
increase the level in dbs~ then you multi ply t he cr oss=mcx:l by the number that i s in 
the second column a ButS> again 9 as I sai d 9 there are many right ways of doing this 
thing and none i s better than the ot her o Soma are only more conveniento Thank Youo 
(Applause ) 

MR o TAYLOR g Thank you )) again 9 Dro Shekel 9 very mucho Maybe sorrebody will volun
teer to be chainnan of the Standards Corrmit t ee a You can see the problelllS that arise 
in those deliber ations o 

Our next presentation will bP an a subject that is somewhat new in this indus try, 
Envelope Delay in CA'No Gayloro Rogenessfrom AMECO in Phoenix )) Arizona , i s our speaker9 
and his background S> biographi cal sketch has been placed in your hands o Mro Rogeness a 

MRo GA.YLORD ROGENESSg Thank you )) Mro Tayl oro Thi s morning r um going t o speak to 
you on the subject ot ilivelope Delay in CA'IV Systems o 

Comparison of pictures prc.xiuced by off=t he=air signal s and signals that have been 
transmitted through long cascades indicate that the off=the=air signal prcx:luces a 
sharper 5> more crisp picture o This effect is a l so more noticeabl e an low band channels 
canpared t o the high band channelso The low band channe l s produce a picture that i s 
sorrewhat more fuzzy o 

These e ffects exist even though the amplifier cascade has been aligned for opti= 
mum amplitude response Sl the cross modul ation is at a minimum level 9 and the s i gnal- tO= 
noise rati o i s higho Enve l ope delay dist ortion is a quant ity which can explain same 
of these effects a Until recently 9 CAW syst ems have been provi ding pi ctures in areas 
where 'N reception has not exist ed or has been very poor" Hence ~ there was little 
need to consi der the more subtl e transmissi on system requi rement s o However ~ as CAW 
moves int o areas where competition with off =the=air reception exist s 9 and the trans= 
mission of good col or p~ctures 1.s required ._ the effects of envelope delay have to be 
consi dered a 

The objectives of my paper this morning are firs to define envelope delayo Se
cond 5> discuss the effect s of env lope del ay di s t or ~on of TV pictures a Third discuss 
the sour ces of envelope delay}) or where does envelope delay · origi nate in the CATV trens
rniss~on system? And fmall y v suggest possibl e measurement techni ques and soluti ons t o 
the problem of envelope del ay ctistO""''tlono 

The CATV system receives a TV s~gna at an antenna and fran this point has t o 
transmit the 'N p · cture s · gnal o -the home receiver through head.,.,end equipment ~ cabl e 
and repeater amplifiers o Therefore ,) t he transmissi on characteri sti cs of this equip= 
ment should be as cl ose t o the 1deal .rans~ssion characteris tic as possi ble in order 
t o pr ovide the hO!ni? receiver w1.th h e sa.ne picture quality t ha i s received at the CATV 

11 ' 1 i\1 , . ' • , ! I~ ld . ,. •N' I 

hl 

antenna a 
1m. ideal system has a flat amplitude 

response with respect t o frequency and a 
phase shift characteristi c that is linearo 
Thi s is shown in FIGURE ONEo FIGURE 'IWO 
shows phase and delay charact eristi cs of 

he 1.deal systemo Envelope delay i s de-
fined as t he rate of change of phase shi ft 

[]_ _ _ _ 
~~, 
~ L ___ _ 

with respect t o frequency o Or ,in other 
words $) envelope delay is the incrementa l 
slope of the phase shift curve versus 
frequency o In an ideal system the phase 
response i s linear ~ so t hat the incre
rrental slope of the phase response is 

0 f c 0 fc 

FREQUENCY FREQUENCY 

AMPLITUDE RE SPONSE PHA SE RESPONSE cons :tant o Hence ~ each frequency has the 
sane value of envelope delayo It should 
a lso be noted that in an ideal system ~ time 
delay and envelope delay are equal o 
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A TV picture signal consists of a 
sum of pulses which in turn are the sum 
of nany frequency components o When thiS 
signal is transmitted through an ideal 
transmission system, each frequency com
ponent experiences the same delay o As 
a result~ the TV picture signal at the 
output of the transmission system is 
the same as that at the input but delay
ed in time o FIGURE 3A shoos a pulse ap
plied to the input of a CATV systemo 
If the ideal characteristic of flat am
plitude and linear phase over the band 
of frequencies being transmitted exists, 
the output will be a delayed replica of 
the input as shewn in FIGURE 3Bo The 
output pulse waveform will be exactly 
the same as the input pulse waveform and 
will occur at a later point in timeo 

The difference between envelope 
delay and time delay is shown in FIGURE 
FOUR o These quantities are compared at 
the frequency fc o Time delay is the 
phase shift at this frequency divided 
by the frequency ~ whereas envelope de
lay is the slope of the phase response 
at the frequency f co Note that the 
magnitude of envelope delay is larger 
than the time delay magnitudeo 
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FIGURE !5. PHASE AND DELAY DEVIATION FROM LINEARITY. (NOTE THAT THE DOTTED 
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FIGURE 4 B shoos a rough canparison 
of envel ope delay and time delay over 
the frequency range of interesta 

Speci ficati on of envelope delay de~ 
viation from a constant value is a means 
of restri cting variations in the trans
missi on system phase response o One of t 
the val ues of this specification lies in 
the fact that envelope delay is a measure 
of the rate of change of the phase res= 
ponse o Hence 1> not only is the ffi3.gni tude 
of deviation from phase linearity defined 9 

but al so the rate at which the phase re
sponse deviates from linearity o 

Phase dist ortion and therefore en= 
velope delay distortion in a practical 
system can normally be characteriz=e by 
two descr i ptions o One is a gradual devi
ation from t he l inear phase characteris
t i c 9 occurri ng over the major portion of 
the system passbanda This distortion is 
i mportant when comparing the transmission 
of color i nformation with the luminance 
i nformation through a systemo The second 
type of dist orti on involves variation 
from linearity over small sections of 
the passband (See FIGURE 5) o Both types 
of dis t ortion must be considered in the 
design and operat~on of high fidelity 
pulse (or 1V) transmission systems o 

Effects of.Del ay Di stortion 
An envelope delay response common 

in pr actical systems is shown in FIGURE 6a 
The high frequency components are delayed 
by a greater amount than the low frequency 
components o A pulse appli ed t o the trans
mission syst em wi th t his delay response 
i s shown in the cent er of f i gure 6 o The 
resulting output is shown at the bottan 
of f i gure 6 o Not e t hat due to delay di s
t ortion 9 the pulse at t he output now has 
bot h overshoot and undershoot o There 
are various types of delay distortion and 
each has effects on the fidelity of pulse 
transmissiono I will not go into these 
this momingo 

The next example which illustrates 
the effect of delay distortion involves 
t he generat ion of a test pattern on a 
1V seto 
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The bottom line of FIGURE 7 shows the de
sired test pattern o This test pattern is 
generated by the sum of three frequencies 
occurring in the time phase shown o The 
black portion of each frequency component 
shown corresponds to a voltage level and 
polarity that would cause the screen to 
be .dark o A positive polarity will be as
sumed for this caseo The light portion 
of each frequency component corresponds to 
a voltage level and polarity that causes 
the screen to be light o This voltage po
larity is assumed to be negativeo The 
darkest portion of the composite test pat~ 
tern is then generated when all three posi
tive voltages add at the same timeo The 
dark gray is produced when only two posi
tive voltages add o A completely white bar 
is produced wh~n the negative voltages of 
all three frequency components add at the 
same time o 

When all three frequency components 
are not delayed by the same amount during 
transmission to the TV picture tube~ a com
posite test pattern as shown in FIGURE 8 
could resulto A comparison of the desired 
test pattern produced by three frequencies 
and the test pattern generated by the same 
three frequencies but subjected to delay 
distortion is shown in FIGURE 9o Note that 
the distorted pattern does resemble the de' 
sired pattern o 

Consider next the effects of time delaY 
.. ,-s ~ .. . ~.Uw on a color., .. pi~~o. - The colgr 

p1cture is composed of two main signals -
the chraminance information which contains 
color information and the luminance signal 
which contains the brightness infor.mationo 
These signals are transmitted in different 
parts of the frequency spectrum~ so it is 
important that both signals arrive at the 
TV picture tube at the same time o Due to 
delay distortion the color information maY 
not coincide with the brightness information 
and an effect known as the "funny paper 
effectu occurs o Colors are displaced to 
the right or le_ft of . the ~ge~ ~epend0.g . . ~ 
upon -· the ·delay · .. ~ · --~·~he pl:-e"" 
ture carrier and color subca?riero The red 

· color is most sensitive to this effecto 
Sources of Envelope Delay in a TV 

Trans~ss1on S~stem 
Sources o envelope delay in a TV trans~ 
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mission system are depicted in FIGURE lOa 
A responsibility of the TV station is to 
transmit TV program material over the airo 
In so doing~ the TV signal passes through 
equipment which have amplitude and phase 
characteristics that are frequency depend
ento 

Next a relay station may be necessary 
before the CATV system received the signalo 
This relay station is a second source of 
distortion in the systemo 

The CATV system consists of head end 
equipment~ coaxial cable Sl and equalized 
amplifi ers o Each of these three i terns is 
a pot ential source of distortiono 

The signal finally arrives at the 
home recei ver where it is processed and 
displayed o Many sources of amplitude and 
delay dist ortion exist in a TV set that is 
not properly aligned o 

The FCC regulates t he characteristi cs of the col or TV signal being transmittedo 
The TV transmitter must have a prescribed envelope del ay characteristico This delay 
characteristi c is specified to compensate for t he del ay distortion produced in the 
frequency selective circuit s of the home receivero The manufacturers of TV receivers 
use the specified delay characteri stics of the transmitter to set design and manufac= 
turing tolerances on their TV sets o Therefore 1) any picture transmission equipment 
placed between the TV transmitter and home receiver must be near perfect in order to 
minimize distortion o 

Phase charact eristi cs of t he coaxial cable and equalized repeater amplifiers used 
in CATV systems wi l l be di scussed at some l ength t odayo 

Phase Characteristic of Coaxial Cable 
The transmiSSion of energy al ong a coaxial cable i s defined by the complex propa

gation constant o The propagation const ant has a real and imaginary componento The 
real part describes att enuation along ·.the cable and the imaginary component defines 
the phase shift const ant of the coaxial cableo The propagation constant is 

(( = ~ (R+jwL) (G+jwC 
1 

(l) 

For low loss cabl e Sl such as t hat used i n t he CATV indust ry 9 it is possible to 
simplify equation one and write the phase shi f t constant 

r adi ans / unit l ength ( 2 ) 

R)l Lo ~ and C are t he cable resistance l) inductance~ and capacitance per unit length 
and w is 21( t ines the frequency in cycl es per second o 

Rerrembering that envelope delay i s t he rate of change of phase shift with respect 
to frequency ~ the derivative of equation 2 yields the cable envelope delayo 

TE = ~~ = \[LC [1 = } ( ~ 2 ] seconds /unit length (3 

Note that envelope delay is not cons ant with frequency because of the ( ~)" 2 termo 
However Sl the magnitude of this deviati on fran a constant value is small enough to have 
negligible effecto A numerical example will show this g 

Constants taken from a cable manufacturer 0s data sheet for 75 ohm Alucel 1/2" 
coaxial cable are 

Capacity C = 16o5 pf/ foot 
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Velocity of Propagation V = Oo82 V
0 

= ~ = 7)87 X 108 ft/sec 
c JLC' 

Attenuation (V
0 

is free space velocity) 
~ = Oo006 db/ft at 54 me 
.::;(_ = 0 v 0065 db/ft at 60 me 

The diffe~nce in envelope delay between the frequencies 54 me and 60 me using 
the cable constants listed and equation 3 is 90o6 x 10 -18 seconds/footo 

For a 30 amplifier cascade extending 45 ~000 feet~ the delay between the frequen
cer 54 me and 60 me is 

T = 90o6 x 10=l8 x 45000 = 4ol x l0-12 seconds 
T = 4 o 1 micro= micro seconds o 

This ~elay distortion has negligible effect on TV signals transmitted along the 
cableo Th1s number of 4ol x 10 =I2 seconds agrees closely with the delay· distortion 
calculated from velocity of propagation measurements made by Rome Cable about three 
years agoo 
Repeater lifier bela Characteristics 

e next pro em 1s to descr1 the delay characteristics of the equalized re
peater amplifiero A theoretical response for the equalized repeater amplifier was 
postulated for an 18db length of cable o The amplifier response was assumed maximallY 
flat at both the low and high endo The high end roll off was assumed more steep than 
the low end because of the cut off characteristics of the transistorso 

The transfer function of an equalized amplifier can be written~ 
n t + j ~ ~ j w 

~ 

eout = wl w3 1 (4) 
e1n 

1 + j ~zJ n m w 
1 + j w 1+ j -- w4 w3 

deriv!~ ~~~!a:~: ::~
0

(: d)e~a:~~l th( ~s ~ :~:s:i::e( ~h\:e-~=~~ )i: fi:: 
· w1 w}' w3J \ W4 

:;l~~:t~~e~~2 i~ :~~~~i:at~~ [~~~:~~J-5I~th ~:~:;:~o} (~):G) 
FREQUENCY , 

20mc !50 me IOOmc 200mc 
+ 100,----------.--------.-----r-----.----, •20 

--- --- PHASE 

•ao~ -...................._ 

TIME~~ 
+10 

~ +60 ' 

fiG·. II . CALCULATED PHASE AND DELAY RESPONSES 

Phase Sl tirre delay l) and envelope delay 
were calculated as a function of frequ
ency using equation 5 and 6 are shown in 
FIGURE llo The following values were 
used in the calculationsg 

w= 
wl= 
w2= 
w3= 
w4= 

21ff 
21f X 49o5 X 106 
21f X 334 X 106 
21f X 40 X 106 
21( X 250 X 106 

n = 2 
m = 4 

Note that envelope delay is not constant 
with frequency as is required for an ideal 
transmission system~ Also note that chan
nel 2 is more susceptible to response ir
regularities than channel 13 because it oc-
cupies a higher percentage bandwidtho 
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OSCILLOSCOPE 

~---_} 
ENVELOPE DELAY TESTER 

(6 me bandwidth at 54 me compared to 210 
mc)o 

Envelo~ Delay Testing 
A bloc a~agram of a test set that 

measures envelope · delay is shown in 
FIGURE 12o The 200kc reference oscilla
tor output is applied to a frequency doub-
ler and balanced modulatoro The second 
input t o the balanced modulator is a sweep 
generatoro The output of the balanced 
modulator is two frequencies spaced at twice 
the reference oscillator frequency o These 
two signals are applied to the system under 
test and are swept across the frequency 
spectrum maintaining a constant spacingo 

The test signals are detected at the 
output of the system under test and then 

passed through a limitero The test signal at the output of the limiter is then com= 
p~d in a phase detector with the output of the frequency doublero Each of these 
signals i s at the same frequency o Havever ~ the doubler output has a const ant phase 

· reference while the signal passed through the system under test is measuring the in= 
cremental slope of the sys em phase responseo The output of the phase detector i s a 
DC voltage proportional to t he envelope delay of the system under testo 

The oscilloscope displ ays envelope delay on the vertical axis and frequency on 
the horizont al axi s o The vertical scale can be calibrated in terms of electrical de= 
grees or directly in units of tirre (microseconds or nanoseconds) o A frequency rrarker 
can be inserted into t he test set for calibration of the horizontal scaleo 

An envel ope delay tes t set was con= 
structed by utilizing the principles de= 
scribed in he preceding three oaragraphs o 
This test set is shO#n ir.. FIGURE 13 o Un= 
fortunately}) tirre did not permit the com= 
pletion of many delay measurement s before 
the convention a Hcwever }) the envelope 
delay of a cascade of t hree AMECO ATM- 0 
amplifiers and 75 db (2 20mc) of coaxial 
cable was rreasured a The envelope delay 
characteristic was constant from 40 me to 
about 90 me and then began gradually slop= 
ing through the high band a The difference 
in delay across any high band channel was 
less than three nanoseconds (3 x 10=9 
seconds)o 

The purpose of this next example is 
to point out that phase distortion ~ and 
hence delay distortion 9 can be rreasured 
and corrected in the field even though 
the transmitted and received signals are 
physically separated by l arge distances o 

The block dia~ of a test set used by a manufacturer of microwave equipment t o 
measure delay dist ortion of a microwave link i s shown in FIGURE 14 (next page o 

The crystal reference oscillator operates at about 500kc and modulates the RF 
source ~ The reference oscillator frequency is divided down to provide a sweep volt~ 
age to sweep th~ RF source through the passband of the transmission systemo The 
swept RF signal is transmitted over the microwave link and is received at the remote 
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location of the receivero The output of 
the receiver IF is- fed to a phase detector 
and compared to a local reference frequen' 
cy o The local reference frequency is gen
erated by a crystal oscillator which opera-
tes in a slow AFC loopo This insures that 
the ·reference frequency at the transmitter 
and receiver are identicalo The output 
of the phase detector is displayed on an 
oscilloscope o The vertical axis is pro7 
portional to envelope delay and the hor~
zontal axis is proportional to frequencyo 

Wat ching the test pattern on the 
oscilloscope ~ a phase equalized at the 
receiver IF output is adjusted until the 
transmission system delay distortion is 
minimized o 

Today I have defined envelope delay 
as the r ate of change of the transmission 

system phase responseo Some of the effects of delay distortion on the transmission 
of TV pictures were mentioned as a loss of crispness of the black and white signal and 
a funny paper effect on color pictureso 

I believe that we must now develop test equipment to accurately measure the CATV 
system delay Characteristicso After the delay characteristics have been measured, 
phase and/or delay equalizers can be designed to compensate for existing delay distor
tion o Thank you o (Applause ) 

MR o TAYLOR g Thank you very rnuch o I think we would have time for one or two 
questions if sanebody woul d like t oo I see one here o 

MR o WILLIAM CRUZ ~ (Coll ins Radi o) g I think it should be important at this point 
and time with your fine speech here t o separate the dist inction of envelope delay of 
your sweeping ~ the RF spectrum where cable activities =~ it 0 s all very proper~ very 
correcto I agree with you complet el yo Your discussion of sweeping the IF of an FM 
or microwave system i s al so correcto 

One other thing you are ~ sorry t o say rv leaving out is the difference in the en
velope delay of your RF syst em or your If system compared to your baseband where you 
are considering the envel ope delay of various color portions o I 0d like to bring up 
the point that they are qui e different envelope delayso we have two of them to worrY 
about o Thank you o 

MR o ROGENESS g Referring to f i gure 10 9 the sources of envelope delay in a TV 
transmission system are shown pi ctoriall yo A detailed discussion of this diagram was 
not made because of the time l imitation o It should be noted that the delay character
istic of a linear system is equal to the sum of the delay introduced by each sub- system 
contributing to the overall system responseo The single TV channel transmission system 

. delay characteristics are of importance hereo 

. As an example 9 follow the transmission of a 4o 2rnc video signal beginning at the 

. output of the TV camera at the broadcast studio and ending at the horre receivero In 
the transmissi on of this 4o 2rnc video signal fran the broadcast studio :to the horne re
ceiver~ the video signal will be translated a number of times o For example, the video 
signal at the broadcast studio ~is mixed or translated to an RF frequency for broa.dcasto 

. A microwave relay station may then. receive this signal~ translate it to IF frequencies 

. and amplify it 9 and then mix back up to a. microwave frequency for transmission at micro-' 
waveo The next relay station may then translate the signal from microwave back to RF 
frequencies /or re-transmission o 
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At t hi s poi nt a CATV syst em may rerei ve the signal off the airo The CATV head- . :-.;·_ 
end equiprrent may t hen translate the i ncoming channel to a different channel Pv -~: · 
either of two met hods a One method demcx:iulates the incoming TV channel to baseband 
and remodulat es the carrier of the channel to be transmitted over the cable o A 
second rrethod transl a t es the incoming channel down to IF frequencies and then back 
up to the channel desi red for t ransmission over the cableo 

The TV s i gnal now passes through coaxial cable and equalized repeater amplifiers 
before reaching t he hane receivero The TV signal in the home receiver passes through 
a number of frequency selective ci rcuits before it is demodulated and the video sig
nal presented on the pi cture tube o 

The preceding example indicat es that the 4o 2 me video signal is subjected to many 
sources of delay distortion o Each t ime it passes t hrough a network or transmission 
system wi th frequency selective characteri stics, delay distortion is possibleo This 
fact applies whether or not t he 4o2 me 'N signal is at video~ IF 9 RF or micr&ave 
frequencies o The delay charact eristi c of the TV transmission path between TV camera 
and the TV picture tube in the hone receiver is equal to the sum of the delay chara
cteristi cs of each frequency selective ne twork that the TV signal passes througho 

The CATV system has control of the t ransmission characteristics of the head-end 
equipment and the cable systemo Therefore SJ fran a knowledge of the delay character
istics of the transmission systems external to the CATV system and a knowledge of the 

· overall delay characteristic requi red to transmit an undistorted TV picture 9 the CATV 
system delay response can be s pecified o 

MR o SABI N FLORESCU SJ from Carl sbad Cabl e Division ~ We were talking about envelope 
problems in the RF t ransmission systems SJ j ust the same way Bill Cruz said ito Our 
biggest problems are i n the modulators o What do we do about them? 

MR o ROGENESS g There are two types of phase dist ortiono One is differential 
phase which i s a cross modulati on of the color and luminance signals and is a function 
of the nonlinearity of the modula or; whereas envelope delay - - or the characteristics 
I was talki ng about were related to the phase response of the transmission system which 
are constant o 

The delay response of head=end equipment between C/\TV antenna and coaxial cable 
rrust be const ant with frequency in order to solve Mro Florescu us problems o 

MR o TAYLOR g WellSJ I think that we ure runni ng a little behind timeo Mro Rogeness 
I am sure woul d be available t o discuss this questi ono I think it can also be safely 
said that i t 0s a rel ati vely new consi deration i n our industry and I am sure there 
are many things that are going t o change in t he f uture as a result of this discussion o 
Thank you Mro Rogeness o (Appl ause ) 

The next speaker wi ll talk on the subj ect of 9gAutornatic Gain Control in CATV" o 
Mro Irvi ng Kuzminsky SJ Director of Advanred Prcx:iuct Engineering of Entron, Inco And 9 

I beli eve t hat we have his bi ographical sketch to circulate if the pages will circul
ate themo Mro Kuzminsky ~ please o 

MR o I RVING KUZMI NSKY g Thank you ~ Archer o I n a CA'N sys tern, two types of si tua
tians arise which necessitate the use of gain controlo One is a narrCM-band single
charmel problem caused by signal variations at the antennao The other is a wide-band 
variat ion in t he transmissi on syst em caused by changes in either the cable or the 
amplifiers o · 

In order for the system to f unction properly SJ i t is necessary to first eliminate 
the v~iations in signal l evel whi ch are normally encountered at receiving siteso 
Let us consi der what might happen at t he cust omeru s rereiver if this were not donee 

Most present day CATV systems uti l ized adjacent=channel transmission as a means 
of most efficiently carryi ng t he maximum number of channels at a mi.niinum costo How
ever SJ as far as t he receivers are concerned SJ the adjacent channels are potential " 
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SOU!"ces of interference a Thi s was the reason that~ in t he early days of CATV ~ some 
people thought that adjacent-channel systems woul d not work o In order for these sys
tems to work properly ~ i t i s necessary t o accur at e l y control the levels of the signals 
with respect to each other so t hat t he receiver i s able to pi ck out t he selected sig
nal without objectionable interference from other signalso 

Once the single=channel signal s are combi ned onto a corrmon line )l random varia
tions of these s~gnals would be impossibl e t o handle o Thi s is because the gain of 
the trunk amplifiers is controll ed on a wi de=band basi s o That is l> the gain is varied 
in a coherent manner to all channels in the amplif i er passba.nd simul taneously o With 
random variation of each channel us s i gnal 9 cress modulation and noise problems would 
be encountered in the trunkline systemo Wi th s ome s i gnals going up l> sane going down, 
and others remaining constant)) g~n control would be impossi ble }) and the problems 
generated are obvious o Thus 2l s t abilization of t he ant enna s i gnals is mandatory before 
the signals are inserted into t he trunk sys t emo · 
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The var i ation i n antenna s i gnal level 
is usually handled by t he method . shCMn in 
FIGURE 1 o The signal i s amplified in a 
s i ngle=channe l RF ampli fiero The output sig~ 
nal i s det ect ed and provi des a DC control 
signal whi ch is indicative of the output 
signa l l evelo Thi s cont rol s i gnal is used 
t o vary the operating point of the interme
diate st ages and ~ by t hi s means ~ the gain 
of the ampl i f ier so as t o maint ain the out
put at a nearl y constant predetermined levelo 

FIGURE 2 is a plot of the output level 
of a typi cal s i ngl e=channel AGC amplifiero 
The ampl ifier being considered has a gain 
of 60 dbo Curve A indicat es that 9 with no 
AGC there is a linear relat ion between inac 
put and output except for high levels where 
the amplifier overloads o Curves B ~ C, and 
D shCM that~ for small signals ~ the output 
follows t he i nput o HCMever SJ once the ~C 
threshold is exceeded 9 t he output remains 
almost constanto Thus s; for proper AGC op
eration 9 a minimum signal level is required 
depending on the setting of an output level 
control a 

Thi s i s ca lled uudelayed AGC" because 
gain control is delayed until the threshold 
s i gnal i s reachedo Curves B5; CSJ and D repre"" 
sent di fferent delays o The maximum alla.vable 
input level is determined by t he overload 
charac eristi cs of t he amplif i ero 

Normally SJ the input and output stages 
are not varied Sl since varying the input 
stage affects noise figure and input match 9 

and varying the output s t age affects the 
overload level of this s t age o Because of 
these noise and overload limit ations )l sane 
ot her rrethod should be used where large sig-
nal level variations exi st o 
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factor is a matter of conjecture, the 
fact and can be predictedo 

Consider the block diagram shown in 
FIGURE 3. The RF input signal is ampli
fied and detected. When the detected sig
nal exceeds a predetermined amplitude a 
delay is activated and an attenuator is 
inserted between the antenna and the head 
end equi prent o When the signal decreases 
sufficiently, the attenuator is removedo 
A cascade of four such switchable attenu
ator sections--eac~ section having 10 db 
attenuation-- effectively reduces a 60 db 
signal swing to 2 0 db. This srraller swing 
can then be handled by the M;;C arrangement 
previously consideredo 

FIGURE 4 is a typical plot of output 
level VSo input level for a four-section 
controllerc. "A" i s a plot of output level 
vs ~ input level with no compensation and, 

and, of course, the changes in output level fol
low the changes in input level c The output level 
vs o input level is shown by "B" for increasing, 
and by "C" for decreasing signalo At any given 
l evel, the i nput can vary over a 20 db range 
with no switd1ing occurringo For example, at 
Point 1, with an input of 18 dbmv, two attenua
tors have been switcl:'led in so that the output is 
18 - 20 or -2 dbmv o As long as the input signal 
level rerrains between +10 and 30 dbmv, no switch
ing tvill occur, and operation will be along the 
joinging Points 2 and 3o 

Once the signal levels at the head end are 
stabilized , the signals are ready to be inserted 
into the transmission systemo Since the signals 
are stabilized, why is AGC necessary in the 
trunkline amplifiers ? To answer this question, 
it i s necess~J to look at tl1e entire trunkline 
systerno While the s i gnals may be stabilized at 
the input to the t runkline, they will still vary 
in the trunkline because of changes in cable at
tenuation with temperature variation and because 
of changes in amplifier gaino While the latter 
change in cable attenuation is a well known 

If the last amplifier at the end of the longest trunk is capable of handling the 
largest signal swing expected then AGC is not require do FIGURE 5 (next page) shCMs 
the correction factor which must be applied to the 68° value of cable attenuation to 
obtain the attenuation at some other temperatureo 

We can see that the extreme temperature to which the cable may be subjected, 
attenuation correction factors are obtained of lq06 at +l20°F and 0.90 at -20°Fo This 
means that for each 100 db of cable attenuation, there results an increase of 6 db at 
l20°F and a decrease of 10 db at -20°Fo 

A trunkline consisting of l/2 inch foam dielectric aluminum jacketed cable may 
typically have an attenuation of lo3 db per 100 feet at Channel 13 at 68°F. In a 
five mile line; this would amount to 340 db attenuation. However , at 120°F this would 
increase by 20 ol+ db, and at -20°F it would decrease by 34 dbo No presently existing 
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amplifier can take this sig
nal swinge Therefore, AGC 
would be a necessity in thiS 
system a 

Other problems, of course, 
al so arise because of this 
characteristic of cableo such 
a problem is the difference.W 
the attenuation change at d~f, 
ferent frequen·cies o One way 
of deal i ng with this problem 
is by us ing autanatic tilt 
control derived f rom two pilot 
car riers o Another way of 
dealing with the pr oblem is 
to use t hennal equa l izers o Ad 
third way is to spli t the baD 
so that the accumulated dif-
f erence in cable attenuation 
within each band i s within 
toler able limits o This leads 
t o two different types of 

t ransmission systems , the so-called "Split- Band" t ransmi ss ion system, and the broadband 
transmission system ~ The advantage of a split- band system is the reduction of change 
of tilt effects t o the point where they may be neglected , while the broadband system 
must use some method of automatic tilt controlo 

Regardless of whether a spl it-band or a broadband system is used, there are still 
many methods i n use today by which t he gain of the transmissi on system i s controlledo 
There are also many names by which t hese systems are known o Be it AGC, AOC , ALC , AVC, 
or A--you name it- - C, all of the methods in use have one common objective , and that 
is to vary the gain or l oss (in some cases) of an amplifier or an attenuator in an 
attempt to mai ntain a constant signal levelo Why do we all strive toward t his ·goal? 0 

As we have seen , signal swi ngs of 2 0 o-r 3 
9
, 

GAIN CONTROL 

SIGNAL 

CONTROL 

SIGNAL 

FIGURE 6 

FIGURE 6 • 

TRUNK OUT 

db are to be expected i n a relat ively short sY 
tern as t he t emperature varies over t he day and 
through t he year, if no AGC is used . 1he use 
of AGC reduces mai ntenance problems by elimi
nating the need for periodic r eset t ing of 
l evels o Too, compensation f or cable and equ ... 
iprrent aging is provided to some ext ento r..et 
us look at some of the different methods t hat 
are used t o achieve these goals o 

Whether the transmission system ·is broadb 
band or spli t -band, operation of the AGC ci-r ... 
cuits in either of t hese systems may be con
trolled by either TV signals or by pilot ca-r ... 
rier signals o Also , either a single signal 
or a multiplicity of signals may be used for' 
AGC purposes o Thus , many possible types of 
AGC systems exist o However, ·all of these 
methods are very similar in actual oper ationo 
FlGURE 6 is a block diagram whi ch illustrateS 
two methods which might be used with either 

·TV s ignal or pilot carrier AGC systems o 
In the first case, the amplifier i s 

operated below its maximum gain capability 
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so as to be able t o compensate for anti cipated changes i n input signal in either di
rection o Usually, only the gain of the interrnediate stages are varied so as to main
tain good noise figure and overload characteristics while t he input and output stages 
are at a fixed optimum operating point o The detector is tuned either to a single fre
quency or is broadband , depending on the type of AGC sys tem used c 

In the second system, the entire amplifier is rnai ntained at its optimum operating 
poi nt as far as noise figure and overload characteris t i cs are concerned ~ The attenu
ator ahead of the amplifier is varied t o change the overall gain at the amplifier sta
tion o The nominal operating point of the attenuator must provi de an insertion loss 
of at least the magnitude of the anticipated d~mwaro change in input signal level o 
The loss of the attenuator is then varied up or down t o correct for changes in input 
level a This arr angement, while allowing optimum operation of each stage of the am
plifier, effecti vely increases t he noise figure of the amplifier by the amount of the 
attenuator 9s nominal i nser tion loss o The best sol ution may be a combi nation of the 
two methods o That i s , pl ace the at tenuator at an int errrediate point in t he amplifier a 

This would allow opt imum operat ion of the active elements in the amplif ier and, at 
the same time~ provide a good noise fi gure a 

As stated previously~ the AGC may be der ived from either TV signals or from 
pilot carrier signalso A single TV signal cannot be used alone to acti vate t he 

. AGC because i f that channel went off f or any reason, all amplifiers woul d run wide 
openo 

Excessi ve gain would be accumulated, and over load would soon occur on t he re
maining channels o Therefore~ i f this met hod is used , a standby oscillat or is re
quired which is switched into the sys tem if the pr~nary source goes offo 

Another method is to sense the composi t e s ignal s i n the passband of t he amplif ier 
and adjust t he gain to t he composite leve l a Wi th t his method, i f a station goes off, 
the AGC is still operativeo No standby oscillator i s requi red since the AGC ci rcuit 
operates from t he remaining carriers o 

Still another mtthod utilizes only pilot carriers to drive the AGC ci rcuits o 
This system is i ndependent of the TV signal levels and has the advantage of providing 
a fixed standard signal to which the ent ire system may be referenced . 

To summarize, the main advantages of AGC are ~ 
(1 ) Stabilization of individual channel signals permits adjacent channel 
operati on and maximum utilization of t he transmission systemo 
(2) Proper signal levels may be mai ntained i n the t runk, thereby avoiding 
problems of noise and cross modulation o 
(3) Maintenance problems are reduced by eliminating the necessity t o reset 
levels with changes in temperature o 

Thank you a (Applause ) 

MRo TAYLOR~ I think we can take tim= for one or two questions o Anybody have a 
question t hey want to ask Mro Kuzminsky? One in t he back of the room. 

UNIDENTIFIED SPEAKER: This might be going back to this envelope delay problem, 
but I notice on the color set there was another image to the r i ght and I've had this 
problem an black and white a I don t t know what it is . Is it mi ss match? 

MR o KUZMINSKY: Well, sounds like ito 

UNIDENTI FIED SPEAKER~ Hiss match? 

MR e KUZMI NSKY : Yes o 

MR o TAYLOR :" Thank you o Thank you very much, Hr. Kuzminsky o (Applause ) 
Our next speaker i s Mr, Rober t Cowart, Vice President in Char ge of Construction 

for Viking Company a .And, he ' s going to t alk on "System Reliability" . I believe the 
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