sufficient voltage to the plate 
of V I to obtain the necessary driving power. Normally 
this voltage will be about the correct voltage for the 
screen of the 4-65A and resistor R 4 may be omitted. 

When the key is up there is no excitation to the 4-65A, 
and consequently no grid leak bias. At the same time, the 
screen voltage has also been removed so that very little 
current is drawn by the plate. With plate voltages up to 
2000 volts, tht: amount of current drawn is not sufficient 
to heat the plate beyond its rated plate dissipation and a 
fixed bias is not required. However, with plate voltages 
over 2000 volts, a small fixed bias supply is needed to 
keep the plate dissipation within the rated limit. An 
ordinary 22½ volt C battery in the control grid circuit 
will furnish sufficient bias to completely cut the plate 
current off at 3000 volts, while some lower value of bias 
can be used to permit a safe amount of current to Aow 
in key-up position, presenting a more constant load to 
the power supply. 

A tapped resistor R 2 serves to supply screen voltage to 
V I and by adjusting this tap, the excitation to the 4-65A 
may be easily controlled. This method of controlling the 
output of a tetrode is not recommended in the larger tet
rodes, however, as it is wasteful of power and the lowered 
power output obtained is due to a loss in efficiency. R, 
also serves as a means of keeping the screen of the 4-65A 
at ground potential •mder key-up conditions, stabilizing 
the circuit. R, is !I •. normal power supply bleeder. 

The keying relay must be insulated to withstand the 
driver plate voltage. Key clicks may be completely elim
inated by the proper selection of L,. R, and C, in series 
with and across the relay. In many applications values of 
500 ohms for R, and 0.25 µ fd for C 1 have been found 
entirely satisfactory. Choke L, is best selected by trial 
and usually is on the order of S henries. A satisfactory 
choke for this purpose can be made by using any small 
power-supply choke, capable 0£ handling tbe combined 
current of the final screen grid and the driver stage, 
and adjusting the air gap to give the proper inductance. 
This may be checked by listening £or clean keying on the 
"make" side of the signal or by observation in a 'scope. 

R-F by-pass condensers C, and C, will have some 
effect on the required value of L, as well as C,. These 
by-pass condensers should be kept at as small a value of 
capacity as is needed. In most cases .002 /.A.fd is sufficient. 

Page Five 
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SHIELDING 
The internal feedback of the tetrode has been s ubstan

tially climinated, and in order to fully utilize this advan

tage, it is essential that the design of the equipment 

completely eliminates any feedback external to the tube. 

This means complete shielding of the output circujt from 

the input circuit and earlier stages. proper reduction to 

low values of the inductance of the screen lead to the 

R-F ground, and elimination of R-F feedback in any 

common power supply leads. 

Complete shjelding is easily achieved by mounting the 

socket of the tube flush with the deck of the chassis as 

shown in the sketch on page 7. 

The holes in the socket permit the Aow of convection 

air currents from below the chassis up past the seals in 

the base of the tube. This Aow of air 1s essential to cool 

the tube and in cases where the complete under part of 

the chassis is enclosed for dectrical shielding, screened 

holes or louvers should be provided to permit air circu

lation. Note that shielding is completed by aligning the 

internal screen shield with the chassis deck and by pro

per R -F by-passing of the screen leads to R -F ground. 

The plate and output circuits should be kept above deck 

and the input circuit and circuits of earlier stages s hould 

be kept below deck or completely shielded. 

DIFFERENT SCREEN VOLTAGES 
The published characteristic curves of tetrodes arc 

shown for the commonly used screen voltages. Occasion

ally it is desirable to operate the tetrode at some screen 

voltage other than that shown on the charac teristic 

curves. It is a r-elatively simple matter to convert the 

pubHshed curves to corresponding curves at a different 

screen voltage by the method to be descnbed, 

This conversion method is based on the fact that if 

all inter-clectode voltages are either raised or lowered 

by the same relative amount, the shape of the voltage 

field pattern is not altered, nor will the current distribu

tion be altered; the current lines w,11 simply take on new 

proportionate values in accordance with the three-halves 

power law. This method fails only where· insufficient 

cathode emission or high secondary emission affect the 

c urrent values. 

For instance, if the characteristic curves are shown al 

a screen voltage of 250 volts and it is desired to deter

mine conditions at 500 screen volts, all voltage scales 

s hould be multiplied by the same factor that is applied 

to the screen voltage (in this case-2). The 1000 volt 

plate voltage point now becomes 2000 volts, the 50 volt 

grid voltage point, 100 volts. etc. 

The cur rent lines then all assume new values in ac

cordance with the 3/2 power law. Since the voltage was 

increased by a factor of 2, the current lines will all be 

increased in value by a factor of ZJ/ 3 or 2.8. Then all the 

current values should be multiplied by the factor 2.8. 

The 100 ma. line becomes a 280 ma. line. etc. 

Likew ise, If t he screen voltage given on the charac

teristic curve is higher than the conditions desired, the 

voltages should all be reduced by the same factor that 

is used to obtain the desired screen voltage. Corre;pond-

Page Six 
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ingly, the current values will all be reduced by an amount 

equal to the 3/ 2 power of thls factor. 

For convemence the 3/ 2 power of commonly used 

factors is given below : 

Voltage Factor ,25 .5 .75 1.0 1.2S 1.50 1.7S 

Cor responding 
Current Factor .12S .35 .65 LO 1.4 1.84 2.3 

Voltage foctar 2.0 2.25 2,5 2.75 3.0 

Corresponding 
Current Factor 2.8 J .4 4.0 4.6 S.2 

SINGLE SIDE BAND 
SUPPRESSED CARRIER OPERATION 
The 4-65A may be operated as a class B linear a.;,pli. 

fier in SSSC operation and peak power outputs of over 

300 watts per tube may be readily obtained. This is 

made possible by the intermit1ent nature ol the voice. 

If steady audio sine wave modulation is used, the single 

side band will be continuous and the stage will operate 

as a C-W class-B amplifier. With voice modulation the 

average power will run on the order of I 5th of this con

tinuous power. 

The same precautions regarding shielding, coupling 

between input and output circuits, and proper R-F by

passing must be observed. as described under Class-C 

Telegraphy Operation. 

Due to the widely varying nature of the load imposed 

on the power supphes by SSSC operation, ,t is essen

tial that particular attention be given to obtaining good 

regulation in these supplies, The bias supply especially, 

should have excellent regulation. and the addition of a 

heavy bleeder to keep the supply well loaded will be 

found help ful. 

Under conditions of zero speech signal. the operating 

bias is adjusted so as to give a plate dissipation of 50 

watts at the desired plate and screen voltages. Due to 

the intermittent natur-e of voice, the average plate dis

sipation will rise only slightJy under full speech modula

tion to approximately 65 watts. At the same time, how

ever, the peak speech power output of over 300 watts 

1s obtained. 
SSSC TUNING PROCEDURE 

Tuning the SSSC transmitter is best accomplished 

with the aid of an audio frequency oscillator and a ca

thode-ray oscilloscope. The audio oscillator should be 

capable of delivering a sine wave output of a frequcncy 

of around 800 to 1000 cycles so that the frequency will 

be somewhere near the middle of the pass-band of the 

audio system. Since successful operation of the c.lass-B 

stage depends on good linearity and the capabihty of 

delivering full power a t highest audio levels, the final 

tuning should be made under conditions simufating peak 

modulation conditions. I£ a continuous sine wave from 

the audio oscillator is used for tuning purposes, the 

average power at full modulation would be about five 

times that of speech under similar conditions of single 

side band operation and the final amplifier would be 

subjected to a heavy overload. One method of lowering 

the duty cycle of the audio oscillator to closer approxj. 
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mate speech conditions would be to modulate the oscilla
tor with a low frequency. 

An alternate method would be to use the continuous 
audio sine wave, making all adjustments at half voltages 
and half currents on the screen and plate, thua reducing 
the power to one quarter. The stand-by plate dissipation 
under these conditions should be set at about 10 watts. 
Following these adjustments, minor adjustments at full 
voltages and SO watts of stand-by plate dissipation could 
then be tuade, but only aJJowing the full power to remain 
on for ten or fifteen second intervals. 

The first step is to loosely couple the oscilloscope to 
the output of the exciter unit. The final amplifier with 
its filament and bias voltages turned on should also be 
coupled to the exciter at this time. W ith the audio oscil
lator running, adjust the exciter unit so that it delivers 
double side band signals. Using a linear sweep on the 
oscilloscope, the double side band pattern will appear on 
the screen the same as that obtained from a 100% sine 
wave modulated AM signal. Ne,ct vary the audio gain 
control so that the exciter can be checked for linearity. 
When the peaks of the envelope start to Aatten out the 
upper limit or the exciter output has been reached and 
the maximum gain setting should be noted. The coupling 
to the final stage should be varied during this process 
and a point or optimum coupling determined by watch
ing the oscilloscope pattern and the grid meter in the 
final stage. 

Next, adjust the exciter for single side band operation 
and If it is working properly, the pattern on the osc1l
loscope will resemble an unmodulated AM carrier. The 
phasing controls should be adjusted so as to make the 
envelope as smooth on the top and bottom as possible. 
If the above conditions are satisfied, the exc.iter unit can 
be assumed to be operating satisfactorily, 

) 

4-65A 

Next, loosely couple the oscilloscope link to the output 
of the final amplifier and again adjust the exciter Wlit 
to give double side band output. 

If the reduced duty cycle method is used, the following 
tuning procedure may be followed: 

1. Cut the audio output to zero. 
2. Apply 120 volts of bias to the 4-6SA control grid. 
3, Apply the operating plate voltage followed by the 

operating screen voltage. 

4. Reduce bias voltage to obtain 50 watts of stand-by 
plate dissipation, 

S. Increase audio gain, checking the oscilloscope pat. 
tern for linearity as in the case of the exciter, and adjust 
for optimum antenna coupling. 

6. Re-adjust cxc.iter unit for single side band operation. 
7. Disconnect test signal and connect microphone. 

8, Adjust the audio gain so that the voice peaks give 
the same deflection on the oscilloscope screen as was 
obtained from the test signal peaks. 

If the alternate method is used with a 100% duty cycle 
from the audio oscillator, then step 3 should be to apply 
haH voltages and the stand-by plate dissipation should 
be set at IO watts. 

After the audio oscillator is disconnec te<i and step 8 
completed at half voltages, the full voltages can then be 
applied and the stand-by plate dissipation adjusted for 
SO watts. 

It is essential that the microphone cable be well 
shielded and grounded to avoid R-F feedback that might 
not occur when the lower impedance audio oscillator is 
used as an audio source. 

Typical operational data are given for SSSC in the 
first part or this data sheet. 

HR- 6 HEAT DISSIPATING 
CONNECTOR 

\ 

\1(( 111( 
tl l t 
u w ['"'"" I I 

c~-----~J 
DECK 

AIR AIR 

SOCKE.T 

Page SetJen 
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Typical radio-frequency power amplifier circuit, Clau-C 
telegraphy, 345 watts input. 

t •W• o.-.., •• 
•• ••th 

Typical high-le•el-modulated R-F amplifier, 240 watts plate 
inpui. Moduld tor require, tero driving power. 

Page Eigh< 

4-65.A 

COMPONENTS FOR TYPICAL CIRCUITS 

lp 1-Cp 1- Tonk circuit appropriate for operating frequency: 
0 = 12. Capacitor plate spacing = .200". 

lp2·Cp2- T "nk circuit appropriate for operating frequency; 
Q = 12. Capacitor plate spacing= .200", 

lpJ·CpJ- Tank circuit appropriate for operating frequency; 
0 = 12, Capacitor plate spacing = .375". 

Lg 1 •Cg 1- Tuned circuit appropriate for operating frequency. 
Lg2·Cg2- Tuned circuit appropriate for operating frequency. 
C1- .002 -µfd. SOOV Mica 
C2- .002 •µfd. SOOOV Mica 
CJ- .00 1 -µfd. 2500V Mica 
C,-.1 -µfd. IOOOV paper 
Cs- .I -µfd. 600 V paper 
C6- I 6 -µId 450V Electrolytic 
C1- IO -µId. I OOV Electrolytic 
lh - 53,000 ohms 200 watt-60,000 ohm adju.♦oble 
R2-250,000 ohms I waH 
lb- 5,000 ohms 5 watt 
R•- 25,000 ohms 2 watts 
Rs- 26,500 ohm1 200 watts-30,000 ohm adjustable 
R6 - 2,500 ohm, 5 woHs 
117- 750 ohm, 5 watts 
RfC1- 2.5 mhy. 125 mo. R-F choke 
RfC2- I mhy. 500 ma. R-F choke 
Tt- 150 watt modulation transformer; ratio primary to second

ary impedance oppro•. I: 1.1 Pri. impedance 15,000 ohms, 
sec. impedance 16,700 ohms. 

T2- 5 watt driver tran,former impedance ratio primary to I / 2 
secondary 1.5: I. 

T3- 300 watt modulation lr,insformer; impedance ratio pri. to 
sec. eppro~. 2.4:1 : Pri. impedance=20,000 ohm,, sec. im
peda nce = 8,333 ohms. 

.. ' I 
I I 

~- ---- ------~ 

fl'tl, , . * • )<w tlllON 
0111 ... 1• , . ... , ,, .., 

Typical high-le•el-modulated R-F a mplifier circuit, with 
modulator and driver stage1, 480 watts plate input. 
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21 
64 MIN. 

..!.. ± J_ 
2 16 

4 PINS 

.I.±...!... 
16 16 

.058 :i: .003 DIA .------...... 

ALL DIMENSIONS 
IN INCHES 

t 
5 

16 MIN 

52°:t:5' 

I 

4-65.A -------------

~ +005 I 360 _:010 

I 2 S DIA . MAX. 

I 

.000 MIN 

.,__ ___ __. 1.000 DIA. P. D . 

. 125 :t .003 DIA 

~52' 
± 5' 

BOTTOM VIEW 
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• Novem ber 2, 1961 

SE R VICE 1'/iE MCRANDUi:vi NC 8 11261 

_._'),(,.G 
C""' 7) \IO I 

'> l V <.1 
\,j 'Y 

'\ \ "\,,,' 

Subject: Test Mete r 
Type 315 B /316B Transm itter 

In Service M emorandum No. 102361 there are a few errors in listing the 
parts required for the test meter modification. .A corrected parts list 
appears below: 

Symbol 

/2203 

v L 

315B/316B Transmitter M odifications 

P revious Type 

Marion Serie s 55, 2.00 ua, 
0-120 % scale 

z. 7 ohm, 2 w, !:_ 10% 

New TyPe 

Simpson Model 29 
200 ua, 1000 ohms/v. 
0-20 MA scale 
1 ohm, ~%, IRC 
Type WW4 

V' v';:).'4 ~' °' ...- R219 ·•· •~'- ..-e? l5ohm 2w 1 1001
0 .... ., , . , ~ -,, 10 ohm, Z w, !:_So/o --

i,_...., \) ,P.J. J..-"' 
R220 !f _.,,. • ., Same as RZl0 ~ , A.,-- - ---
R 250 v ?-• 0 '- Same as R21 9 . 
RZ59 

Test Meter Switch 

Nameplate 

Same as R210 

19031-2 

-

Note: Remove R241, and connect 
directly to M 203. 

Same as R210 

Same as R219 

Same as R2.10 

19031-83 

Orders for these modification parts which have been received prior to 
today's date will be corrected to incl ude parts per the r evised list. 
P ricing remains the same. 

Distribution: Serial # 1 through 49 

RPB/ebl 

R . P . Buckner 
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.. l:..l.e.c..t..lurH-Lc.A-

Cctober 23, 1961 

SERVICE 1v_E t.1i O~ A l'n:' U iv'l NC. 102361 

Subject: Test MeteT 
Type 315B/316B Transm itter 

It has seem ed desirable to change the test meter circuitry in the Type 
315B/316B transmitter, to enable meter reading s to be made directly 

TEXAS 

in milliamperes. P revious reading s permitted approximate indications 
only and were in " P ercent". 

Transmitter Serial Numbers 50 and above include this change as a fac
tory modification. Those transmitters with lower Serial Numbers, 
which are now in the field , 1nay be modified to utilize the new arrange 
ment, if desired. The following list gives the required com ponent 
changes. No wiring revisions are required. 

Symbol 

M203 

'-R.210 

R219 
fl_, 'l.~ 0 

R250 

R259 

Test Meter Switch 
N ameplate 

30XT Oscillator M odifications 

P revious Type 

47 ohm, 1 w, f:.. 10% 
2 ohm, 1 w, I R C P T-4 

New Ty~e 
Kc JJ&F Jok 
39 ohm, l w. ~ 10% 
10 ohm, 1 w, 7 5% 
,ft' ;f~CF /ODJ -

315B/316B Transn1itter Modifications 

P revious Type 

Marion Series 55 
200 ua,0 -1 20 % scale 

z.~7 ohm, 2w, f:.. l 0% 

15 ohm, 2 Wh /- lOo/o 

~W'l.e ~Ril9 
Same as R210 

19031-2 

Ne,..w Type 

Simpson Model 29 
200 ua, 1000 ohms /v. 
0 - 20 MA scale 
1 ohm, ~1% , 1 KC 
Type WW4 , 

l~~.~ 
""Same as R219 
Same as R2 10 

ij 
19031 4 

{""'~ 
Note; Remove R Z41, and connect 

directl y to M203. 

The above listed parts r equired for the modification are available from 
Continental E lectronics at $33.30, F . o .B. C allas. 

R . P . Buckner 

Distribution: Serial #1 through 49 

RPB/ebl 
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• 

DALLAS l:..Le..c.iJurH. Lc.L 

November Z, 196 1 

SERVIC E ~£E i..1CRANDU~11 NC . 11 261 

Subject: Test M eter 
Type 315B/3 16B Transmitter 

In Service M emorandum No. 102361 there are a few errors in listing the 
parts required for the test m eter modification. P, corrected parts list 
appears below: 

315B /316B Transmitter M odifications 

Symbol P revious Type 

M Z03 Marion Series 55, 200 ua, 
0-120 % scale 

R210 z. 7 ohm, 2 w, t 10% 

RZ1 9 15 ohm, Zw., t 10% 

RZZ0 Same as RZ l0 

RZS0 Same as RZl 9 

R259 Same as RZ l 0 

Test Met e r Switch 19031-2 

Nameplate 

Note: Remove R241, and connect 
directly to M Z03 . 

New Type 

Simpson Model 29 
200 ua, 1000 ohms/v. 
0-Z0 MA scale 
1 ohm, to/a, IRC 
Type WW4 

10 ohm, 2 w, f5% 

Same as R2 10 

Same as RZ 19 

Same as RZ l0 

19031 - 83 

Orders for these modification parts which have been received prior to 
today's date will be corrected to include parts per the revi sed list. 
P ricing remains the same. 

R . P . Buckner 

D istribution: Serial # 1 through 49 

RPB/ebl 

C 
O\J 6 ,%, 
i\C\Q~\tf; t)I\),.. 

TEXAS 
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CO N TINENTAL ELEC T RONIC S MANU F ACTUR I NG COMPAN Y 

March 21, 1960 

SERVICE MEMORANDUM NO. 32160 

Subject: Blower Holdover Relay Connections 
Commercial Transmitting Equipme nt 

In the Type 315B, 316B, 317B and 416B transmitters , it has been 
noted that imperfect blower holdover action sometimes obtains, due 
to contact bounc~ in the Cramer time delay relay, Kll2. It is sug
gested that a simple wiring change be made in existing transmitters 
to correct this problem. 

Attached are two copies of schematic No . 19001-E , revised to show 
this circuit as corrected . These drawings should replace the olde r 
editi ons now i n the transmitte r instruction manuals . 

Remove all AC line voltage from the transmi tte r and ma ke the f ollow
ing wiring change (refer to transmitter intra-unit wiring list): 

1 . De termine that wire #60 connects between KlOl-5 and 
Kl04-l , 

2. Determine that wi r e # 14 connects between Kl 04-l0 and 
Kll2-7. 

3 . Remove wire #60 at K104-l, spli ce on additional l e ngth , 
and reconnect at Kl04-l 0. Note that the new connection 
is made at Kl04-10 toge ther with wire #14, which was 
previously at that location. 

Note tha t s e veral othe r corrections have been made on schemati c 
19001-E, to conform t o existing wiring. (These changes repres ent 
drawing corrections, not unit modifications.) 

Also attached is a r evised copy of Intra-wiring list , I-1 , with 
error correction as shown . 

RPB/ tm 
Enclosure s 

Distribution: 
315B/ 316B, Serial Nos . l to 6 and 8 to 14 (sche ma tic rev . I ) 
315B/ 316B , Serial Nos . 7 and 15 tbru 23 (schemati c rev. F) 
315B/ 316B, Serial Nos . 24 and above (schematic r e v . G) 
317B , Serial Nos . 1 thru 4 (schematic r ev. I) 
416B , Serial No . l (schematic rev . A) 
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DALLAS 

April 16, 1962 

SERVICE MEMORANDUM NO. 04 1662 
{315B/316B Memo No. 15) 

Subject: Audio Squelch Relay 
Type 3lSB/316B/317B Transmitte rs 

For certain purposes, such as patte rn changing and Conelrad alerting, 
it is required to remove transmitter rf excitation for brief periods. 
During the se periods, under some conditions of continuing high modu
lation, tripping of the low voltage breaker, CBl0S may occur. 

To prevent this action, an additional relay designated "Audio Squelch" 
has been added in 315B/316B Transmitters, Serial Numbers 53 and 
above, and in 317B Transmitte rs, Serial Numbers 10, 12 and above. 
It is recommended that the audio squelch r elay, KZ 15, be added to all 
existing transmitters. 

For the required circuit action, a new contact is added to excitation 
release relay K201, and is used to operate K215. The attached sheet 
lists the modification procedure and additional parts required. These 
parts may be procured locally or from the Continental factory, if 
desired. 

Attached are two copies of drawing 19002-E, revision B, for 315B/ 
316B transmitters, (or drawing 25781-E, revision B, for 317B 
transmitte rs, Serial Numbe rs 10, 12 and above ) which show the change. 

RPB/ebl R. P. BUCKNER 

Attachments 

Distribution: 315B/316B, Serial Numbers 52 and below. 
317B, Serial Numbers 1 - 9, and 11. 
CBS, N. Y. 
ABC, N. Y • 

TEXAS 
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Service Memorandum No. 041662 (Continued) Page 2 

Modification Parts: 

Parts required to change K201 from Single to Double Pole action: 

Item 

~wo Slotted Nuts 
L-One Movable Contact 

.,-6ne Compression Spring 
v<Sne Cup Washer 
/ Two Flat Hex Nuts 
~ne Stationary Contact 

.......-Squelch Relay - K 215 
. Inter-connecting Terminal 

Board TB207 
v!nter-connectingTerminal 

Board TB208 

Procedure: 

Manufacture r 

Struthers -Dunn 
Struthers-Dunn 
Struthe rs-Dunn 
Struthe rs-Dunn 
Struthe rs-Dunn 
Struthe rs-Dunn 
Ohmite 

G en e ral Products 

G eneral Products 

P art Number 

131 
20753 
2887 
21946 
434 
16332 

Type DOSX-59T 

Type 5-441 

Type 2-441 

1. Mount K215 and TB207 on a 3" x 4" aluminum plate . This plate 
will be mounted inside the door frame of the amplifier cabinet, 
above the front e dge of the modulator shelf. Position TB207 at 
the bottom edge of the plate. 

2. Mount TB208 on the end lip of the RF shelf just to the right of the 
door frame. 

3 . B efore mounting the plate containing K215 and TB207 in the trans 
mitter, interconnecting wiring should be installed as follows: 

""'1<215-2 (one side of coil) to TB207-2 
""RZ 15 -1 ( other side of coil) to KZ 15-6 and to Chas sis 

Ground • 
...-f<:215-4 to TB207-3 

K215-5 to TB207-4 ,--
1'5:- '2-\. ~ ~ ·7 , o \ ~ 1-o-; ~ 

4 . Add parts to KZ0l to produce z-pole norma.lly-open action. 

S. In later production the numberin.g on K201 bas be en changed to 
conform to standard Relay numbering procedure. Terminals 
1 and 2 are coil terminals. Refer to Drawing #19002-E, revi
sion B, (or #25781-E, revision B), for new terminal numbering.., 
as described below. To connect K201 per revised circuit, re
move all connections at K201 and install as follows: 

Connect wire from S202-A to KZ0l-5 
' Connect wire from Junction of R206 and R207 to K201-6 
/connect wire from TB203 - 4 to K201 - l 
---Connect wire from TB203-5 to K201-2 
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Service Memorandum No. 041662 (Continued) Page 3 

Procedure ( Continued) 

6 . Other interconnections are made as follows: 

~ Connect KZ0l-3 to TB208-l 
I Connect TBZ08-l to TB207-l 
fConnect TB207-l to Magniphase TBl-3 (if used) 
·+connect TBZ07-Z to M agniphase TBl-4 (if used) 

Note: If Magniphase not used, install jumpe r connection TBZ07 -1 to - Z. 

't. Connect TB207 -3 to R299-+ 3 

..,. Connect TB207-4 to RZ99-¾ + 
~Connect TB207 -:5 to junction at R245 a nd C238. 

RPB /ebl 
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ISSUE: 

April 2.6, 1957 

Application: 

Primary: 

Secondary: 

Temperatur e Ris e: 

Con struction : 

• 

£.LLc.t..Jr...rH...Lc.L 
MANUFACTURING COMPANY 

4212 SOUTH BUCKNER BLVD DALLAS 10. TEXAS 

SPECIFICATION I No. 106a6 

FILAMENT TRANSFORMER 

710":._ ,-, 
.,,. .S% 2 . ) 

0 ? • 

- .r 7t, 4 •--< 
/ r~r, .> . -·· "5 

J 
\ . 

-< 
:/ C,; 
:ZJ() 

6 • ·-. ~ 
7 • -· 

Filament supply fo r a single Eimac 4XS000A 
t ube. 7. 5 volta at 75 amper e a. 

230 /208 vol ts 50 or 60 cycle with i So/. and 
t l Oo/• t a,t> • 
I nsulation: 2500 volts RMS test to core 

7. 7 volt• at 75 amperes 
Center-tap to handle 10 amps. 
In1ul ation: 7500 volts RMS teet to cor e 

and to pri mary. 

Not more than 40°c above a ss0 c ambient 
£or full load CCS s e r vice. 

Dry type fully enclosed with terminal.a on 
t op OR open Electros eal. 

11 F- 8 

I I 
>= - • I 9 

l _,o I 
I 
I 

l I 

1. 7 vc,, rs CT .r1 i 75 / 1,vJP; 

1-<c.Ct.\ VtlJ 
FEB 2 ·1 ,~,i-

KGts::i l:.l'tl:i. UtPT. 

OUTLINE PLEASE SUPPLY OUTLINE DRAWING SHOWING DIMENSIONS. MOUNTING. DETAILS. WEIGHT. ETC. 

GUARANTEE THE SUPPLIER SHALL GUARANTEE THE ITEM TO MEET THIS SPECIFICATION AND TO BE FREE 
FROM LATENT DEFECTS IN DESIGN AND CONSTRUCTION AND FROM FAULTY WORKMANSHIP 
AND MATERIALS. 

~HEET 1 
OF l 
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• 
to: 

f rom,: 

• 

Jack Jones 

WCAU llADIO 
0 ff ice Communicaiion 

October 27, 1965 

Charles Miller 

In reply to your request for information regarding 
difficulties with the Continental 316B transmitter 
since installation in 1960, failures have been en
tirely due to faulty parts. Itema which were replaced 
or modified are as follows: · · 

tem3 65A audio driver plate resistor~ failed 
due to insufficient power rating of re
sistor. 

Item 215 - R.F. chassis dropping resistor - failed 
for same reason. 

Item C-215 - PA grid capacitor - part of grid tuning 
network, end plate became unsoldered. 
Detuning exploded grid resistors Item 
R-232 on 1 tube. 

Item R-229 - PA plate parasitic resistor network ex
ploded, and blew out grid resistor R-232 
on 1 tube 

Item R232 - PA grid resistors .opened 2 additional 
times not associated with other problems. 
These were replaced with a network of 
four resistors in parallel increasing 
the power rating from 2 to 8 watts. 

All failures but one were discovered during test periods. 
The one case involving one of R-232 PA grid resistors did 
not cause dead air but resulted in 30% carrier shift and 

distortion until 50KW could be restored. 

Transmitter is tested twice each week - Monday maintenance 
calibration air teat, and Wednesday dunvny load teat • 
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CONTINENTAL ELECTRONICS MANUFACTURING COMPANY 

December 14, 1959 

SERVICE MEMORANDUM NO. I Z 1 4 5 9 

Subject: Wiring Lists Type 315B /316B Transmitter 

Several requests have b een received for detailed wiTing information on the 
Type 315B/316B Tra nsmitte r. Attached are two copies of our wiring lists, 
which will prove helpful in trouble-shooting . 

Please note tha t, although the rectifier unit lists a re for transmitter Serial 
Nos. 7, 15 and above, they will a lso s e rve as a us eful guide for the lower 
serial numbers. Except for the power cutback circuitry, wiring diffe rences 
are minor. 

RPB/tm 
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Date 

INTRA- UNl T WIRING LIST UNIT_-_! __ File II I --=------
Page ____ ___;;;;_ l 

o { 5 
Titl e Rectifier Unit - - Ser. 7, 15 , & Above :__~---------=--

Type 315B/3 16B Transmitte r 

Sch e matic # 19001-E EPL # 7428 Assembl y• FO-----
W ire # :,1 ~e F rom I I o RouC11 . 

--

1 14 CB2-2 I K4-3 • 
. . ' 2 14 CB2-4 1 K4-5 

~ ~ 

3 14 CB2-6 ' K4-7 
j 

I 
~ 

4 14 K4-4 I TB7-l 
5 14 K4-~ TBl-3 
6 14 

! 
K4-6 TB7-2 I -

1 
- ~ 7 14 K4-6 TBl-2 ~ 

8 14 K4-8 TB7-3 ,~ ~ 

9 14 K4- 8 TBl-1 ~---', 

10 16 CB2-2 5 5 .2-3 ! 
11 16 CB2-4 S5.2-2 

- - -

12 16 CB2-6 55 . 1-2 -.......... ~- ..... 

13 16 K4-9 Kl-6 ' ~ --~-
14 16 K4-•10 Kl2-7 ~ 

·-, ..._ -4,.---~ .. 

15 12 CB3-2 K5- 3 .:;;! .~ 
16 12 CB 3 -4 I K5 -5 - ~1 
17 12 CB3-4 CB4-5 ~ 

, 

18 16 CB4-2 K5-7 ~ -
19 16 C:'F\4-4 KS::.-9 :=.. 
20 12 CB4-6 KS-11 -
21 16 C:R4-8 TR3-4 , ,, 16 CB4-7 El-Gnd I-

2 3 12 K 5-4 TBl- 6 ~, ,· 
,._ 

24 16 KS-4 - DS4-l ' -· 

25 12 KS-6 TBI-7 -
2 6 16 KS-6 D54-L 
27 16 K5-8 TBl-8 
28 16 KS-10 TB3-2 

~ 

:2-. 
29 12 KS-12 -- TBl-9 7 
30 12 TBl- ~ TB 3- l ) 
3 1 14 C:R5-2 K.6-..l. ,-. J: 
n 14 l"''R s::. - 4 K6-~ _ .----, t'-. 

33 16 CBS-6 C4-2 
..,. 

_1_ .. 
34 16 t CBS-5 El-Gnd ~ 1 

-

35 14 K6-4 T2-2 
~ 

' __ ~ 

36 16 K6-4 D55-l . -~] 

37 14 K6-6 T2-l - I 
38 ' 16 K6-6 DSS-2 ' . -:.../ \, ., 

J2 16 K6-7 T!g_-4 
.. -

.... 
H, l<h.R ii 

._ 
"? __ -4.0 

I DS3-j_ _ - -
41 12 ,l t"'.'R 1 • 1 I T}!l-23 t• - ~-i;'°"'-' ._ 

I 11 < - 1, .- ::-• - -.__ 42 12 l CBl-3 TBl-ll_ ' -
_ _,,. -

6 
J r,.'.-'., . ---
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... , . f .l I ' I 

U N IT- 1 

T1tle : Rectifier Unit - - Ser. 7, 15, & Abov e _ _____,;~'------

T e 315B 31 6B Transmitte r 

Schemat1c II 19001-E EPL It 7428 

'--. r 
From 

~ 

Pile It I , .:....._ ___ _ 
Pagt! 2 - - ----
o { 5 

•Indicates wiring as 
wa s in S e r . 23 and 
below 

FO-

43 16 CBl-4 TB4-2 i;•'>,. T, J • • -r -
~-- 4-4---+---1- 6----.-+--K- 1 ___ 2 __ __,_,....·--+:·- K4- 2 ~ _ ~ r-..l ----:~_•. : ~- -5 

45 16 K4- 2 1 K S- 2 ~ ~.. _- ::"--1....... ~ '::::§d _ _, 

46 16 CBl-4 Kl2- 5 • _ _ -~•. 
47 -l-'--6--- ----t---C- B_4 __ -3----+-- Cl!!_-2 l,~ ": .. -"'--'---La~ --

l - - ·- .., 48 16 ! TB4-2 TB3-l h _ 1 ¢-fl> ~ 
49 16 TBl-20 I K2-2 ~- '---~j'.~~ _-_3 _;_;;_._ _ _ 1---~'---+-----=--:::;._ ___ ...,_ ~c..;;:._.=..;:._ -----1 '4 .... ~ ", ~ 

50 16 1 K 13-2 __ ......,__M~ 3-.L -----.:..:~-t---- ~~--~· ----·-=--' --
51 16 M3-2 : DS3-2 . -- ·-~ 

__ _.._li=-2- 16 l CBl-2 1 Kl- 8 
c; ~ 16 CB 1 - 2 1 TB 2 - 2 
c..t 16 : TB2-2 TB2-8 
55 16 TB2-8 53-2 
56 16 I Kl-1 S1-2 
5 7 16 1 Kl-1 -- K3-6 
58 16 K3-6 K2- l l 
59 16 K 2- ll S2-1 
60 16 Kl-5 K4-1 
flt 16 K.4-1 Kl2-6 -- ___.. ;:----

._, 

64 16 KS- l DS l - 1 ' I 

._ __ 6_5 _____ ~ 16~---~,,~~KS _- ~1 ____ ±'-- TBl_-~5 ___ -,~-+--'-·-=----~-'---~ -,----
66 16 TBl-4 S7 - 1 .: . , --=-_c·~ ~. --~~~ 

.___..::..6..:...1 _ ---1-6----r· K6-:;;....2--'C---- 1 0 s 2 _-2 ___ --;A---J,_·~-- ----=~-- -·_,_,--=--- ,;:-_,, _-_-= 
68 16 ___ t K6-2 (•Kb.:..!.} -~ Kl -_l_0 __ 1~ __ A+-· -~ - -----;--,----,- l:,--c--,,-----

6 9 16 K 1 - 9 ( •K 6 _: 2) S 8 - 2 , - r' , ~ = ~ iG 
70 16 K 1 3 - 7 TB l - l O '\, . )3 -- , f ---.--i-----'--'---.a..---
7 l 16 

1 
K6-l(•Kl- 9} ,_ El-Gnd ",,..,v-- f ~ _ 

___ 7.;..:2=- 16 _ _ K 2 - l D_S_3- l - c _) )~1:: -~ 
~ 

__ _,__7' 3.,___ .__ _ _J_~ t· 1<_2-_2_ • _ DS 3_- z_ ---- -+---·---="-- '"'~ -::~---
74 16 I _12S1- l M J_- =-1-~.__:~_ .:-+---',_;-,--"""'"'=-~-~'.:'" __ ~-~-=-'----
7~ 16 ,. TlU..=l..l _ ---+-__,,_K...,2=--_.9.____....,'.~--· -+-' - ~.;_:_""---' ___ "';---, 
76 } 6 _J .K.2•2_ _ ~~-_l_ ' _ I :~,? 

__ --'-1-'-1_ 16 .-- , _ Kz-10 11 TB1-22 ..._ . r ,~ 
i-----'-78::;.._ 16 TB 1- 11 TB 3- 3.,____-'---➔,_"-~ -'.f~....,~~,..._;...r _·~ --.._, 

79 - -- 16 . II~ _ TB 1-12 --_-- --M 2~-(I} -· ~ _ :L, 1 ~ ~-

1-----=8=0-816 -+- TBl-l_J _ TB4- <] G 
,_ _fil_ 6 • ,i i '.'fBl-li_ _____ .~ TBi-lQ __ h 

• · ' . ! - -·rr-
- _li_ 6 _ ;..:...J"'.!- TBl-1-5' _ TB4-ll + 

83 -+- 16 T Bl-19 TB4 -1 2 L -84 -c= 16 --- T BI-19 CR3- l 1 
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INTRA-UNIT V.lH.lNG LbT UNIT- 1 

Title · R ectifier Unit -- Ser. 7, 1S, & Above ~----'------------
T yP e 315:0 / 31£1B Tr<l.n::.mitter 

Date 

Fde II I 

Page 3 ------
o{ 5 

•Indic<' tes wiring as 
was in Ser . 23 and 
below. 

Schematic# 19001-E EPL # 7428 FO-
_,,,,s' -

......., 
Wire # Su.c From To ,,\ ~ Rou(1t ,,,., 

16 K6-l (•Kl-9) DS2-1 
l ' 

1~, ~-182 - - i -~ ::;: - ~ c, 
85 16 HV E3 R3-2 

,-... 
''1'-

-~ 1:, -

86 14 LV EZ LS-2 ~~ 
- ~ - .,;:; -----

16 TBl-16 K3-5 ~ '~ -

-
87 - ~ -- - -

ea 16 HV E4 R2-l 
. 

l""c::1 ,,:,- ~--~ 
- L 

89 16 Sl-1 T B2-l ~ _I., ~- -
90 16 TB2-3 TB4-3 _,. _.._,~ - -
Ql 16 TBZ-5 TB4-4 

. 
-"1-- ' - ~ 

g ;, 16 TB2-6 TB4-5 1, ~ ---- .-' C' 

93 16 TBZ-7 TB4-6 i I l-_ 'tl~ _.:i - ~-

94 16 T B2-7 S3-1 - ~ C:J 
I - ---

95 16 l TB2-9 TB4-7 ',., 
9 6 16 TB4-8 El - Gnd ~!\ -- ·-- ~ 

I ' - -
97 16 TBZ-10 El-Gnd I .. 

;,.'1 

98 16 l TBZ-11 M2-(-) - - ~1 .- ~ .f 

9g 16 R9-2 El-Gnd 
, 

) 
- = ' 

] .., 

100 16 TB2-12 Rl0-1 I r -
101 16 Rl0-3 t•Rl0- 2) M4-U) ' l ,.l. ,~ - t;-

' .. -- ,... 

102 12 M4-(-) 0 El-Gnd 
/ 

~ 
L' 

-...._ 

103 14 HV LS-1 - CR3- 2 ' :;)" 
.-,,J _, -

104 16 Ml-1 S5-A ";:. ·, 

1or:; 16 Ml-2 S5-B ~ :.. ' r .J --

10 f.. 16 S8-1 Kl3- 5 
( ,•D .:.=- ,~-· ---~::., - -

107 16 TBJ.-L _ ___ Rll~ ___ -1:.f.,_ ~S 

lOR 16 Kl-6 __K_l::JL_ - - - ~? 7 
l OQ 16 Kl- 3 ' _ K 1-5 

,_ [ 
I .,. ,''', -

110 16 KlZ-3 -Kl2-l I -~"'t ;, :::. 
--

~ . 1 l l 16 , Kl2-5 Kl-2 ~ 

11 ?. 16 Kl-7 .S1-2-
"'--' r ~ ~ 

113 16 .Qil-4 K3-l II 
~ r > 

-~.J :"' --- l 1 I 4 16 
I 

K3- l K3- 3 '::: -
115 16 TBS-3 K2_-J_2_ 'C i J ~; 

116 16 TB8-3 S4.1-3 {•S4.1-2) -
117 16 jS4. l-3j•~4 . \:2} __ S4. 2- 1 ~-) 

u 

- ~ ~ ,._ - ~ 

118 16 TB8-l I SZ-2 7 ~ 
11-. TB4- l .-.'?' -

119 TB B- 1 . 
1 ?n 16 T'RB-1 TBR-2_ 
12 1 16 I TB4-13 S4.2-4 -
122 16 ·- L_TB8-2 S4. l-£. (~S4.1-3} _ - -- - -- - -
123 16 ~r l1 TR8-4 -~ .K1.-..Z... + - - ---
124 16 <" 

-l TB8-4 -~ S4. 1-1 I 
I - - - -- ------ _.,.,_, 

' 125 
- - .J. 

TBS-5 K3-4 1 __ 

\) 
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INTRA-UNIT ',1,ll-U!\I G LbT UNIT- l' File # I -----
Page 4 ------
o{ 5 

Ttt le · Rec tifier Unit -- Ser . 7, 15 1 & Above •Indicr- tes wiring as 
was in Ser. 23 and Type 3 15B /316B Transmitte r 
bel ow. 

Sche m a t tc It 19001-E f PL # 7428 Assembly ♦ EO-----.. L---. ~ "-
.,'-"-, : -

W 1 re # :,1 E« i h• From ! T o Rout., 
- -

126 16 TBS-5 1 S4. 2-3(•S4. 2- 2) i"' - ':... 

127 16 S4 . 1 -4 1 S4.2-2(•S4.2- 3) ~ ,. -
128 16 HV C4 - l L4-l 1 l ~~ 
129 16 HV - C 4 - l R 2- l r - ',i_ ' ~J • -

130 16 HV L 6-2 C S-2 :.._,~~d 1 - ... _ - ,.,...~ -

" 131 16 HY L 6 - 2 R 3-2 
., - - .. __;:• ~ j fi. --132 C 4 - 2 C 3- 2 : I - _,r i 

133 16 C 3-2 I CR2:k l:.1 ) ; .-. 
134 16 C 3-2 R 2-2 • ~ )- Q-'u.__ 
135 16 R~ - 2 R 3 - I V 

~ I. ""' ~ ~-- ...... 
136 16 R 3 - l C 7-l 1 ~ 

._ l 

I .. .,__ -137 C 7- l C 8-l ~~..) ;:, 

138 16 HV T2- 4 <•TZ-6) I CRZ. 2 - W -· -=; -
139 16 HV 

,, 
T 2- 5 {•T2- 7) l L 3-2 '-+,.( 

'- I I ,, 
140 16 HV T 2 - 6 (!T 2 - 8) CRZ. 2-{J) - ,· --~ 
14 1 16 H Y GRZ. l-{/) L 2 -1 

-

I ,..__ 

14 2 16 HV L 3- l 
11 ~ 

C 3-l 
~ 

143 16 HV C3 - l L 4 - 2 ---~ : ,_....,,__ 
,-· ~ ~~ 

16 HV L 6 -1 
_, J 

144 L 2- 2 , ~-
145 16 HY L 6-l C.1-2 ,-~ ' ""J ,- ~ ' 

C~=.S_& 6_ ' ~- -
Rl-1 & 2 .:_.:, 

C li -1 & 2 M 4-CI) &{-\ 
·- ~ _..., 

-u 

C 6-l & 2 M2-W & { - \ '-i - :? 
146 16 K 3-8 TBS-6 ~ --
14 7 16 K 3-9 TB8-7 ,J 

148 16 K 3-10 TB8-8 '-" . i c;:.--_.,_, 
~ ,. ~ 

149 16 TB 1- 20 DS6-2 
J • 

) -
150 Bus D56-2 

. 
DS7-2 ~ . 

- ~-

151 16 DS 6-l K 3-5 ( - -~ 

152 16 DS7- l K 3-7 -
-~ l --, -~ --

15 3 14 H V I CR3-3 T.J .!-4 
154 14 HV T3. 1-4 **K lS-10 T P 3 , 

155 14 HY T3, 1-7 **Kl5-J If l (T; me} ~ i -

l Ii 6 14 HY T3! 1=2 **KlS-5 TPl --d __:, 

I i; 7 14 H V CR3-4 T3 3- 4 "_.!" - -~ 
158 14 H Y T3 . 3- 4 ••Kl S-7 T P 2 

'" 

-.. _ ~ 

159 14 HV T3. 3 -7 **Kl 5-9 TPJ (Ta p e) 
..._, -~ 

160 14 HV T 3. 3-9 ••Kl S-1 1 TP3 
- ~ 

16 1 14 HV C R3-5 Tl_._£:- 4 
I, 

162 14 HV TJ. 2-4 ' **K 1_5_-4 TPl ·-
163 14 HV ·r T3 . 2-7 1 • •K l 5 - '> TP2 LTa 1>e ) ~-

- -- ~ - I .-.Kl.5dL T P2 lb4 14 HY T3.2-9 I - - ----
••Connections made £or p ower cutb a c k only, when KlS is used . Alternate connections 

!ho':"? in '. 'Ro_ut~_" col?mn. "Tape" indicat es wire is taped up n ea r, but not connected 
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I N TRA- UNI T WIR ING L IS T UNIT - l Flle # I 

Page 5 ------
o { 5 

Tit le : R e c t if ier Un it - - S e r . 7 , 15 , & Abov e ___ ___ _ _____ ....;__...c-., _ ________ _ _ 

*Ltdica t es wir i n g as 
wa s i n Ser. 23 a n d 
below . 

Type 31 6 B , 31 £.B T r a nsm itter 

S c hemat1c # 1900 1-E EP L # 7428 Asse m b ly* - ---
~-- -~ ~ l] -1 

wire # :> l Z t r rom ,....,~-,-:.._ T o .....___ u: Rou C11 
~ 

16 5 4 T BS - 1 ,j K 2-3 (•K2 - 7) _, .. .. )[~ 

16 6 4 TBS-2 
1 

K2 - 5 -~ ·J ~ _.: ... 

167 4 TBS -3 K 2 -7 ( •K2-3) - ~ ::_:_~ -
168 4 TB5-l C B 2-l ---·-- ---~ -u- ~i'c f", 

162 10 C B 2 -l C B3 - l - L~ ::::·1 L ~~ ..__( 
I C B3- l C B 4-l -11:_J,-, - c;,----

.:.... 170 10 -~ .--" 
-;'__,.-I -- ~ 

-
171 10 CB4-l C B 5-l -.,,, ' -

4 TB 5 - 2 C B 2 -3 '.,J"t..l -rc. "' ~' " 172 -- -, -~ 

173 C B 2- 3 C:R 3 - 3 
::.t,,--"'" ' .C·:.. - _c-J;I ~ ~,....._ -a,; 10 ' ~ 

174 10 CB3-3 C Rc; .3 :-,.'!!; ,____-_::: l - u-:.;;, - r 
-{ -~ . 

6 I' 
--.~--17c:; 4 T Br:; . 1 I r.Rz_ c:; f _ 

17 h 4 K ?.-R T1 1 -1 :·;; :.l c:,_ - E.J· -:J 
177 4 T 3. l - l T 3 . 3 - 3 'I; ;.-:. G'~ 

K 2- 6 \ T J . 3-1 
- G 178 4 • 

179 4 T 3 . 3-l 
;,-

·' [, T 3 . 2-3 r-· 
-~ -----

180 4 K Z- 4 11 T3 . 2 - l • ,:'.: 
~ . r 

181 4 T 3.2 - l T 3 . 1-3 -- -? 

10 
I 

TB l -24 El-Gnd :--,,~ - d_ -

16 J'B 2 - l TB2 - 2 .~· r:: 
16 TR2 - 3 

'{ 

TB Z-4 
... !l '7 

~ 
-

R 11 - 2 
- . 

~ ~::;;,1 K 13-3 3 

'R 9 -1 M ?.- ( . ) :::- - -~ 

16 R l 0-2 M4- (- f ,; ... t 
~ -:::;; . 

16 SS-. I-2 S5 . 1- 4 • ;;~'. ' ~· -~ 

16 S 5 . 1- 3 S 5. 2-2 
'--, 

t., _'\... \.. 
16 S5 . 2- 4 ..... S 5 . 2- 3 

- w ~ 

!~ - ' .'--., 
~ .?_ ....... ,r•--' -~ . 

'-' . - :<:.r~ - .._,.,. ',.") A rl ,Ht i ,,u , f ,~ r c;o K \. Ori 1 n c. nl .. - ~ ..... -;-· ,:: 

D «..ll t , t -:f ,lt bi.'h...:__ 
. - - - ~ ._._. ....... -.~ •.11 · 1 = 

. ----- ·- - C'· -----~ 
40 l ( Kf -f., DS3- l ;___;; It,,.. .... ~ -1 i-;! • .=:.r 

";"',1 - -
~~ 1'1\a 66 1 ( KI - l O_ K 6-~ . ,·';f' -- ~ ~ ~ 

A dd t ,l· f ,1llt1~t·iu 1 : 
( ..,.; - ~ r9• 

. ":, 

- --- ~ .c- c'"':.~ 

I K () - , : _.._ ~ ... I.Dn- s-.:::. .~ :J :, t..J ·;,-~~ c: 
. 

K2 - l L "'= • 
- • T • ~ '~ I B ~·- (, --.: • ~-~ -._~=-:, - • .,·.r-·c_ .;;·~......: ~ - -. ·-

I K 1-10 lB...-6- 3 ,-I 
-~ --,.. 7 

~ fr,- -

K 1,-2. \ ""-,T l \1 - 4 in;; ;,.~ -..._ c., J 

-
T B I - <; -:;r_ 1 

~TRn- " ..., '_0 I ~1 .2'- _ ]t"::, ,;;_, ~ ,... . -
'-,,~~ 

.. --. J_ ;,· T R I, - l "l_ -. 
;TB4- l - ' TBb - 7~ 

-- -
-- " -

-

-

-

-- -
..:::'" . 

, . ;:::-, . -,_-: I 'TR.•-1 c; - ,, I T B '6 - 81 -- --.. ..,.._, ~ [I -
L" • .-., --~ 

" 
- - ;:;:;-'~ 

1: If 
..,.. - _)"" ---~.:......~) "··, s ---- . :...--s4 -

C 
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Date 

INTRA-UNIT WIRING LbT UNIT- l F ile # II 

-f 
--"'--- ------__:.,,_ 

P a g~ l -------, 
o ( 1 

T 1 t 1 e : _ _ B_ 1_· a_s_ S_h_e_l __ £,._R_e_c_t_if_i_e_r_U_n_i_l _-_ S_e_1_· ._ 7...:.., _ 1_5...:.., _&_A_b_o_v_e ___ _ 
TyPe 3 15B/316B T ransmitter 

Sc hemat1c ,; 19001-E FPL #' 7428 

)_ . ' Wire# Sae From I T o r Roufe e:::: 

I - ;. -l 16 
' 

T B 3-l I Tl-1 .--,,. , j 
C - - -

2 16 1'B 3 - 2 
l 

T 1-2 
~ L -~ -, - _, - r' 

3 16 T B 3 - 3 C 2 -l l ( -i....., 

16 -.;-r -"~.' :;;:-::' - A. 4 TB3-4 Cl-2 ~ 

5 16 C 2 -l Ll-2 ' ~- L:_; 

I - -

6 Bus Cl - 2 C2 - l -~7 
7 16 C 2 -2 T 1 - 7 •- -,t -,-:,_;.; -
8 16 T l-6 ' CRl-lJ} -

-, -
9 16 T 1-8 CRl-l .i} .._, ., 

10 16 Ll-1 Cl-1 ' ' . ~!-

11 16 Cl-1 C:Rl-l-\ -- ~ ~ 

, __ 
-

- -. r - ,., =-

'• ' -~;=, \ 
r ~ .s· - - ~;:_ --~ " 

... .c.i -- ... 
' . - _:;i ~ 

-- , 

.--.J ... 

i - - ~ 
~ 

I } -

--
__ j 

I,_' -
- ' •' CL, 

L 
~ : ' J ~ - , 

:::'.:"'! -. \ 
- - ,i 

-~ ·~ - - -
I 

··--
- '-) 

-
.-~ ~ · 

" 
~ 

,) \ -· --- --
I u .; --.;,:;, _. .._ 

; ---- - - r 

I ~ _, 
) ·°, 

I 
,. -~·-..,,:l_ 

-+ ·- .... 
-! I. 

-
i 

I ~ ' -~., ! , _ ~ 

i ' -;=;-i: I --'-- .. J =< ~ . . 
-

- I - I :::::; _:::i:.,. - - -, _.. ,1:, 
I 

l 

' -
~~--

-
' " ~- I' ·,_ 

' '! I Ir ~__,,._ . ··~ . -

-- I• \,) ·-): ·1 
I 1 ... 

,; ... 
-' r··• . ., J .. 

- ' ;::J' I I• - - ,' Is~ - - -

t f;]; ~ :· " ~ - '-;'.~ 
-,._ 

( ',j ~ -- _, r 

- - --- ~- -, ~=-- "l 
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INTRA- UNIT UNIT- l File # -----
P age 1 ------
o { 2 

Title : __ R_,;e_l..;..a y..__P_a;._n..;..e.;...l..,_, _ R_e..;.c..;..ti-"-! -'-'i e;;..;.r_ U_n_it_ -_-_S_e..;..r_._ 7_._, _ 1 5'--',;.__&_ A_b_o....;.v_c_ 

Type 315B/316B Transmitte r 

Sc hematic # 19001-E E PL # 742 8 A s sembly ♦ F O -
-:-,:--~-

...-" __ ! L 

Wire # Sae r rom l o - i' c-" :---: K ou Ca -
I ~ -

l 16 T B4-l l Kl 1-5 - - .! h -
2 16 K B- 5 K 9 - 5 - j 

~, ~~ ~~ 

3 16 K 9-5 K I0-5 r ,Lj ~~, 

A ' ' • 
4 16 Kl0-5 ! Kl 1-5 1 lk"- IC r , __ ..,_ 

-~ 
5 l t> TB4-2 K7- l ____ ! . { ·--?-i~- J L ... ,' 

- ~.~ 
6 16 K 7- ?. I K 7- 4 I - ~ --. _1_~ '!.'~ .., 

7 16 TB4-~ K 7- t> r~~.:.--.~ ? -,:;::; 
~ I ·-

8 16 T B4-4 ' K7- 8 I -. ......., •. ·'"'-; -~- -~ -, 
- + - '--:., c_..F"',;" 9 16 I'B4-5 K -, _ 7 = ., 

I .. , 

10 lb TB4- b K 7- 3 ~' --~,_ ~ ·,-r "":,J 

11 16 TB4-7 R 8- 2 
I ' .. -,.,_ - - .. -

12 B u s R 8-2 I R4- 2 
--
IJ,::-. ,::_ ,.,.., ~--:__ 

13 B .is R4- 2 I R 5- 2 
·- )- .. ~ - ---

14 Bus R S-2 l R6- 2 ·. , .. r- - ~ 

15 16 K 8-l R 4 - 2 ~ - J J _ 
Iii Iii R4-l. I S l i"er 

.... --

17 16 R 5 - l K 9- 2 
-· - -·-....,::. 

,.... 

l R lh R ', -2 ' S l, <i P r - .1 ( ,::. 

19 16 R6-2 Kl0- 2 ,_ "' -
20 16 ' R6-2 SlicJ,e r 

- ~ :.?---:_. 
16 '/J .__, '-' ' . , . 

2 1 R 8 - l Sltd er - ,'Ii 

22 16 T B-4-- 8 R d - 1 
. ,_ , .... -~- ._,,..__, ·- "!"' 

2 3 16 R S-1 R7-2 " It-;.- - - -

24 16 R 7- 2 Kl 1-~ 
;; . J .;;, +-

";_ -25 16 R7- l 
-t Slide r ' 

26 16 I ~-·~ 
TB4- L ~ ~4- l ~- -

2 7 16 R4-_1__ K8-l ' 
~ 

28 16 TB4-10 1 fil-1 - ..: ~ 

29 16 RS-1 I 
K 2 - l .l "-/ ·- - - ~ 

30 16 TM -.l.!. R p -1 ) y' 'c;;_.:;: ?.~7 .. 
-

31 16 I R 6 -l K l 0-1 .-a~, 
32 16 I TR4-12 R 7- L ~-~ y· ~' ~.I 

33 16 
1 

R7-l K 11-1 ,' - ·:.--
34 16 TIH-1 3 K S -3 • 1;:,_. ·."(':, 

~ i; 16 - 1< 7-5 KI 1-4 ~ ."1:::::- = 

1(-. lh 1< 7 -1 ' Kl 1- 6 ~ 

37 16 Kl 1-6 K 8-6 "--' ' -- ·-_-, 
' 

38 16 K 8- 6 K ~- .!L .:c.i _) ~ .~., - ~ 
LI 

~ 

39 16 K9-6 Kl0- 6 w '<. --
ft - - -

An 16 - Kl0-4 ) 
u 

KU- :t ," --
~1: IJ -- ..... -, .~ J .. c;; Jr 41 16 I K. 8 -4 -. K.9-3 -

42 ---.,• 16 ._ _____ 
- : K~ -- KlQ.=..J p -- , ~ 
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INTRA- UNIT V. IRING LIST ~ UNIT- l File ,, III 

Page 2 ,. .. , 
o{ 2 

Title · Relay Pane l, R ectifier Unit -- Ser. 7, 15, & Above 
Type 3 15B/316B Transmitte r 

Schematic * 19001-E EPL # 7428 Assembly h 
• 

ire i r. « rom 

NOTE : T e followin,, c on.ne tion.,; not used w en ,;,. o lied as a 
3 16 K9-5 Kl0-5 
4 16 Kl0 -5 Kl 1-5 

14 Bus R 5-2 R6-2 
19 16 R6-2 Kl0-2 
20 16 R 6-2 ~lider 
30 16 TB4- l l R6- l 
31 16 R6-1 Kl0- 1 
39 16 K9-6 Kl0-6 
40 16 Kl 1-3 

2 16 K lu-3 

16 K7- 1 1 ·B-l- l S 
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INTRA- UNI T V.. HUNG LIST l File If IV 

Page 1 

o ( 

Title : Arr_elificr Unit 

Type 315D/316B Tr,m!:lm ittPr 

Schematic It l 9002E EPL # 7429 As s embly# F O-

' ' W ire # Su.e •From T o Rouc, .~ Y.'.=:--' 

1 14 (*16) TB l -1 TB5-l ;_ - - -
2 14 (*16) TBl-2 TB5 - 2 ~ 

3 14 (*16) TBl - 3 TBS - 3 
~ ....:~ :r -· 

4 16 TBl - 4 S4- 2 ~ -< 
5 16 TBl-5 S4-1 

~ -- -,, 
. ~ 

6 12 TBl-6 T 1-2 
..... 

. ' ~ -- -~~~-

- .,--' 

7 12 TBl-7 Tl-7 ~- ..... .,,- ~- .... ., 
8 16 TB l-8 TB3-l 

~ 

- ! - ,-.~-

9 16 IB 1-8 TB4- l I _.:, 

-: -., ~!, -

10 12 TB l -9 TB3-2 -~-,_;. -•-r =;;) 

TB l -9 
---f,__j ~ 

11 12 I TB4 - 2 - - -
12 16 TB 1-10 S3- 1 _..:: 

13 16 TB 1-11 S3 - 2 
,--

' 
,_ ::: -

14 16 TB l- 11 TB3- 3 
-·- .,~_,. 

15 16 TR l- 12 R96- 1 .,. -~-:) 

-

16 16 TR I - 1 ~ R 18-2 ' 
17 16 TB 1- 14 R 39 - 2 

~ ~ ~ 
~ 

18 16 I TBl -1 5 R40 - 2 
. 

19 16 TB 1- 16 TB4-4 
I 

'I -
20 16 TB 1- 17 1B3-l l ; ' 

16 ( J , ·" .,.; - ·- - 1 21 TB 1 - 18 R 24 - 3 -~-., 

16 T B 1- 19 c so 1-2 
~ -~ -22 ' - _.., 

23 16 TB 1- 20 K2 - 2 
...,.,_.~ ~ ~ •-

- - - - ~ 

24 16 TB 1- 2 1 K3- l ),. - -,--.,_ 
25 16 TB l- 22 R Tl - 2 ' \. = 

~ 

26 16 TB 1- 23 TB3 - 4 ' . r 

27 16 TB 1- 20 TB 3-5 ' I ~ I 

28 20 S1- Al TB 3 - 6 ._, 

29 20 Sl-A2 TB3- 7 - r" -- -. 

30 20 Sl - A3 TB3-3 I 
·~:; 

31 20 S l-A4 TB3-9 ! -- ·----. 
32 20 Sl - A5 R28-2 - ,-_,- .;;:: ~ -· .. 

-

33 20 S l-A6 R 38- l - - s-' 
34 20 S l-A7 R 39- l ~ 

_,.. 
35 20 Sl - A8 R40- l ~-- -
36 20 S l- A9 TB4- 5 ;':i ,..._ ~., 
37 20 S1-Al0 TB4-6 ,; ---

~ ~ .. c . 
38 20 ~1-B 1 E l-Gnd ' • '' ---u-"'' ~ 

39 20 Sl - B3 TB3- 8 ~ : ~ - ,-.~- - -
.d.n ;:>n SI-Rr; R ?n-1 .~'t,. ·1 

__,__ 
.r. -

4 1 20 Sl - B6 ,·-~--- R 36- 2 -- ~ . 
42 20 -~ - , ~~s 1- B 1 R39-2 "' ---, -

., 
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INTRA- UNIT f-1,, 

Date 

File # IV 

Tit le : An rJlif tt. r U·. t .,,. 
c:_ ______ ___;__;.._--=-------=---"\ 

315D.'3lor, 'J' . 1 L.·i tter 

• 
Schema t ic # 19002-E EPL # 7429 

wi r e # S u:e r rom l o H. outa 

43 lO Sl-B8 I R 40-2 ,:~~i !?~ _r ~. -_. 

44 l (, RT 1-1 K2-1 - -_,,,.._,. -<.: =--~ 
l (, R Tl-2 

';>- ... 

- ~;1 4 C, K.?.-4 
':-"f' c_:,, = ~- J -lf- I t, K7-7 K ~ - J r-

TnJ- 1 1', 'J 
! .. .., ., 

~~ ~ •17 "'0 T p c:1, __ 1..Cd..:: : & .d ~ 

I', 48 RGS1 TB2- '1 I TR 3 - I 3 Ji::.Ilj" ~ { l •2.,;:: - -.--~~_,; ~~ 49 RG59 TB2 - 5 I Ll I ' 
'-10 16 R 38- l i Tl -4 

' .,. -...:::.:: ....,. ,,._,__ 
._"---;:: ~ - -

51 16 R 39- l ' '.i'2 -4 > ~(-' .. 
16 " - ,- _!!-, 

5 2 R40- 1 T3-4 - -·"""""'- ~ ~ 
16 P V Ml - W 

;:, ---· - -53 E3 -. .o;.,~~--= 
54 16 l V Ml- {..- ) E7 \). 

~,; '~)· W;_/ 

M 2 - ( I) - ~. ~ '"'j' -
55 14 H V E5 ,- .,.,_, , 

56 14. -v K3- 3 R qS-1 • ~I 

57 14 P V R95- l E2 - ,::.-......., 
·-- - - - .,.. _::: 

5b 14 I' V I M2- l - ) Ll4- l .- /lt ~ 

59 14 rv L14- 1 C:30 
.,._;.~ ~ .~ 

60 12 
I 

'i' l - 7 'f"> - .., I - ... 

(~ I 1 ?. T? - 7 T1-".' 

6 2 12 T l-2 T2-2 -~ ··~ -
63 12 T?- 2 T~-2 - -- - -:, 

I ·-.- ~-
?.4 16 7B3-3 R"'8_-,,_ - ~ __.!:: ----- ·--
65 16 TEZ-] j ~Z- 6 -- --r ·-
fifi l h TB2 - 6 -- .El.-...Gnn ~ - ~ --
67 16 ~ V 

~ ---- 4a .. :-...i.... E3 _G_l7-l -
68 16 • -- :?:;:::<~ 

V F.4 .G_-D- 1 - Q-

6q lh P V - ~ 'l. - ~c.~ _!' 3 F.4 R l t; - I --· -
70 16 L V R 15-2 C 12-1 ' - - ,l 
71 14 ~ V ES K3-4 ~~~ 'i,' --:: _.,,- "" 

' "' ~ -
'( , .. 5~~ 7 2 R G59 TB4-1 0 Ll5- 3 

73 16 R 24-l 
.. , - - -- ~"\ TB3- l~ ~ 

74 1 (. R24-2 R 22.-:..l t~~ 

75 16 TB3-5 TB4 - 3 ·-~ 
"'c.. 

76 16 R 24-3 TB_J:: 11 7~ 
~ 

~ --
77 16 R25-2 El-Gnd ::. t,.. ·:..;..;..-: t 1, 
78 16 R 14-1 TB3-10 :--i.. .? .~r-:::-1:: 
79 16 R 2 7- l L9 r n _.bf?.J... i! ; - ....:, :~ 

16 K2-1 
-- - ~ ~ ? ~l - -80 K ? - ~ l --

16 - .,... ~ -
8 1 -~ . R C)4 -?. F. I - G.1.l!L ~ ~ --
82 20 

- . 
R 4 1-J{*M1 Jl Sl -A 

_,_ 
'.~ -, ·- ~ 

83 M 3 l - \ . :,.: g, - -
i 20 I .fil-B ,/' 

84 I ~ 14 P V K2-5 -,., R ')5 - l "-' 
°' --., ..,_ 

' -

' 
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INTRA- UN IT W rn. ING LIST UNI T - 2 Fde II IV ------
Page .3 ------
o ( 3 

T 1tle : _ _ __ A_r_ • ....,p_l_1f_i_e_r_U_n_1_t _...:.-____________ -:----,--~ 

3 15B/ 3 l bB Tn.nsmitt cr 

Sche m ati c # - --- ---19002-E EPL # 7429 Auemblyt ----- FO-

Wire # S 1Ee From To ., , Rou(e (', \i l j. 

85 14 f! V K2-6 R )5-2 I e) 
-

-, ·---_ 

86 16 'TV E3 Et 
I Y~ ~ L-

-~ •, J . 
K3-3 R9£-2 

- .. 1., ..__ -· - ~~? 87 1-1 B V J :~-

BE, 16 Rl5-2 Rl4-2 '" 
.'', 

82 16 R Z7 -2 R26-l - - .-. 
90 RG59 fB2 - 7 R 31 -1 ; ---. <' - _:, ..-. 

9 1 16 TB 1-23 TD l-21 ' - ~ 
,._-·- . ~.,---.._~ . 

- 14 IJV R98 - 2 R 90 - l - ____., 
~ 

J.:. \.-, -
Bus R96-2 R9o - l ~ ' 

~_... 
' ·--,""--. 

C 35- 2 Gnd .. ')'-'~ 
.-- - -- ' ~--

Rl 5 -1 C35- l 
,,:- L :"_"'.'.) 

- - -

C 34 acros3 M2 
c~ '.I.-.-

' 
_;,_, 

C 49 Ml ' ;ir rQ!"l!"l -- ", 

C 16 .,rro0 s M1 I 

M3- ( J\ 
~ 

R4 l- 2 ~ ~ ·~-... --
-

I .·-, ... ,. 

Add1ti .>n. for 50 KW Drive or. l ·: 'l 
p 

"'<' ~ -
Dell'tl' t 1e J oll<. , in -~ 

91 16 TB 1-21 TB 1- 2 3 
~ ~·--7 . 

72 RG58 TB 4-10 T 15- 3 ~-· - c_:-...,.~ -";:J 

A nn t h ,,. f n ll tnvi n • · 
7 

~- •c- L 
--

16 TR6- l K.tl l-1 
-

16 TP.6 - 7 Kll l -7 -

Sh of coax TB6-3 G•d 
·~ -

RG58 TB6-4 K4 l l-3 
~ 

--- -
16 TB6-5 TD.::vl-ll 

~ 

.... " . 16 TB6-6 I 1:U2Jl - 23 - -.,_. ·...J-.._, 
-

RG58 TB4- 10 K4 l l - -1 l(_ 

RG58 LI 5 - i K-111-5 -"1--~ .:: 
MAGNIP' T ASE t l t 0'1~ ~ 

16 M • 1i- TB 1- 7 s,J KW Meter 
16 II TB l -u 50 K 1\. Meter • 1~, -

:, 
' 

16 II TBI-8 
I • 

TB4- I I ' 

RGs r:, II 
- TB l-6 TB 3-1 (, ,,.-.,l 

16 " '.i'D 1- l fU20 1-4 - -, I , ::o --~ 
-

r> _ "\ 

' ~a 
,. 

,.,__,:''::, 
..., -· I .. ~ - I • ~ .---- ---.. -~ 

- ~ -~ '-- .-'::; ' - . ~- -, [ \ -: - -.; 
" - ,r' ·::, 

~ _; 
.,,___ 

' r (, ' ,_ ,. . _.., ·~ 

\_j ~ 
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File If V 
-----

Page l ------
o{ 2 

Title : Dr 1vcr $ ' d f, A1 pl fl:!r U 1t ___ ~--'--=~~.=:..--c;::....:..~ 

'I v )C 3 1 _ B / 31 6B 

Sc hematic t -------l 9u02- E EPL # 7129 

. f -- n 

Assembly • 
--'-~-_..;;.= 

FO-----
Wire # s11~e I From - I To 40; ·Rout-, ,-::, 

' 
1 16 TB3- l T4- 1. . -

~ .~ ~ 

2 12 '1B3 - i '14-4 
, 

~ 
-~ ... 

- -
'.~ 

1 20 TB3-1 R 1g_z 

4 20 TB1-4 U 1 - 1 --;i --· - ..., 
-

5 20 TB3-5 Kl-4 ;~ l_ I''] 

6 20 TB3-6 S2-C - ·.:c ~ 'Si 
7 20 TD3- 7 Rl0-1 - •,----:;,--

8 20 TB3- R R 19-1 "-- ~ 

;, .. ~ - - '~ -
9 20 TB 3- J R 20 - l 

-~ '"i c.•~ 
/_ -

10 16 TB l-1 0 S2-B • ~ 

-

l l ] 6 TB3-ll I C 13 - 1 J J, 

16 
r ~! 

-
-"-

12 T B3-1 2 Rl3- l ' 
13 RG58 \ T B3-13 C7-2 

,., I.,_ 

' -

14 IB3- 14 I Gnd 
- -~ 

<.., ' ~ 

R9- l 
~ ~, -~ .. 

15 20 XV3-4 ,-.. 

H> 20 R 10-2 Gnd __ \ ( ~- ... 3 __ :l 

' 
17 20 

i L 5 - 2 Rl 7- 1 ('- c:;--:.. =::: -~J :.....__ .;: 

lf~ 20 
l' 

R 11- 2 R 12-1 
- °' ..._, . _ __, 

' -

1 o " -::.._ 
Bu,, R 2U - 2 Rlu-2 --

lO BP!':: Cl 2 - -, Cl 7 - 2 1 
I -

~--'-:'::~ 

22 l{, TV c u. I RJ 1- I 

23 1 :, V L4- 2 Cl 2- l ~-"--. J 

? i 1 (1 I -y c:1:-~-- _ _Lj'- I .~' ' "" 

2 'i l fl._V T _.:1,_?_ R l .., _ .., I•, ; 

26 1i V ~ - 2 V~-C ; - ~ ·, ... ~ 
27 16 V (_.., Va._ c: \ __ 

--

z,; I fi l - -S Y~I ' - _\., 

;n T. ~. l ___ ~H-1 +- _ Y4-1 
.. .,__ ,-:-; t --

30 2li ) ____. V 4-_L V 3- l _J -. 
,J ;' 

~ 

t-- ---
11 T. P. ) -i _V 4-7 V 3-5 ~-'__r - ' ~'1. 12 Bl:.., I Kl-2 R 7-1 - ---\ .~ 
11 Bns ' C . -1 V 3-':I ~ 

_,J~ ·,.I 
-. 

~4 J31$ :il..,-A Kl: l l ~ --
.,i; P.- , q L ·1- l C.2.- ~ 

;_, 

~(, 'R. 11 c:,1_ 1 L4- l ~ 

Rl1- 2~- r 
,_ 

.. 7 P. 1Q RI0-7. k 
·, ~ l 

, _, 

·u-. n .. - S '-AI ' .J_l , l-fl ;, ~ -. 

'VI H • I C:.."> - A J Jl_ . ~ 8 __I -

40 I \ \ _ Tl . l -:J. "" 

~ iu.. . I Jl! . .l.-1 - k - -
41 ~ 

J I . 1- 3 __ .... ---- • _G•1u ~ -- -
4' 

Bl :1" ·---~ , J;I 
Jl.l-1 J:, J ' 

...,. ~ 

,_ ' ~_ Bl, ~ .TL....'..'_:l_,~ . • _--;= _,_,= "I 
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INTR A- UNIT y, IRING LIST UNIT - File # V 

Page ------
o ( 2 

Title : D riv er Sl-ic-lf, An--pl ificr U"'l.i t - - ------------------------
Type 3 15B/316B T r ansnntter 

Schemati c # l 9002- E EPL # 7429 Asse m b ly; -----
-

Wire # Sae r rom lo J •·' ,- K out•i -
..._ ' ' 

1 
~. ~-· 

43 Bus Jl. 2- 3 Gnd ~--. 
44 20 S2 - Bl Jl.1-4 . - ~ - -5--~ 

45 20 S2-B2 Jl.2-4 '~ 

46 20 S2-Cl Jl.l-2 - ' ' -:-, 

47 20 S2-C2 JI. 2- 2 ~l ,----;( ~ 

) 
~ 

\ 48 20 ) T4- 5 Jl-2- 5 -
49 T p. ) T4- 7 Jl.2-6 - y ··-

,,_ 
''°' ' 

50 20 T4-6 R20- l r ._;... :;:? 

51 20 Jl. 1- 5 Jl. 2-5 ., ::; C' 
~ 

52 20 Jl. 1-6 Jl.2-6 ~· - -
l~ 

53 Bus T4- 2 T4- 3 J " 

.. 
~ 

V 3- 3 R6- l ~ 

---- -

R 7 -2 Gnd 
L3-l I F eed t 1ru 

·- J -
F eed thru L4-l 

-~ -~ . ~ 

}i 

V 3 - 2 R 1 1- 1 '.;- . 
L 6 - l Cl4-l .~;. ' 

Bus C l4-l L8- l : ,-

C l 4 - 2 Gnd - - - · 
-

Bus Cl4 - l -l Cl4 .2-l -- If l sed -~ 

L 7 - 2 LS-2 
. 

Bus V4-2 V4 - 6 ,., .? -~ 

V4-2 R22- l ' ·•--

R 22- Z ClJ-1 
~ - ~ -::-,:.. ---

V4 - 4 R!f?-1 ) -
I R 16-2 C9-2 

o_, 
.-- C -

Bus Rl 7 - 2 R 18-1 
I 

' ' -
Bus R l 8 - 2 RI 1- l . 

"' ~ ,..J 

Bus Rl3 - l _Rl2..= 1 ';' 

RI 1- 2 C 8- l - -
CJl - 2 Gnd ~- .• 

C I 3-2 r.nn - · ~ 

C:10-?. Gnn r -, 

C 11-2 (;1,n ~ ~~ '\ -
V4- I C:10 - 1 . ' --
V4-7 C 1 1- 1 I ' -= v ,, 

Bus R 9 - 2 Rl0 - 1 = 
R 6-2 R?- 1 ,J ~ 

- ~-
_; 

C: 
,.. ' 

t ,. ' ' ... J ·----
" 1,, ~ ; ~ 

~ ' I I 

,, ,"::. _, -' 
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I INTRA-U!\llT V.l:{11\/C, LIST 

• 
File If VI -..!...:------

.. Page l ------
Title ' Modu.lator S 1 df, A.r :)lifie r Uni t 

o { 4 

~Ar i ' 
23 1d 

Schemat1c # 190C2-E FPL II 74.2.9 FO-

fW 1 re # I S1 1te From 1o 

1 16 
..., ... lZ 

4 
i; .,. ,, ,..., 
6 I lQ 

~ __.C .._ £.._j 

JL 
9 

10 ~r.~R 

l 1 
12 16 P V 
L3_ -- ! 1_6 qv 
14 16 T V 

+-------'....i.L.. ____ ...__.l..ll..1.-....... S ______ _J_ fill.:-2... 1. : ~ ~ 
+-...IJ14 ... -~o~---r RS9s·•' :(-- ""' r-- = 
I "lD4-1. ___ __,__ .B.51_<1.:..l _ • "' -~.-:~ 

_...,___r....,n_4..::..8 _____ --.-.1 _ R.19- • _ ____,.,__ 
Tn4-1. 1 Cud < Sh ield + ______ _ 

+---~:::.:::..~-----+----=T:..:B:::.4_- _l_0 ___ __.1 __ R_-1,.;.3_-_2 ____ 

1 
___ ?_~ __ ,•_·~..._, __ _ 

t "~' i ---+--------~--------->-'--------- ·,~ . •- , we ---- -
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l E-7 

E-8 ! ' R53-2 
1 ', 16 T!V 
16 16 

C42-l 
i'5- 1 I 

R~9_- ~1 ___ _.,..._-:. 
T (,- l 

r.:o' -

!_~ _, 

17 12 T5-4 T G-4 l 1.1 ) -

" -= , 
l ,, l ,, 

I 
--

) -, 
~ ·-

~ " 

TS- 'i V7-l ----~'-------+---=-__,;;.;_______ ~----+----'---'--'-----
T 5 - 7 

~ 

'I --._,. R l~7- l ___ -+-_v~~--.._J ___ -+-__ _,;_,;_,; ___ _ 

0 
;>4 _2.Q. 

Z5 I 16 
26 16 

~, 
'-. - ' 

15 ' -

Ri G-2 R 7q 1-1 
c...:.. • ..:...----+------'--~---

1---1,,,,;.i..... _ __..,_ __ ~---~-.U..:U:l_-..4. 1 13. 7.9, l -z 
'R hl--.--1._ _____ - y JJ)_-_ 7.---+----------
Vl -2 C4v- 1 

__ ....;.._ ____________ _ 
27 16 1---=~--+---=-~------+-~R:..;::..Sl-l C4v-l 

I , 

,f 

28 20 
29 16 'IV 
30 16 HV 

t-- 31 - I 2Q 
16 B us 
16 B us . -
16 B -·~ 

J R 4 9- l C 3 9- {}).___ __________ _ 
_____ V_l0-'--~7...P _ R 80-2 -+N ti 1 c:ible for_n_· __ 
__ ....__C ........... 41--L V b-C"".10 ___ N, t i.1 c,~le_f n!.:]_ _ 
__ _.I _Y..!1- _5,<.._ ___ +--_Vl0-~4.,...,.... ___ .,..r_i t i_n.&iliJ.P. f nn·. 

I C39-j~} _ _ V 6-4 ,.. __ ______ ~ _____ _ 
1 R99-3 T7- l " ..:<.....---+-- -=-------+---=---------

1-----~~----':..::<..=..l:=...--~-=R~9~-4_ T?-X6-----+---' -"~- ------
1-----+--------~..:R=5~7_-:2 ___ -1--Q1d~-~,~--------------

16 B 1,1,; l C40 -..:2"-----+---G=n .... 1rl....__ ___ __,._ ________ _ 

• 1 () _,,,B::..,l.._,\S,.___-+j:....__.V_.,_7 - 1 V 6- l --_."""'"---+------------
t------+----=-1-""-h ~ u~ . V 7 - 7 Y ~--5 ______ ~ ______ _ 
-----+----=1"""6 Bu, -· ~ I V9..- l '· VIP- P . ., 

I• •·• ~ 

1------+--_,.....i_ l..6..:__Du..; ~.,I Y fi.- c, IL V 10-..51 
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'----,_-,(.;...·-_-:r_,~ ___ l 6_ ~ ,lS V l 1, - 5 l 
1

' V J-._7,.__ ____ __.. ____ -
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Date ___ ...,__ __ _ 
INTRA- UNIT V. HUNG Lh T File ,, v t 

Pag~ > t.. 

o { i 
Title : Mod iln t o r S ·df, A'.r--iplifi c r !J J'~------'---=----'--'----' *Indicates v l r l ,. :l~ 

1 i uc 31 .,n / 31 (.B Tr Yl , n 1 ttc r 23 llld 

Sc hemati c Ii 1 )CC2-E FPL I# 7 42 ] Assembly • FO-

] - - •-
:;1 ~e From T,;o J ·: Rouh 1 ~ 

16 B u!> 
16 Bu:; 

C42 - 2 Gnd -------------+- L \_ ~ • 
R 57-l V7-4 , -~ 

" 
J 

14 Bu.3 C44-2 R 64- Z '~:,-_ "> J' _ 
14 B ,1s C45 - 2 R65 - l ,-::/~' "!c~ 

' . ' 
16 Bu3 
16 B tl, 
16 B us 
16 Bus 
16 Bu 
14 Bnc: 
I 6 B11s 
I f, Rn , 

16 Bui:. 
1 (1 R ,, -

16 R" 

16 Bu., 

;..=...:;:.:::._ __ ___. _ _;R:..;..;;:.8..;;..0_- .::.l ___ --1--.c:..R~6-'4 .... -____ l ----+-1, ___ .....;';~;! ____ _ 

R S 1- 1 R 65 -:_l~---+------===-::-· :;.. .·
7

__;( __ _ 

..:-::=--::-.;=-------+1-..;:.R.;..;7;...:;0 .... --=2'------7=- _Jj' -_,6~---4-,.-----·~"'J ___ _ 
-=--====------+---"'R"'--7:..;8,__--=-l ___ --r- R 7 7_- """l ___ , _________ __,___ __ _ 

~=------+---"'K~:4.t... -.. -~"------+ G· 1._d"-----~•---➔------- _ _ __ _ 

C44- l V 7-C .. '."l l'.il.i l-~" i:ntiYJi.1, t ,..r - Teo 
of ---nr 

~=~----+---'T'-'6"--_,5'-_ ~ ~ · J- "'-1 ---~--...,_--
_,,;:<.JA..,__ ___ +-_.,T:..:6 ..... -_7'-----~-~V , ..l.::__7 ___ -.....11 

_ - ________ _ 

'-=-""""''------+'--V:...=-r...8...._~- .:.1 ___ ... ,_ ..::J ~ -~2=----=l~~"---+-ll _ ~--=.:.. ,,·'i-~-·~;;__~ _ • - ------

v g ~-7~---+'-Y..JJ... Z-7 
~~w..----+i-..L.lV8.LL.J'l...;-:...1.___ __ -+:-~ .... l_- _._7 ____ 1,--___ _:__ ___ ~---

t...t,j~L_.-----YLc..:8.>., ... 2..::.-_._7 ___ ;~__.Y..S....l,.::..-_...1 __ ~-41
_~ __ .:__--· ------

:>n R n l,L-,l-<-W,...._ ___ -.--_..u.:; R4.._.RJ..:-:..l~ ---+ ____.T..__' 7L.:-:..·.._,IO.,___ ___ +-___ ;:: ___ - ----
')t) P. '" ' T7 _r. , r. .,.,,:i 
l 1) Bu,:; T6-6 ' R 75-l 
16 B us 
16 B ..i.s 

20 Bu"' 
20 B u 
2ll B u:: 
20 Bu~ 

20 Bus 
20 
20 
20 
16 B 11s 

I h 

16 B us 
14 Bu · 
20 

R75-2 L 20'--~l=------..:··=-----------
L20-2 .Qn~d=------+------L ____ _ 
R 7 8 - 3 V I 0 - 3 I: ., -,, ·--... 
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·~ ~·-v 10- =--1 ----+- _ R:...::5'""0:...-. ..;l=-11 ____ ...,_____ _ , __ ~ ___ _ 

::<...-------4---V 10 - 5 ---..- R S/ - 2,...___,__ __ _._, _ ___ .. _____ _ 

~--=..J ____ -+-- - ~SJ -.L·----~-----'..;__~ ____ -
_T6-2 --+ ':g - _3 --~---_.;;_-______ _ 

.t..._ _____ +-_...,..R;>._,7_'r;(..;:_~J I ..L.il..1-. _-__ __,O......_n_tub~ sh•lf - -
"-~c.:·.;:; ___ ___._I _ C=Ro..=1_- i -} _ CR2- l-J_~~ -.,___ _ ___;•;___ ___ ~----
-- =:..u...'-------+1--===cc=R 1- { -} ---t- R • Ei - l '7 -::· 
"-------+---""'C:: R~..__1 - U) _ _ ~ _::, .:i •. _r;.__ ____ .+:,c'--- _-_· ..:.; ,-:'-'---7 -'--r ____ _ 

?() 

16 Bu., 
16 B us -

: 
"------+-- """'"C::R~7.._-t/) ___ ~--~T~r;~-~7L-----+=•=---......;.--------

., T7-3 T7-4 . ,. I -=-------+--...:.,:;_:_ _____ _ 

1 1 7 - 8 T'7 - q ---~-=-· -_...'·-· ------
14 I V 

14 Bu., -- ·-

:;_:_...: ----4----=R=-=-6~3-_2_ __ ~ R 1)2 ~ ,. , 

R35-2 (•Cs5:2) t C 54-~ +· . .,, 

____,=--_ ____, __ +! _ R..;....;:.5_6~ - 1 _ R 3 5 - l { ~C 54 - ., ) ________ _ 
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Date 

File # ~' -----
Page 3 

o { 4 
T1tle : ModuLltor S!wlf, A r; ,phficr Un it;_ ________ _, 

Ty,,c 3 l 'iB/3 l uB Trt1,mitter _____ _ _ 

Schematic # 19002-E EPL # 7429 Assembly ♦ -------
iWlre # Sae From I -1 O R ou f11 

l 
~ 

Bu., R55- l C4 1- l -...... 
R4 3- l R 12 - l 

- - ~ " ~3,.. 

R42-2 R44-2 - - ,....-? 

R44-2 V ~- 3 £· 5 .. _,,.,, 1 n 

R44- l R:12:..l. 

I 

- ) 

R45 - L C_ll-1 
•,,- - . ) 

C37 - ? Grd 
.., 

- · 
C52-2 R "B-l -
B. 32- 1 R~-1 

. ,! 
~-

R 14- 2 I C.11--l <:" ) ":', ~ 

C3 f - :' ~ 7- h) 
-· '~,.:;. 

I I 1- ' -
R48-l. I 

_.; ,; 
11- l 

I 'i. ~ 'R-17-?. T?-7 

I 
-

T7- 7 R4(1- ., -
I R..i t- _ l V (, _ 1 •✓." '--' 

-
Bu.; I R49- 2 R 5l1- 2 ··-.. ,......, 

C 53-2 G1,d 

I 
- -

"? 
Bu3 C 39- { ) 

G ·:i 
. 

-......, I . 

- R-16-2 Gr\= ~= 
RSl-1 RSZ -1 ._j 

R r; t_ z Gnn 
. 

'l . .. 
R11.: .. Rli2-? R 53 - 2 rt_ r, 

R11 c:: Ri::; ~-1 RS4- l ·-~ •. ; 5 

R 11 R i:, 4_;, ~--l .B...5..5-? .- ~~ ~ '~ ~~ --
B,, ... C:41- z._ I - ..R5Q- 'l " 

~llS ,__ ~- 1 ______ 1,__ R i; 7 - l ' -, 
.·";, : ·-

B ,1c:: R 7,-.z.__ B._'7( _;., .~ ~ ~} -

B u.; R7v- l R 71- I ~T --_,: 
'- -

B us R 71 - 2 R 72- 2. - ~ 
t- - - ---

Bu e, R 72-1 R 73-1 -- . --
Bus I R73- l C46- l --,1., 

.....-- ---B u; I C46- 2 R74-"2 ---- -- ---Bus R 74 -1 R 57- l ., ~.- , - - -
! R S7- l V 7-1 r - "_) 

Bu:--; R7).?.-l R 73-2 
__ _,, c; 

Bus R73-2_ R :, 1- l 
BU!, R 5'J - 1 R 'J7:2 - r 

- ---r' r':'' --I Bus R.37-2 -~5l - 1 - ---,-
R 1 J- 1 C43-l 

;:; 

' -- ~ A '.,. I et----- - --
(! j '-~, -,- _, . R 1 -2 ~ ~4~-~ --+ --- --~ -

' i C43-l --c- - - -, _ 
~--....: ~ I ~ B 1.;; ~ l Rbl - ~ J .L _B,53_-l - -- -_.,.___ ...._ __,._..~4;: -, ... 
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Mudu.l ttir Sl di, A,1, l'hf1er UNIT ________ ~ 

Typ0. _H 5B /3 16.B .!J"-..!l~rn1~~ ----~-

Sc hemati c # 12002- E EPL It 712.9 Assembl lt 
. 

ire ,>ir.41: rom 0 
--, 

Bu.:; R59-2 Rl,0-2 
B t, T5-2 TS-3 

R641 V . l-4 
Rb4- 2. R &- ? 

i-----+-----------+--=R'-'-1"--.>t.- l V . ~ -j ___ .,.,._ ________ .;._ 
+-R 6- l_ -=1- R• ,,-1._ __ ___.,_ _______ ,___~.......,,i= 

1------+--------\ Rt,b-1 V_. 3--"-4---------------~ 
1----·--+--------+-R~6=5_- =2 _____ y. l~-~2~K_r ~6 _____ _ 

RuS-1 Ro 7 l -----+----------~~---------t-- - - - ---------· 
Rb7-2 I VF.l.-2 i... 6 ____ __,. _________ _ 

R _ -1 

=-----Y.. , 3- 2__u_ 

---------------~....._ ____ v_· ·v~~ .... ;_) ____ p_,1_r...,~-ll-c_1_e_d _______ _ 

i-------+----------+--=---'--=-------+---G=1•=------+----------
~---~-------~---'~~~~--~~~½22 

L> ,_ 

R76-2 L2J -2 

Bu., R88-2 
Ro7- l VlU-2 -----+----------'~------------+-- ---------------, 

1------+-----------R~f "'--7_-=-2_____ V 1 l_- ..c;.s __ ___:_--+-'----_:;.-'---.;..;,...-.:;..;..:._ 

.,__-,----+---------+-C~4.§- _l _____ V 11 - , 
------,.----------~=~----,-. V l l -~2 ______________ _ 
_______________ v J.J- i____ <:ind 1 
1---------__.--=----+-~R--=q5 _ ~ R, ( - 2 +------------:---=-
____ __..,_ __ __._.......___ __ --+-___,=-=--1 - 1 t...u:.Y. ~-- - P r tlh 1£..Q__+-------.,---

- 2 t ,u'.J,l_ ~2_ - Pa!'_, 11~~ 

------+--------....--Y.9.-B __ _ur..___ ____ --+-------==---

__.__ __ 
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1-3 PERFORMANCE DATA 

Type: 316B Ser . No. : zz 

10-21-59 

Freq. : 740 kc / 640 kc 

P ower Output: 10 . 6 KW a t 740 KC 
6. 7 KW at 640 KC 

Phant. Ant. 49/ j 16 
48. s I J 15 

MOD. MON. 

OSCILLATOR 

Gen. Radio 1931-A 

Hewlett-Packard 206A 

DISTORTION MTR. Gen. Radio 1932-A 

AUDIO 
FREQ. 

so 

100 

400 

1000 , __ 
5000 

7S00 

10,000 

PERCENT DISTORTION AT 
Z5o/e 500/o 850/, 950/o 

640 740 640 740 640 740 640 740 

. 5 .55 

• 3 . 27 

.zz . z 

. 5 . 55 2.4 • 7 j 4 . 5 ♦ 8 - ! 
3 .5 . 25 .4 l · • I i. z . s 

--,-

. 23 . 15 • 3S , • 35 ! • 8 . 4S 

.3 • 23 
' I . 25 . 17 • 45 r .4 . 8 I .55 

t 

i 

• 5 . 3 .55 • 18 . 85 • 75 1. 8 .9 

. s • 5 • 55 .6 2 . 9 1. 2 4 .0 1.5 

. 6 .55 . 6 . 7 • . 5 1. 6 5.0 1.9 

PROGRAM LEVEL (DBM) 

f 

95,S MODULATION 

30 
I 

/1.0 

CARRIER SHIFT AT 9So/, MOD. (400t.,, ) 

0 0/o 
... 

so I /2..0 I 
100 I IZ .Z / 

' 
400 I -,z: 9 -- I 

NOISE LEVEL -62 DB . 
BELOW 1000/o MOD. 

1000 / 3 
·I 
1 

S000 13 PLAT E HOURS 7 . 3 
I 

7500 /3. 1 T 
I• - - -

10,000 /3.3 

-----
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TYPE 3-16--B 

POV/£,'( '~ ~, I Pl 

METER 

10-2 l::59 

22 

AC L!NEVDLTAFl"J- b; - - -

~-c -----+-=22=5------ ~~ -_-- J_ ,,i c---= _ 230 230 I 

7~0 READING 640 

--P-LA_r_E voLTAGe _J____ 11 50 _ - 1; 00_ I 
ANTENN~ (.URR .. I_ -- - -
SCREEN (URR l_ 

-~ -
Pl.ATE C JRR, I 

TEST 1 ·-

1 -

14 . 5 Amp .!_!. 7 ~-

3 . 45 A . --~ 
_lQ_ __ 

JS 
28 

40 

36 

27 

--

8 

28 

26 

52 

46 

24 

22 

22 

36 

27 

14. 6 740kc - 49 /. j 16 
11. 7 640kc - 48. S. +j 15 

J 
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K CB S 

DATE 10-21-59 

TYPE 316B FA EQ. 740 kc / 640 kc 

I• 

' . ..., 244 ;g 2 245 

DAlVEfi f.:'t '/ i E ClRCl l f 
• ' I\' 

COM~NEN ~- r-- Df..5CRf PTJP~-- I 
L200 I -~--- 19 rt_t~f 15 SHORTED i 

-7· '• Q, fl n1:.. ..?:s.1.. 
31 

halG 20 for 740 kc ---i L22i __ __P_n_, _p U,U_, Mn 18 for 640 k.c_ 

C214 I QTY., 20(, ~'" 1
• 

6

C_2._.!_5 ______ J --- -
RA" PL..l\"fE. ~1 1-• T 
I L llO -- a t 7 40 kc 
,______ a t 6-40 kc 

L2'7 I -
L216 

ffiJ fi~L [ 
"?",!'; l ':) 
~ G~lo 

' . ' 

9 
4 - ~-

10 

12 

16 . l 

1000 

500 

17. 8 

--~2~? 
2~~ -..-..- -· 

I 

1000 

1000 
1000 Variable set approx. 

I 

I c2:15 2 l ___ _ 

{"' ~ 

Or 

18 db Feedback 

3 

Illid- range 

1000 

500 

2 

6 

SHORYED 
SHOfiTED I I 

SHORTED \ ( 

---
VMf. --- ---

MMfQ -------- --
MMfc ------

hMf0 --
MMt: 

MM~c 
i{IJMfr. 

t·t1MF .. 

• ANT f. N ~ ! ( 

r~S 'J~ ~ L: 

!H\f'L P01Ni 
OUNO 
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SECTION 3. PREVENTIVE MAINTENANCE 

Normally, the tranamltter air filters wlll require cleaning 
every 30 to 60 daya. In abnormally dusty elimatea, they ahould be 
.-laually lDapected every two weokes and cleaned if required. The 
filter• are of the permo.nent, washable type. Do not 4l1card f 
Never subject the filter• to temperatures above 212° F . Ob•erve 
the following clea.aing inatruction1 . 

1. Alwaya wash with cool, clean water. I£ coatlllg rem.ai.JH, 
a detergent can. be used, followed by a rinse. 

Z. 1£ it ia impossible to immerae tbe filter, accumulation 
may be washed out by using a fine ~nay ot water passed 
through the filter in a direction opposite that of the air 
fiow arrows. Direct the water flow from the cleaner 
aide to the dirty side of the filter. 

CAUTION 

Do not direct a high velocity atream of 
water against the filter. Do not disturb 
the normal distribution or the shredded 
material in the filter. 

3 . Gently shake water out 0£ the filte r . 

4 . Replace, with the air flow ar1·ows pointing iJI the 
direction of the ai?' flow o 

3-Z. ~n.ins of Va cuum Capacitors and Vacuum Switch 

The glaae envelopes of the vacuum capacitors and vacuum switch 
should be dueted with a. clean rag every 30-60 days or more often if a 
visible coating of dust appenrs on tb~m. None of these components 
will require removal for cleaninp. 

3-3. Cleaniug of Vacuum!~ 

The glass envelopes of .:?11 vacuum tubes. e::.tcept the Type 
4CXSOOOA. should be dustec ,vith a clean ra5 every 30-60 da.ya. 

The Type 4CXSOOOA tubes should be removed from their sockets 
every 30 days and inspected for clogged fins. If dust bas accumulated 
in the cooling fins, it can be r ~rnoved by dusting downward, opposite 
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3-Z 

to the direction of the alr now, at the base of the fins. The ceramic 
body of the tubo e~n be dusted with a clean rag. lf any film appea.rs, 
lt ca.ab• waahed with a damp rag contailling detergent. Never 
attempt damp cleaning of a. hot tube, howcvor. 

Ra.lee the telescoping air exhaust ducto over the power ampli
fier tubes once every week, and remove any particle• that may have 
dropped through. 

3-4. Lubrication of Blower Motors 

The Peerless blower motors arc fitted with two Alemlte grease 
nipples each. Each motor should receive an application of No. 1 
grade grease (Lubriplate or equal) at the r ate of one ounce every 
six months. In extremely hot climates, the frequen~ of lubrica
tion should be illcrea.aed to one ounce every three month• . 

3-5. Lubrication of Tuning Drives 

The drive mechanism !or th e p-a plate tuning capacitor, CZ31. l, 
contains two right angle drives which may accumulate dust. In 
general, these will not require any attention. However, a thorough 
maintenance schedule would include the cle".ning and greasing of 
these driveo whenever the powet' amplifier tube plenum co..-er ia r e
moved, which may be every 60 days for dusting and lnapection. 

3-6. General 

Although the performance a.nd reliability of the equipment may 
not suffer from dust that settles on shelves. coils, transformer 
cases ai,.d on the floors, a clean looking transmitter is more pleasant 
to work on a nd suggeets dependability to most observers . A general 
dusting and cleaning. when needed, is therefore advised. 

The transmitter finii,h ueod ineide and out is baked enamel. It 
can b a cleaned with any non-abrasive automobile cleaner. 
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SEC1'1O"'- 4 T.ROUBLE- SHOOTIT\G 

4 l R ctificr- Control Una 

T roubl AIR 1nd1cator lamp (aih to hgbt alt.hough bll1"" ra r 
rotat1nc in the proper di rocllon 

~ttm~dl - Look !or clogged air filters . clogged hn 
ampll!iet' tubes or chgged outlet. 1f lhe 
duet. check the adjuetmt'U!l oi :ur ewiic-b 

Trouble - Fila.menl.s of tubet1 f'ai1 to hght 

,n thf! pn w~ r 
re frt•e of 

·'107 ~ad Z04 

R O?ctdy • J! the AIR lamp 10 lighted~ eee that 11 P . A . F,lamont'' 
br•akor CB 103. and "B1aa" breaker CB 104 . o r a 
the "ON" po,dtion. 

~~ • 7500 •olt supply will come on but p- a t\tl>e d 1 a III no 
current~ 

RemedX • LOW 'OLTACE break.er CB105 has tYlpp d out 
R~tilorc 1t to ON posittor,. 

Trouble - 360 cycle hum 1.s audible on carrier .. 

Remedr .. Surge c:ontactor K202 has faL1ed to ope?'ah, Cbeck 
lhermist0\"8 RT2.01 and RTZ0Z. Short them {1ut as .ui 

emergen\!y measure and replace them l ter 

Tro1.1bte - 7500 ~ olt rectifier trip~ ofC ~t high perceJ!llagee of 
modula&.1on 

Remedy - Check the setting <Jf -reautors Rl04 Rl 0S, and R 106 
They should all be set rtbkc and should ba~e ab<>ul half 
of the re:Jtalor shorted out. Th1s will allow the pow r 
ampli{1er t11bes to draw a pproximately t,,.o amperes 
each before tripping out he 7500 volt rec:Hf1nr 

4 - 2 AmphC c,r tJn1t 

•rrouble - AU plate ,toltages are on but p-a. tubes draw "ory little 
cu!"renr and there 1s no antenna current 

Remedy - Check the operation of relay K.201 H it ! 118 lo close 
the r-f excitat1or ,,ill be remo\oed Check to fJ ~ that 
th-: crystal 1s osc1ll, tmg This can:. be ae ily dotie by 
obeen1ng the oocillator tube cathode eurrei-·t on o,,sl
tto 1 ot the TEST METER .U the cryatal osdJlator 1s 
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TToubl 

functtomng pro?eTly 
H ..,.,n1 ind1cat(I haghPr 

lhe merer w11l ind1c l e 10 
from 15 to 20 

II n t 

Cbecl<. the c1 I tor tub ZOJ lf lh rv t 
creased u net \:1t:y uomehme a hgh\ tao • th l,\fl 
envelope w11l start \t If I.his fatla holdt ,f' rT \' tal n 
the palm ot tbe band for about 5 mmute to • ,. ll 
Replace when c:ou-.. enient 

• Power outptlt from lranamiU.er 1s too bi 
though no adjustmeots have been. made,. 

lo• lo ... 1-

Rem dy - Measure the p-a s c ree~ '\I oltagc. It it h.11 d,.\l l1t&.ed n,ol',. 
Lhan ~ 30 "olta rep) ac de amplif'ier tube \ 710 1! l rouble 
perauta , check the operating \ oltages g in.at the c.-ha rt of 
typical readings Observe that regulator tnh~ "211 hns 1 

, ia1ble la ender glow. Observe that I-he p :1. r1,1 c:u r rcut 
(test meter po~ihon 51 hns not changed. 

TTouble - Unmodulated carrier has audible 60 or 12.0 t: yde hum 

Re~lt for maladjustment of hum balanC"e pc,tcollomeb•r R l ' 8 
ll should be set with the moving arm appro,nm te ly centered 
Fitle adjustment w ill ha e to be made with cl rsn1&t! i'lod d e
tortion. meter . lt 1s suggested that this adju tmc!ll be madtl 

whene,•er audio drwcr tube \ 207 is chan~•d 

Trouble: - Tra.osmlite-r is overmodulatod at normal Input level, 

Reme!!I - Look for burned out feedback rectifier tube \'209~ Loss of 

en: erall feedback w1U require an mput l evel l O lo 20 dh 
lower than normal for JOO% modulation 

1 · • Ceoeral 

Artiy trouble that may occur can gene1·ally be fow,d by companug 
the meter readtogs with the chart of typ1cal meter re~dh,gs or by ob• 
11ervahon o( the indicator lamps. As the operator h comes more 
lam1har with the c1rcu1try m1, oh: ed the sources ol tr<>ublt! will become 
ea:ner to locat:e 

If the preventi,i,e mamtenan.ce schedule 1s followed a11d a r cou.l 

kept of the tube operatmg time ery little trouble can b antic 1p:'\led 
Replacement hme for tubes c :.t be p.,.e<l1c(ed from the day to day m te r 
ind1cahons 0 which wi.ll re, eal their gradual deteriora11011 
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R224 

S104.1 

S102 

S103 

V205. I M202 V205.3 V205.2 M 203 

L217 

L218 

Ir.-----......:.. __ MB 201 

FIGURE 5-1 
AMPLIFIER UNIT, FRONT VIEW 

wigfi
Stolen 2 Line Transparent
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S203 

OSC.# I 
OSC.# 2 

- R227 

RT201 
a 

RT202 

R228 

R2 38 

R239 

R240 

L214 

TB201 E201 

FIGURE 5-2 
AMPLIFIER UNIT, LEFT SIDE 
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C216 
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. .- . 

o ■ 
C 231.1 

I 
K204 

R263 

R261 

R290 

R29 I 

R292 

R293 

L215 

FIGURE 5-3 
AMPLIFIER UNIT, RIGHT SIDE 

TB204 

C242 
C244 
C245 
C243 
C240 
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C 230 

CR202 
CR201 

K202 R251 

II .... , .•. 
R295 

T203 

'-' 
R 296 

C250. I 
R298 

T202 

C250.3 MB201 

T201 K203 

TB202---;.. __ 

E204 S205 E203 E205 E202 

FIGURE 5-5 
AMPLIFIER UNIT, LOWER PORTION 
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