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DESCRIPTION OF THE AUDI O PILOT 

for BROADCAST AUTOMATIC LEVEL CONTROL 


Purpos es. 
The Audio Pilot has three purposes in a radio broadcast system wh i ch are 


described below: 

Maximum Modu lation: The primary purpose of th e Audio Pilot is to provide an 


audio modu l a t ing voltage to the radio transmitter whi ch is, at all times, the very 

max imum the sys tem limits can accept without violation o f the limits, and c onsistant 

wi th the ultimate for maximum intelligence and the highes t degree of desirability 

for a ll material transmitted . 


Prevention of Overmodulation: The s econd purpose of the Audio Pi l o t is to pre

vent overmodulation at any time , regardless of the nature or intensi t y of the t;",ave 

form transmi "tted. 


Automa tic Control: A secondary or third purpose of the Audio Pilot provides 

exact au t omatic level control regardless of errors on the part of the control 

board operator or the l evel characteristics of the or igina l material. 


I ns t a lla tion. 

The Audi o Pilot t akes the place of the limiter, compressor, and a ny othe r 


l eve ling dev i ce used in the system. It may be install ed at the studio or in the 

transmitter l ocation , but it is s li ght ly preferable to install it at the transmi tter. 

Brief Descripti on of How it Works. 
The aud io input, after passing through the input matching transformer, is split 


into three channels for processing : the through pilot modulator channe l, the intern<Jl 

limi ter channe l, and the ac tiva t or c hannel. 


The Through Pilot Modu l ator Channe l: The t hrough pilot modulator channe l con
s i sts of a balanced modul ator and a final balancing output s tage. The input a udio 
i s modula t ed in the pilot modulator a t the pilot voltage control rate. The pilo t 
modulat i ng contro l 'voltage is compl e t e ly balanced out of the output, l eavi ng onl y the 
original audio, but with new amp litude characteristi cs in accordance with t he pilo t 
modu l ating voltage. 

The In t erna l Limiter Channe l: The interna l limiter c hannel has interna l c harac

teri stics somewhat typical of a s t andard limiter. I ts audio output i s rectified, 

spli t and f ed into the integra l control amplifi er , and differential contro l amp lifier. 

The integral control amplif ier has two outputs of Slightly different amplitude. 

Number one output is used to produce internal limiting. Number two output (slightl y 

different from t he number one ou tput) contains the integra l part of the pilot modulat

ing voltage . It differs from the number one out pu t voltage just e nough to produce a 

perfec tly flat output c harac t eris t ic , rather than tl1e ri s ing c ha rac t e rist ic of the 
int ernal limite r. The diffe r ential amplifier passes rate of change vo ltages to makc 
up the differential part of the pilot modulation voltage. This circuit is instanta
neous so as to ca tch any loud surprise or spike puls e audio voltage, a nd wi ll decay 
instep with the intergrating Circuit risco A second des irable character i s t ic derived 
from this integral-differential combi nation control ci r cuit is that gun Shots , record 
pops, or any sudden clap noise wi ll not punch hol es in the program. 

The Activator Channel: The activa tor channel produces two modes of ope r ation 
of the intergral control circuit: active or rest. With no a udio input (audio l ev e l 
be l ow a preset value of ·approximat e l y -35 dbm) the Circuit goes to r est . In the rest 
pos ition the ga in c hange is very s l ow and seeks a low resting value. With audio i n
put l evels above the present l eve l, the c ircuit goes to active. In the active pOS ition, 



gain time release is more rapid and the gain can reach high values with a low l evel 
Signal input. The input audio to the activator channe l passes through a 60 cycle 

~ br,dge notch filt er so that 60cycles by itS se lf cannot pass through to operate the 
activator circuit. The purpose of the ac t ivator circuit is to prevent noise pumping 
during silent periods such as between words in a speech program, or during si l ent 
pauses in music, and to set the gain to a closer ready to go position for future audio. 

Specia l Features. 
Proof off-on and Proof Gain Control s: With the proof s~iteh thro~n to on, a ll 

au tomatic control is di sabled and the c hannel gain is controlled by a manual control, 
and the gain is read on thc gain meter. This serves two purposes: onc, it simplifys 
the running of an audio proof; two, it gives a method to make a direct compari son 
bet~een sound produced by the automatiC control against the original sound. 

Recovery time: Recovery time is continuously variable from s lo~ to fast. This 
a llows for a setting which best satisfies individual broadcaster needs. 

Balanc ing: The unit contains circuits to test and balance tubes over its com
plete dynamic range of operation. 

Leveli ng Characteris tics: A flat l evc l characterist ic is bclieved to be by far 
the most desirable. This unit is capab l e of any level characteristic; thus if the 
l eve l characteristic of any older type limiter, c ompressor or a new dreamed oE charac 
teristic was want ed, the Audio Pilot could be adjusted to such a characte ristic. 

Float Clippers: With the instantaneous flat characteristic of the Aud i o Pilot, 
floating clippers become workable and desirable. The clippers float jus t above the 
100i'. modulation pOint. Then the negative float is weighted to cause a slight sink . 
The process is used to further increase modulation power, without over modulation, 
and with absolutely no noticable distortion when switched in or out, but with a not ice
able increase of audio level. 

SpeCifi cations. 

Fre quency response: ~ 1.0 db 30 to 20 , 000 cycles 

Harmonic Distortion: below .3% at all levels 

Insert ion system gain: + 10 db 

Input level: 0 dbm 

Output level: +10 dbm (maximum +20 dbm) 

Useable gain change: 40 db 

Input and Output Impedance: 600 ohms 


Fina l Results. 
Covcr3ge: For AM stations coverage is conSiderably increased a nd the. outer 

limits are more definitely fixed. Clos e in service is improved where there is 
excepti onal ly high noise leve l from neon signs and etc. 

Vo lume : News casts and other speech material contai ns more inte lligent infor
ma tion and are therefore eas ier to listen to .. 

Desirability: Here we have a new conce pt for audio broadcasting, that al l 
audio regard l ~ss of its original dynamic l evel , shal l be passed through the system 
at the maximum level the system is capable of handling. Without direct cxpcricnc~ 
with thi s concept, the question (what af fect does this technique have on the dynamic 
e ffects of mUSiC, particularly claSSical mUSic) should come to mind . from many 
hours of experimenta tion with many people, I believe the maximum level concept for 
broadcasting is more desirable to l isten to than the normal or mod ified concepts 
nov] in usc for several reasons, but the logical way for you to decide upon these 
findings is to hear your favorite musiC played through an Audio Pilo t system. 
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AM MODULATION PROCESSING - PRODUCTS AND SERVICE 

Explanation of the Purpose and Scope of this Project. 
The Products and services explained in thi S paper are for the purpose of enhanc ing 

the AM modulation process s o as to deliver to the receiver the highes t qua lity of desir
ab l e audio pos sibl e 4 The objectives are to ex t end the outer limits of useable service , 
to overcome man Inade interference, to provide a more pleasing sound , to produce a more 
dynamic appearance compared to the present process or competition, and to increase the 
general intelligence transmitted in order t o make li s t en ing eas i e r. The obj ec tives s et 
forth are accomplished in six itemS of produc t s and servi c es as described i n the remain
der of this paper. 

The Audio Pilot. 
The Audio Pi lot i s a product designed to provide automatic control of the audio 

level f ed t o the transmi tter. It uses a new concept for broadcasting: the audio l eve l 
fed to the transmitter is always the maximum the sys t em peak limitation will a llow . The 
level is controlled so exact, over modul a tion will never occure . The control board oper
ator can not make gq in control errors, nor is the level transmitted dependant upon the 
leve l characteristics in the original material. 

The Linearity Correction Amplifier. 
This is a product designed to correct for' nonlinear i ti es that occure in the trans

mitter audio and modulation process . It will extend the lineari ty range of the sys t em 
and reduce audiO . distortion of the overall system . The unit also provides for negative 

-
clipping and c l ip rounding so tha t maximum advantage can be taken of the ex tende d positive 
range. A secondary purpose of the LCA is to a ll ow the using of old transmitter power tubes 
[or many thousands of hours longer than otherwise. 

The Response Network. 
A flat response i s not the most idea l to achieve the obj ect ives set f or th. fre quen

c ies below 100 cycles are seldom heard in AM service. To transmit frequencies belo\v 100 
cycles results in the usi ng valuable amplitude modula tion space with a very sma ll r e turn. 
The network maintains f lat response down to 100 cycles, then filters out all voltages 
below 100 cycles, and provides for a sli gh t boost between 2500 t o 4000 cycles. 

Antcnna Load Correction. 
The antenna impedance is usually no t a constant resistance load for plus and minus 

ten kilocycles each side of the carrier, and consequently some r-f sidc band power i s 
l os t and can not be made up or compensated for by any other process . This scrvice con
si sts of measuring the band response of the antenna sys t em network, designing and instal l
ing compensating elements t o the tuning ne twork to provide a cons tant r esi s tive l ond for 

Jthe pertinent bandpas s. 

Carrier Shift Correc tion. 
Negative carr~ er s hi f t in an AM transmitte r res ults in a decrease in demodulated 

audio po~er in the receiver, which i s proportional to the square of the carrier shift. 
As the P.A. tubes age, negat ive carrier shift increases. Carrier shift correction is 
accompli s hed by adding to the transmitter a small modulation dev ice capable of positive 
pulse modulation with a shift of the DC reference , with modulation capac i t y up to about 
ten percent. 

..... facility Service. 
Usually some or consi"derable improvement to an exis ting broadcast stati on can be 

made by bringing all system equi pmen t up to its highes t standard of perfonnance in the 
following areas: overall frequency respons e, distortion, carri er sh ift, modulation cap
ac ity and se ttings, P. A. ef f ec i ency and antennB tuning, and miscellaneous itemS. 

I 
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DESCRIPTION Of TILE AUDIO PILOT SYSTGI 

Primary Purpose .;; . 

The 1I~'\ ud io Pi lo t n pCrfOr1l1S seve r o l vita l pyim£lry functions ~ll'l<.l ~ LvLr.\l 

e xtra $cconcary functions for 1~\ 1 b]~oadcas ting systems . The primary pllrpu s...::. :;-; 

are nm.; listed belm.,1: 

(1) To procluc(,.~ lh w 1 11~\~ lmllm 11\0dulDtion carrier envelope pO\-.1(~r on a 

s tandnrd N-1 broadcos t tr41fls mi tt e r for any given progr.1m rna tcri.:ll inordcr t o 

provi de the grea t es t poss ible cove rage. 

(2) To improve the inte lligibility and d es irability o f all program 

rna t e ri al. 

(3) To provide th e mo s t desil-ed automati c balance bco.,1een v41ri ous 

types of program materi a l s uch as be twe e n music to speech, entertainment to 

commercials, telephone conversations , a nd etc. 

(4) To correct for a n y ga in riding error s that are fed into the system. 

(5) To preve nt ove rmodulation at all times and at any instant. 

Secondary Characteristics . 

(1) Th e gain deactivates during silent or redun(bnt pe riods. 

(2) It will recog nize Dnd e nhanc e r everbra tion. 

(3) It will no t thump, pump. click, pop, swish, or m(1l~e hol es in th<.:: 

<:ludio duri ng gain .:lttZlCt periods . 

(4) It will Dl.lt omatt ca lly correct for trnnsmitter eh~1nge s ove r .:l s hort 

or l o ng period of time . 

(5) Response correction gives a more live sound. 

(6) J\udio f ee d to tr;]nsHli.l:.te r 15 a1..1l:0111al:ic~111y shut cl o \Jt1 l.n ::l:nnl.::lllcoll :;ly 

If the r - f cnrrier L.:l11s J .:lnd r eturns "ftey carrlcr rC' ~lppe<1\'~ s. 

http:progr.1m
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DCSCR lrTIO~ (Co ntinued) 

I)cscrirtion of th c l'rocl.·ss . 

fir!:it the fl" cq uc ncy re s ponse is s lightly altere d t,) be tter fit Lh ..... /\:-'1 

trans mission proc e s s . ~tid-hi g l1 frequ e nci e s ore s li g lltly L Illpl,a~ izl, J ~n J LI" , 

l ow 1m.) fr (2 quenci c s Zlrc cut (all \vithin FCC limits [ o r 1\,\.1 brondc.:1sting . 

The s e c o nd proc e s s involves a s ymme trical wave analysis and line r<-vL.rs ing. 

The audio i s fed into the asymme trica l voltage g e n .::o rator £lnd symme try Lln.:.llys .:. r. 

If the s ymrnetr y is not c o rre c t for AN modulation and gain controlling , th L input 

audio polarity is immediately reversed. If s ymmetry polarity is corr .:-ct. n o 

switching takes place . 

The third process is a precision A.C.C. control system . This ~j t J.ge hdS 

ex treme ly fast <:"Ittact ch.:1ract e ri s tic s . The output i s cons tc1.nt over i1 70 db r.:lngc 

of input) but £lmplificdtion does not increase on no or r cdu nd o nl: s ignals, due to 

the actival:or sys t em. Recovery time is c o mplex: depe nding upon th e T'l.aturc o [ the 

program material, be ing fast f or snilpPY loud mDt e rial and 510\') [ o r susl.:ained ~:.()f t 

ma terial. 

Th e fourth proces s is 3 preCision gain control sys t e m that opcr£lte s 0[( o f 

the information derived f rom th e r-f modulated e nvel o pe . Thi s nCCllrntely s e t s th~ 

ga into fit the nega t i v e trough requi remen ts 0 f the trClnsmi t tcr . Recovcry t j 1\1(' of 

thi s system i s slow and a function of th e activator. 

The fifth proce ss is called floDt clipping. Due to the prior as ymmel.:ric;ll 

wave switching, the negative peak is now the flatt e r peDk and vcry precisely 

controlled in a mplitude. This will now a llow for a furthe>r ncg ~l.:iv c \\'nve Sh~lp ..' ning 

proce ss withollt ~Jdi~g apprec iable di s t o rtion. Thi s process sholl i d nClt be ll S~d i[ 

lhe a:'~yrrnne tr i cal .....C1VC: s wit c h 'ing proc e ss has not t a kcn pl '-' cc first. Thi :-> !h ~I, <lljV ' , 

floC1t cJipping process in ils s oc inlj o n wjth th e [tsymmc l.:ri c nl h':.lVC s \"ril.:ch .....'r (,,It! 

over [lny other. "; OOWll n i l; t.:hncl.' 

http:constc1.nt
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DES CRIPT10N (Colltinu~d) 

Should the transmj L:L: cr r - f carrier feli l, th e i.l u d i o [ cL(ling t h ~ : tr:lns1\\ iL:t\.' r 

i s ins t<1ntl y shut ciohon > \..o'hi c h p r uL:ec t s the trnnsmi tt e l- .:lud io c ircui t s , (t lld ,111 0\,' ", 

f o r an easy r eturn to the .:t ir. 

Co ncl us i on . 

The audio p i l o t processes tire r c::s po n se corr ec ti on, asymmetric"l \..o'D V\:, 

ana l ysis a nd S\vit ch ing) precision A .G . C . control, r - f c nve l ope negative troug h 

control, and f l oa t c lipping . Th is g ives the mo s t complete At'-I br oadcast ing r-f 

e nvelope contro l knQ\vn . 

. I 

] 

I 
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PERFOl<"!At·ICE SPECIFlCATIONS FOR Ti lE AUDIO PILOT AP-J 

Fr~q l\ c n.c y R<.' spon cC": FL:.1L"! 1 db bc l.:\,.,cc n 50 Hz i;.lnU 15 kllz. 

I!armonj c Dis t o rti o n: 3..::::. 1m.; l C/ [ o r all c o nditi ons of opera ti on.o 

No ise Lev e l: 	 13e 10\.. -65 dbm a t norrnDl gain. 

Input Leve l: 	 -2 5 d b." to +10 dbm. Lo" pass ages may be a s 10" as -50 d b," 
f or full l e v e l o utp ut. 

Output Le v e l: Operate at +10 d bm. Can de liver up t o +25 dbm "ithout 
e x cee ding the 	 d i s t ort i on r a t i ngs . 

Input a nd Output Impedance: 600 Ohms Balanced . 

~!aximum Cain: 75 d b. 

Att2C t Time: Ins tanta ne ous 

Re c ov e ry Time: Le s s tha n 6 Nilli s econds for s hot 3t t acts . 
1 to 6 seconds f o r 5 us tnining m.:tterial. 

Re v e r se Switching: Less than 1% undesirabl e n symmetr ica l \.;3VC continuolls 
f o r 100 Milliseco nds . 

Au t omn ti c ou tput l e v e l c ontrol : Controll e d on the negative r-f trough. 

Line Vo ltage : 11 7 v o lts ~ 10 % 

Li fie Cllrren t: 	 1.8 Amps 

http:3..::::.1m
http:Fr~ql\cn.cy
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INSTALlATION 

The ins tallation o f th e " Auelio Pilot" into a s t a ndo rd AJI. bro<'H1ca s l:. 

sys t em is relntively simp le. It comes compl e tely <:IsscntblcG in [t 36 inc h 

r ack. If the station has 36 inche s of ra c k spDce , thL' unit con be YL'nlo VL'd 

[rom the provi ded rac k and re-installed in th e station's rac l<; o thcn.l i sc , 

<:Ill th[lt i s ne eded i s t o pLlce into pos iti o n the: provide d ro ck . It P1ucis 

into s tanda rd 117 volt 60 cycle pOI,er. 

Input: The input audio i s 60 0 ohms balanced and usually \.) ill come from 

the s t o tien' s contro l bo<.:!.rcl. No other type o f automatic g<:lin c ontrol device 

should be l e ft in the system. Input ca n be from a phone line in t h e case o[ 

r emo te control, but input penk l evel s hould not be les s than -25 cibm. 

Output~ The o utput is usually connected into the transmitter. It c un 

feed a phone line, but if the audio pilot is located at the studio, a r-f 

amplifier will be needed if the r-f c ontrol fenture i s to b2 us e d. 

R-F Inpllt: R-F input is connected ba ck into the sampling system of the 

trangmitte r. In many cases it ean be conne c t ed directly to the modul:1tion 

mo nitor r-f tenninal s . If thi s does not give enough r-f leve l, or if th e 

modulation c.:lrrier me t er is pull ed down too low, a separote r-f s.:lmpling \Ji ll 

have to be installed in the transmi tter. 

Power Change Over: Power change over f or th e inserted r-f l evel h.:.ls 

been provided . If: the s tation opcr.Jtcs with a diff e r e nt pmv-er ni g httime tha n 

dnyt ime , a connce ti on ShOl11 cl b e mad e to the transmi t teY lO!d vo 1 tClg c ~~ol i noi d 

from the r-f control uni t 1)l1-3j) Dnd the proper volt:1[';C' r c l;IY plllr,~'l ...~ d into t:he 

relny socket. 

'- 
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TIlE AUDlO HLO'l' 
To place into operation 

loor tl'ds ins\:n.lctiun it is 4l :-;Sl..IIHCd th.:"lt: the fnctory fixed [l C\ jlls t:llk'nt::-.; 

a re made and that the reader is prepa ring 1.:0 place th e "ALIdio Pilot" int o 0pcTi.:II.:i on. 

Start: S tart by chc cldng to sec that s\"Ji tches [lod c on t rols arc in th ..; [ ullmd n t ', 

positions: 

1. Input - off (ccw) 
2. Outpu t - off (ccw) 
J. Activator - full (cw) 
4 . Clip - off (10ft) 
5. Float - Hinimum (CCIO) 

6, Range - Minimum (ccw) 

7. Re covery - !-Hnimum (ccw) 
8 . first Control 56 1 - Position 1 (ccw) ( j 
9. Second Cont r o l 572 - Position 1 (ccw) 

10. A-F, R-F switch S7l - a-f 

Input: Feed typical program material into the input. Increase the 'Input" 

control until there i s a r eading o f 0 db on the first ga in contro l metcr. If 
J 

thc input control is below the 9 oeloel< position, increase the value of the fixed 

plug pad Pad.13. 

Reversing: The next operation i s to determine the correct setting of th e 

"Rever s ing j , sw itc h. With al..ldio pl aying into the input, as pe r a bove, set the 

output to approximate ly 85% positive p eale modulation as indicated on a moduL,tion 

monitor o r oscil loscope . Set the "Float Clip" control to [IbOlIt th c threc oclock 
R 1011, 

position. Switch thc "Clip" switch to on~. Observe the moduLntion monitor 

or scope f or pe ale ampli tudes. Then reverse the "Reversing!! sv.' itch . If the 

positives peaks of the modulated env elope inc rease , the swit ch ha s noW been 

plac ed into the corre ct position; if h owcver , the positive p CD.ks decrc<.1sC', 

return the reversing switch to its origina l position. The original position 

is thc c orrec t position. (\JAIININC lle sure this s witch is not throlm in the 

wrong pos; tion, or the mod ul (l. ti on l evel wi II not Come up to o ptImum pcrfonll<,nc(' ). 

Now t urn off the c lip switc h for the fo ll m,1ing [tdjus tnlC'nt s. 

I 
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Ou t put; Nmv to adjus t the "Output ll control, .s et the OLltput contrul U" 

give nega t i V0 modu I n t i o n ver y nea r to lOO/Q. Th e 2nd contra 1 mt:: l c y .s h o ul d be. 

r eading appr oxi ma tely 0 db. 

R-F CClrri c r: Adj us t the IIruning" f o r a pe a k rea d ing o n the r-f m0 t~r , 

and a dju s t thc loa d to r e ad . 8 o n the s ame me ter. 

Perce nt Nodulat i on: Set the "Pe rce nt Modulat i on" c ontro l t o 987~ . S\v' itch 

the " A_F R-F" 5\-1i t c h to the R-F po s i tion. The re s hould be no noticablc change:, 

but you are now on r-f c ontro l. Se t th e "Pe rce nt Modl!lat ion" contro l to the 

exact d e sire d nega tive pea k modulntion. 

Floa t Clip: Turn the fl oat c lip c ontrol t o full c cw pos ition and s witch 

th e "Clip" switch to on. Now slowly increas e th e "Float Clip" c ontro l. The 

negative pe aks will r e main c ons tant, but the positive p e aks will begin to in

crease . On a g ood a udi o speaker monitor li s ten t o the signa l and incre as e the 

"Flont Clip" c ontrol until you c an jus t hea r di s tortion. Now back o ff t h e 

contro l to a s af e s ounding point. This s houl d occur be tween 1]0% a nd 120 % 

depe nding up o n the c ondition of yo ur t r a nsmitter. It may occur c lose r to 100% 

if the trans mitt e r is not capabl e o f more than 100% posit ive modulation. 

Activa tor: F o r 811 of the above adjustme nt s , the "Activator" c ontrol 

s hou l d h a v e be en f ull cw pO S ition. No w stop th e input audi o . Close all contro l 

boa rd ke ys and o pen only the main anno unc e micropho n e ke y. If YOll Cl rc i n the 

CO:1.tro l r o om with thi s mi c ropho ne, you n e ed t o be q uite . Tur n b,'1 ck th c '::l c tiv.:lto r 

ga i n until th e re s t li g ht come s on. This i s a go o d pl.ace t o s tnTt. Furl:.h.,,) r 

op e rati o n experi e nce will t e ll y o u eXCl ctl y wh e r e t o se t the HActivn tor" control. 

Range and Re c overy: Th e r.::1ngc contro l se t s the .::1mount of m£l nu:tl rL"c ov e r y 

r;tng e. The r ecove ry contro l s e t s the rnt e o [ r ecovery fo r the tn.nnua l portton 

o f l:he r e cove ry o peral:i.on. Set the s e c ontrol s from e xpc rjcne e tu lk ' s t ftl: y our 

ra nge and recove ry need s . 

; 

http:operal:i.on
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LIST OF ALL CONTROLS AND S'<!ITCIIES 

AND A BRiEF DES CRIPTION OF TIlCIR SLTTl I<GS 

ln put: With rincoming i..lUdio signDl, adjust to give 0 db rL:Clding on Lh..:: l ,::; t [j.:1in 

me ter \.Jhen zero VU is being ((;: d into the s y s t e m. 

OutP1.1t! Adjusted to give a 0 db r eading on the se cond gain me ter \.JhL.:l\ S7l is o n 

the r-£ position or t o g ive 98'i., modulation \.Jhen 571 i s on a-f. 

Ac t iva t o r: Adjust s o that t he syste m g oe s from r e st to active or visa v c r SD a t 

the de sire d l evel a s de t e r mined by the active-res t indicator li ght s . 

He s t: Turn o f f the input to the Aud io Pilo t. I3e s ure the r e st light.: i s on. 

Adjus t the "Re s t" gnin c o ntrol to the d e sired value of gain, approx i mate ly +6 db 

average on the gain me ters. 

Hax: This control s e t s the maximum ga in you '.Ji 11 ev e r want the system t o 

produce ,: , Us ually thi s i s full c'1, bu t it Can be cut ba cl< i f y ou desire l es s than , 
full gain on yo ur 10\.Jes t pa s sages . 

Rang e and Re cove ry: See description unde r "Operation" page JJ. 

1
t.

Manual: This c ontrol i s only in the circuit ~hen S61 and or S72 are on position 

S. In chis cas e it i s u s ed f o r r unning proof of pe rformance, or in the tuning process 

of b[ll a nci\1.g th e V. G. Stage s. 
I 

lla11K' [, P. 

l .. Turn off inp u t audio. 
2. Set o s cillato r control to position 1. _ ~ 0 

J. Se t con trol 1 s"itch to pos ition 5. (Manual) f2;?C 
4 . Set c ontro l 2 switch to positi o n 4 (Rc st)r,;;;:d s e t to 0 db on gain 2 mQtcr. 
5. Turn rnam.lal gain to 81ve a r eading of +lS db on the f s t gain control me ter. 
6 . Observe o utput on .:1 s ens itive output monitor o r me ter. 
7 . Adjust. K c ontrol [ o r <.1 minim1.1m in the monitor. 

8 Adjust" Manual" c o ntrol L: o now give a 0 db reading on the me ter. 

9. Turn P c ontrol f or a min~mum in the monitor. 

10. Go bacls and f orth bct~e en steps S ,7,S,imd 9 until the tone is a minimum 
' ove r the r<Jf\ge o f g.:1i n s e tL:ings of the manuCll contro l. 


II .. Hel:urn, the "0s c;:illato y'L:o the w[tnn or 0[ [ positi on. 

12. Sc; t the "P..es t lt c o ntrol bncl< to whl>rc iL: be l ong s [or norma] o p C' Y:lL:inn. 

lla12K &. p 

1. Switch S6 l to pOSiti o n J ~ ([)s~ -e, fJ"~ \\l';Q "4
2. Swi t c h 5 72 t o "N.:tllu ~ I1" (Po ~ il::ion 5) . 

J. Follow l.:hc s enne: pro cTLdurc .:-I S g iVC' J\ nbove [ o r Hal 1. K lY. P fr om st ..:: p .5 on. 0.:) 'C.J-ld 
. ~"'.rt ..... u I GCI " V 

~l'<..-t-< r, 

I 

http:minim1.1m
http:OutP1.1t
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'ltCIlNi cAL INSl'tWc't16NS t'Oi, ADJUS'rMEN'rS 

Field Setting. Rnd Fa c t o ry Sc ttings , 
All conl~o l s witl, sha ft l oc l(s wer e or igina lly set at the fa c t ory. I n the field 

the y sho uld be ad justed o nly by personnc l wit h a full under s tanding of its opera tion. 
The c on trols with knobs arc adjus ted t o fit t.he indlvidunl s t3ti on l s operati ona l n (;u.ls. 

Rep l aci ng and or Ba l a nc i ng the 6SK7s. 
(\..Jarn i ng: Do not r e movt: mo re than o ne 6SK7 at a L:ime while the powe r is on d ue 

to the ri s ing c haracteristic s of the D.C. filament supp l y. If r emoving the 6S K7s [ or 
t es ting in an ex ternal tube c hecke r, do not mix them up, but r ep l.ace eac h tu be in the 
socket f r om whi ch it came.) 

Test ing the Emmi ssion of eX isti'1g tubCE : Norma lly it will not be nec essary t o 
test the 6SK7s in a ny external c hecker unl ess l ooking f o r a tube interna l s hort 
c ondition. To t es t for e miSSion swi tch " Func ti on 1" and "Functi on 2" on pOSi tion 5. 
Turn . "Manual" contro l ful l CWo I f contro l meters go above 20 db~ tubes arc good . 
They can be us ed until they fall s hort of 20 db, pOS Sibly to 15 db. 

Test ing for bal n nce : Good ·..ba l a nce is v ery i mpor tant for th e control s t~ges. 

The only e qui pment needed to te s t f or balance is a me thod of mon itoring the A- F o ut
put . This method C3 n be e ither headpho ne s, monitor a mpli f i e r 6ml'-1:-:i:f1:e~ with s peal\cr , 
audio voltme ter, or an osci llo scope. 

To bal a nc e or te s t the balance o f the fir s t control stage , proceed as follo'l.I15 : 
(1) Turn " In" (input) off (ccw); ( 2 ) Swi tc h " OSC " to pos iti o n 3; (J) S,,;tch 
" FUNCTION 2 " to po si tion 4; (4) Sw itch "FUNCTION 1" to posit ion 5; ( 5) Se t " HA NUAL" 
control to give D r eading of 15 db on "1 s t Con trol Gai n" met er; (6) yo u wil l no\,.' h CD r 
[i s li g ht tone , If you need more ga in to hear it (better) turn up the "REST" contro l or 
even the " OUTII (output) con trol, If you have ex ternnl gain controls on your indica tor 
use it so as no t t o di sturb opera ti onal settings. (7) Now , adjus t " K I3AL 1" for 
min i mum t onc ; (8) Set 1I ~1ANUALIt contro l to g i ve a readi ng of 0 DB on "1 s t Control Cnin" 
meter; (9) Now, adjust "P DAL 1" for mini mum t o ne; (10) Go b<lck t o the 15 db set ting 
and readjus t "K IlAL 1" for minimum; (11) Go back and forth sev era l times until both 
se ttings ag r ee ; (12) If e ithe r balanc e control is nea r one end of its rotation, it 
13 sugges ted that you try a nothcr pair of tubes and re pai ring them until you find th c 
best balanced pair. 

To ba l a nce or te s t the ba lance of the second contro 1 5 tage , procecd DS £0110\115 

from the above conditions: (1) Turn "HANUAL" control off (ccw ); (2) Switc h " OSC " 
t o position 4; (J) Se t "REST" contro l to g ive a me t er reading of 15 db on "2nd 
Control Ga in ll meter ; (4) Yo u \vill now hear (sec) a tone; (5 ) NOh!, adjus t "l( J1'\L 2" 
fo r minimum .tonG; (6) RGse t "RESTI! c ontrol to give a 0 db meter readi ng; ( 7) No\,J, 
adj\'lst np llAL 2 " fo r min i mum tone ; (8) Go back and forth as you did fo r stngc one , 
rcplaci ng t ubes only if nGccssa ry, in the same manne r as fo r s t age o ne. 

When fi ni shed , switc h "ose tl bil c k to position 1; Sw itch IIFunc tion 111 to posl tion 
1+ ; Adjust IIREST II to the o per(1. ting condition; Sw itch "FUNCTI ON 1" ba ck to position 1; 
Switch IIFUNCTION 2 " back t o pOSition 1 (i f . you arc u s ing R-F c ontro l ); Turn III N" ilnd 
II OUTII controls to the ir normol oper<J.ting positlons. 

I 
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BALANCED 6SK 7s 

The f~mtly ch a r a cterlctl c curves of tubes Vll and V12 

need to he nea rly ider\tic~l innrder t o obtain exccllant ove r 

all Qyna~ ~. ~ ~~l~n cc . .The same is true for tubes V21 and V22 . - ,, 
. ~Some audio pilot owners have purchased as many as six tu be s < 

end not found a r05-ll:\, good ove r a ll balanced pair . At ou r lab . . ' ,, 

" e purchase 63K7s in larger lots and then pai r them off in a 

balancing machine . He therefore hav0 nearly perfectly balanced 
i 

psi rs of 6SK7s for use in the audio pi lot . ' These balanced pai rs 

:lre available for a udio pilot Ol·mers at only slightly hi gher 

t han regular prices. 
, , 

\....

.. , 

" 

" 



IJ:l g ~ · _ '3 ') 
i\ l'_L~ 

12/6/66 

SETTI NGS ( Continued) 

filll 3 K. 

1. 	 Co nne:c t a.udio osci llato r on the inpit a nd a d i s t o rti o n meter o n th e 0 u Lp ltl.:. 

2. 	 S\.;ritch S61 .:lnd S 72 t o position"S. 
3. 	 Set 1I~la nl\aIJl c o ntro l t o g ive +20 db output (Output Pads o u t) 
4. 	Set oScili[ltor for a 50 liz signal. 
5. 	 Set 13a.1 3 K for mini ;~lUm distortion. 
6 . 	 If you wish t o skip t his adj us tmant~ sat th ~ 3 K Bal contro l ill the li l id Position. 

J'~l/1lrld:i: ffi~he ba-l:if?1ci ng ~",,"u.n'.l''''''--'>'''''1ItHlIm c on t r o 15 ( o r 11l i nJrnuiH 
o n cyi'e~tiV\?~~ t 'ffiotli ~ Ta lk.-e- e 1 \lii th each u<=c.<-a-l--rrom tnL: mi d pos i ti o n. 

THRESHOLD l: S e t "Thres h o ld" 1 control 50 as to give the prope r l ~v..::: l a s indic~1 ted 

by 	 the 2n d gain control meter. Be sure A-F R-F s witch i s o n the A-F posi.tiun. 

THRESHOLD 2 : Set th e "A_F R-F" s l.;ritch t o A-F. Set "Thre shold 2" c ontrol 

l.o 	 give +20 d bm output levcl \~ith n o pads c o n s i dered in the output c irc uit. 

A-F R-F S"H ch: On th e A-F position the o utput l e v c l i s e ontroll cc d by thc 

negative peak s of the Dudi o output Have . On the R-F Posi t lon th e o u tput level is 

('oT1troll e d by the negative trough of th e modulated envelope. 

Contro l S"iteh 561: 

1. 	Normal O~eration. 
2. 	 Special mod e of operation (All control comes from the OUL,·~ t). 
3. 	Shuts d m.)n the fir s t stage for aiding in ba lancing the s e c ond stage. 
4. 	Rest) for adjustm~nt p ur poses. 
5. 	 Nanua l, f or adjustme nt purposes . 
6. 	With no Signal inpl..lt ( system at re s t) read me ter. Switch t o pos i tion 6. 

Read meter £lg.:lin. It should be the s[lme r e nd i ng. If it is n o t, the r e is 
a l ea ky contro l diodc ~ tube. or condenser. 

Control Swit c h S 7 2 : 

1. 	Norman Ope r a tion. 
2. 	 The s l ow fixe s opC'r~ti on sec ti o n i s switched in. 
3. 	 The fust recov e ry rD.nge section is switched in. 
4. 	Rest. 
5 . 	 Manual. 
6. 	 Leak te s t. 

Os c illator Switch : 

1. 	Off. 
2. 	Wmln. 
3. fin] 1st s t Dge . 

lof . Bal 2nu s tagto: . 

5. 	S\.JiL.:chcs os(.;i1.1:-.cor into n ctiv[l t or BO <:1 $ to produce ~1ctiv[lti o n t.Jith no 

~ xtcrn.:ll sj ! ~n.<)l . Ci ln he \ ISLC d to ~H.ljll s t the 1I~1 ~1:\' '' g :dn cUll t :rul Ull lk- l ' 1\\) 

s igna] c onditions. 
G. 	 Swit ch<:!-; t O fle j il L!) L"lt (: l11:\ln SystC ll1 (OT , I g Cileri.d purpt)S(' t('s t nh:;:( ~ I"V: l t.l ~)n. 



SETTINGS (Continued) 

Bal 3 K . .. .../ 
1. 	Audio oscillator is connected to the input and a distortion meter is connected 

to the output. 
2. 	 5et function switches S61 and S71 to position 5, and adjust manual control to 

give approximately a db on the two gain meters. . I 
. ,

3. Set oscillator to give 50 Hz. 
4. 	with all output pads out ( zero attenuation) set the input to give an output 


of +20 dbm. 

S. Set nal 3K for minimum distortion. If the minimum is at one end of the pot, 

try a new set of tubes. 
6. If you skip this adjustment, set the Bal 3K pot in the mid Position. 

THRESHOLD 1. 

Wi th either program or an oscillator feeding the system at somewhat normal levels, 
i,set "Threshold 1" control to give a reading of a db on the sec ond gain control 

me ter. 

THRESHOLD 2. 


Set Function switch 1 qn position 1 and function switch 2 On position 2. Feed in 

a tone (say 1000 Hz) and adjust "Threshold 2" to give +20 dbm in the output with 

no pads in the output circuit ; (iero db attenuation). 


CONTROL SWITCH 56L :... T"NJ- :0,1 

1. Normal Autorr~tic operation 
2. Diode Test (can operate in this position) 
3. Max setting 
4. 	Rest 
5. Manual 
6. Open diode test. 

CONTROL SWITCH S71. - V,,>00-\-;0.) 2
1. Normal r-f control operation ~ 
2. A-f control operation ~ 
3. Gain Block s e tting 
4. 	Res t 
S. 	 Hanual 
6. Open Diode test 

OSCILLATOR SWITCH. 

1. Off (including filaments) 
') 	 W.:lrm lip only 

3. Bal 1st control stage 
4. Bal 2nd Control stage 
S. 	 Switches oscillator into the activator so as to produce activation with no 


external signal prqsent. Can be used to adjust the !IMaxli gain control undQ:r 

no signal conditions. 


6. 	Switches the oscillator into the main system for a general purpose test observation 
on the oscillator or system. 



SETTINGS (Continued) 

CLIP SWITCll & FLOAT AND NEG LOAD. 

This switch turns on (or off) the float clippers and the n ega tive load. Adj ustments 
of the floa t clippe r and n egative load control should be ma de in o bs e rvation ,dCh 
II very high quality off the a ir audi o monitor .. Se t control s full CO,,1, Turn on 
clip sWitch. NOh' £Ldvanc e either control in any orde r CW until there 1s di s tortion 
just noticed. Drop the control back just al lttle s o that no distorti o n can be 
hea rd. If your mo nito r isn't good enough, you can set both controls in the mi d 
position for most stations. The fu r ther to the a~ pos ition these cont rols arc 
sc t, the hi gher will be the positive peaks, but di s tortion will be introduced 
to some degree in the process. 

m,ADPlIONE JACK J 41. 

The primary purpose f or thi s jack is t o balance Bal 1,2,3,&4, using instructions 
given on page 34-A. 

• : l 

--, 

I 



ASYMMnRICAL WAVE SWITCHER ADJUSTNENTS 

Input Level. 

Connec t a VIVM from g round to J161. With no s i g na l int o the Al1d io Pllo t 

the reading should be approximately -130 volts. With th e audio pil o t operatlng 

in a normal manner, put in a 1000 Hz tone. J161 reading should nOtV' go dm.Jn t o 
. :t 

between .1l'Ov't~ volts. There are no variable .~Pdjustmen t s for this action. 

;Vol:.. 50 KVI'1A V'I, {:- \ 

j
Bias, Bull, Bal 3, &3a l 4. , \ 

\ " , 
For nIl adjus tm~nts connect a VTVN from Groun~ to J162. hl1th no signa l 

in) adjust "13ias ll to read wo.volts. 

\
Put in a 100 Hz signa l (into Audio Pilot). Be SV(9 that the activator 

\ 
ha s COme on. Adjust b~lance 1 to give ~volts . Now sw~tch to 500 Hz a nd check 

\ 
\ 

to see that reading does not fall belm,.l' -7 volts. If it 'does, change the 6SN7 

VI51 tube and repeat. 

Balance 3 and 4 are factorj s e t and should not need any further adjustmcnt 

\ 
Should t hey get turned by mistake) set them in the mid Post\ion 'lmtil D. more 

\ 

exact setting can be made. Balance 3 is set for a minimum charge puls e deflection 

when a 1000 Hz tone i s keyed on (ke y pushed down). Balancc 4 is set for 

minimum discharge ~ulse defle~tion "hen a 1000 Hz tone i s broken (key up) . 

'1 
Caution of steady c l ock ing. 

The switcher i s not intended to clocl< s tcCldy under nonnal operation. 

If it does find there isn't time to perform the above i:1djus tments, the follo\.Jing 

se tt ing should be mud c . Remove all progr.::tm material. Turn bi[ls control 

slowly CCW unti I clocldng stops. Now turn it just JO mim.Jtcs ([Ingle on a 
I 

12 hour face clocl<) CCW f urthllr. The \,mit should not..1 pcrfonn as nonn.:ll. 

If the switcher swi tches every time <l l ow t<?nc pnsses, <1dj\,lSt the u[ll<lncc 

control 1 "lntil this d oc~'ntt h<lppen. J.,<ltcr thc b~lr1ncc control s hou ld be 

adjus ted ,15 de~~cril)ld BhovC'. 



NOTES TAKEN FROM DISCUSSION WITH GEORGE FRESE 2/3/68 

CHECKING DYNAMIC BALANCE: 

(1) Take runs on individual tubes on tube tester, recording meter 
readings against varying grid bias. Pic~ pairs of tubes that 
"trac k ll most closely. 

(2) Using regular balancing proceedure, balance at 0 and l5DB. 
Set manual gain control to position wre re output tone is greatest. 
Remove one tube from amplifier being balanced. Adjust output to 
read zero level on distortion meter connected to output. Replace 
tube and readjust balance for minimum output. It should be possible 
to balance to at least 35 DB below reading with One tube r emoved . 

DETERMINING WHICH AMPLIFIER IS AT FAULT: 

Set 1st Function Switch on Position 5 and adjust manual gain control 
for that stage so that meter reads zero. If trouble continues, it's 
in the second ,ltage. If trouble stops, it"s in the first stage. 
(Above results can be confirmed by returning 1st Function Switch to 
normal and performing same test with second Function Switch). 

DIODE TEST: 

When making Diode 1'ost. set Function Swi±ch" to Position 5 and 
adjust Manual control for Same meter reading as in Position 1. 
This reduces range of during switching and facilitates evaluating 
result in a minimum of time •• 

1 
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