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MRo ARCHER TAYLORg We will open our Technician ° s Day Session a 

For several years NCTA has had a committee studying various aspects 
of Industry technical standards o This has proven to be a very dif= 
ficult and very important jobo It 9 s~ therefore 9 quite gratifying 
to rre that this demonstration which you are about to see this mom= 
ing could be produced under the sponsorship of the Standards Commit= 
tee of NCTAo We have in our industry both in the manufactureru s 
design laboratories in the operation of systems a remarkable degree 
of technical confidence o A very l arge number of these engineers and 
technicians have participated in putting together this project to 
to demonstrate to you this m.orningo 

I would like to present to you to tell you about the demonstration Mro Ho Jo 
Schlaflyo Mro Schlafly is Senior Vice President of the Teleprompter Corporation~ one 
of the multiple owners of CA.TV systems o He is fonrerly President of the Telepro In= 
dustries ~ Incorporated~ served for six years as Director of Television Research for 
30th Century Fox~ was in the advance development laboratory of General Electric Com
pany o He holds a BSEE at the University of Notre Dame and has done graduate work at 
Syracuse Universityo He is a Fellow of the Society of Motion Picture and Television 
Engineers and is a Senior Member of the Institute of Electronic and Electrical Engi= 
neerso Mro Schlaflyo (Applause) 

MRo HUBERT SCHLA.FLY ~ Thank you ~ Archero The s ubject o this session is Meas= 
urement of Noise and Cross Modulationo I am representing the NCTA Ad Hoc Corrmittee 
on Technical Standards and am appearing here in no other capacity o 

Now~ noise and cross modulation are at least two of the items i n the life of a 
CATV operator that he could just as well do without o Most of us are familiar with 
noise o This is snow 9 dancing dots Sl picture grain or whatever you wish to call ito 
It spreads over the entire picture area ~ provides distraction to the viewer)) then 
loss of picture detail and finally i t curtains off the entire viewa 

Noise is random9 it has no pattern~ shape 9 fonn or periodo I i s unwanted sig
nal, containing no intelligence which competes with the picture o We know a good deal 
about random noise (some call it thermal noise o We can see it~ we understand it Sl 

We know how to measure ito I think that due to the shortness of time Sl with your per=
mission~ I will jt.nnp over any further remarks on random noise)) and go into ar qually 
serious area of concern to us - unwanted s i gnals o 

This kind of picture interference Sl I call the 99not=noise'0 Sl or the wvno =interfer
ence a" It is not random~ it is not easily understood Sl it i s not easy to measure and 
after it is measured9 the measure:ffient is not easily interpretedo This is cross modu-
lationo -

Cross modulation is an unwanted byproduct of any amplifier that is less than per~ 
feet as a linear amplifying device o If the output signal at any operating level is 
not a constant multiplying factor of the input signal or is not a constant umber of 
dbs added to the input level (for those of you who like to think in dbs ?> then Sl like 
the "Music Man" with 101 Trombones~ vvbrother)) you Vve got trouble i n Central City" 0 

Now~ in order not to confuse us oldtimes who understand tubes but aren 1 t so sure 
'We understand transistors~ let us refer to an amplifier as having a transfer charact= 
el:'istico If this transfer characteri sti c is linear Sl everything is greato If it is 
nonlinear · over the range that the designer choses to operate ~ you u ve go a whole bee
hive of possible signals that you never knew existedo If the ransfer characteristic 
changes its slope over the used range 9 you have second order effects o You have second 
harmonics and second order beats o Thanks to luck and to the foresight of the original 
system engineers and to the understanding of the engi neering staff. of the Federal Co~ 
munications Commission~ VHF channels were selected so that second order effects do not 
bother uso They exist~ but they don°t fall into the frequency bands in which we worko 
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But~ the rate at which t he trans fer characteristic changes slope produces thir~ 
order effects and these do bother us o Now ~ amplifier gain and level enters into th~5 
picture ~ because although an equipment designer can find some portions of a transfer 
charact eri s tic that is linear ~ the greater a portion of the transfer characteristic 
must be used the great er i s the chance for nonlinearity o So the harder you drive an 
amplifi er , t he less l i near it i s likely t o be and the greater will be these unwanted 
internally generated s i gnal s which we call cross modulation and inter.modulatiano 

Low l evel amplifiers generally have good linearity and have very low levels of 
these unwanted modulation effect s o High output level amplifiers, letvs say in the 
range of 40 to 50 DB~ can have i ncreasingly disturbing levels of this modulationo 
And ~ it increases rapi dl y with output level o A fairly accurate rule of thumb for a 
typical amplifier i s that every 1 db of increase in output level produces about 2 db 
increase in the relative cross mOdul ation i nterferenceo 

Third order nonlinearity generates beats (beat frequencies or spurious signals) 
that do fall i n portions of t he spectrum t hat we useo These generated frequencies 
are referred t o as·; 

Int ermodulations = 2 f +f 
a- b 

Thi rd Harmonies = 3fa 

and Tripl e Beats 

My analysis (which I do J t guarant ee to be wi thout error) shows that only two video 
carriers~ charme s 3 and 4 ;> have Thiro Harmonies whi ch fall in an upper band channelo 

Inter.modulation products of the video oarriers are confined ~o a reas0nahle n~ 
ber of frequencies in the TV channel s (over' hal f of which are avoided if adjacent 
channels are not usedv a Triple beats 1l which can occur almost anywhere~ have not been 
anal yzed by me on a statistical base o 

Since the peak of sync has t he greatest ampl itude in 'N signal, this unwanted 
vertical bar is noticed firsto Of course 2l itus not that the video modulation of the 
unwanted channel isn v t there~ ~ t .. s just that it 11 s at a l ower level and you don 't see 
ito If the synchornizing frequencies of the two t e l evision signals on different chaD ... 
nels are s t able and cons ant~ this vertical bar s t ands sti ll i n the pictureo ·'This rrilY' 
i n sorre cases 1l be less annoying than i f they were not synchronous ~ i n which case theY 
do not stand still and you get the famil i ar wi ndshi eld wiper effecto Cross modulation 
is hard t o measure and since this annoyance is largely subjective~ just as beauty is 
in t he eye of the beholder~ i is hard t o evaluat e o It is most easily seen on the 
blank screen o From here on we 'I re goi ng to wor k with an actual demonstration showing 
both broadcast picture and a closed circui t camera pi ck up of the oscilloscope displaY 
on this 8=foot wi de screen by means of this TV projectoro 

There i s a setup of equiprrent i n the back room9 int entionally in the back room~ 
because we want t o mak no reference in .this sessi on to any particular philosophy or 
any particul ar rranufacturerv s rrethcxls or equipmentso We have twelve picture . input 
channels and we have a CW generator whi ch can repl ace any one of the 12 pictureso 
All t hese s i gnal s are combined and fed to an input attenuatoro 

The output of that attenuator goes into the amplifier thAT vs under testo The 
out put of the amplifier goes t o an output attenuator which cuts down the combined 
signal to a s ui t able level tc put int o a televis i on receivero In this case, the tele ... 
visi on receiver will be a 'N proJector and we u 11 put in on the large screeno As the 
input attenuati on i s decreased meaning a higher dri ve signal , the amplifier will 
operate over a l arger portion of i ts transfer characteristic and will show an incre~se 
in cross modulati on eff ec o ~We adjust this output attenuator so that t he level to 
the receiver is const anto . 

We a lso have a se tup in the back room so that we can mea.Sure output level, not 
only t he level of the CW carri er but aiso the AC modulation of that carrier, which in 
this case can only be cross modul ation and we can view this on an oscilloscope . 
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This is a large screen view of the oscilloscope sh~ing cross mcxiulation as it 
is being rreasured right nav in our back room set-upo Can someone tell me how many 
channels are on this picture? One? One channelo One interferring charmelo Yeso 
This is one channel which is interferring with the CW carrier o The spike is the peak 
of the sync pulse 0 The signal i n between t hose two spikes t hat you see is incidental 
video ~ but the item that 3s going to cause he troubl e is that spikeo Now, let's add 
an additional channelo A second channel of TV pi cture will be added to the amplifier 
ax the i nputo Since the sync generators on the stations that we are using are non
synchronous~ you will note that the additional interfering channel will drift through o 
If the picture that you add is synchronous Sl that spike will increase in size rather 
than give the drift thru effec o Now I will turn t his projector over to the TV pic
tureo Thatu s cross modulation right there a 

Although ny raster isn ° synoed since we 0 re running on CW signal rather than on 
a nonral television pl-cture ll you can see those vertical bars o Let me turn over to 
another channel and get trus t:b.ing tuned up a little bit o Remove one of the inter
fering channelso All righi"o Now 9 its s t abili zed somewhato 

Of course you are see ng cross modulation on a blank screen where it is much 
easier to see o If we pu m~s onto a channel which had picture content you might not 
see it o his extent o But what you do see here is the interference that causes the 
trouble a 

Now change the level of the amplifiera Reduce the output level of the amplifier, 
remove sorre of the output attenuation to bring the l eve l back and see if we can ob
serve t he reduction in -r e cross modulation o This is 3 db less than you saw before 
and you can see t"llat the interference signal (Ivve lost sync again ~ lost stability, 
thereo That~s botterL is subs .antially less than you saw before and it would be 
less subjectively annqy~g on the p~ctureo 

Do you want o see a +h1rd interfering channel added? Put all of them on now 
and increase the output level so that we have an eas ier tirre seeing ito By increas
ing the output level of the amplifier we drive the amplifier hardero We use a great
er portion of the ransfer charac erist"c and we 9 re getting into the change of gain 
and to the rate of change o gain which generates second and t hird harmonic effects o 
You u re get ing sane bea h=~re also a 

We are in entional y ov_ror"ving this amplifier by a subs t antial amount just to 
accentuate the effect at you see hereo NON I 0 ll tum over to a picture channel o 
You can see the cross mod in rn picture i selfo Fairly stable here rather than the 
windshield w1per hat many s~e as more objectionableo Itu s an amazing thing that the 
modulation of one p1cture can s~t r:ght on the other picture and modul ate that carrier 
just as tho gh it was &"1 or:..ginal part of 1ts own signalo 

New~ this isn v new a This lSn v t a new thing that the cable television people 
dreamed upa In fact~ I ha" a textbook that I used ~n college (and that 9 s a long tirre 
ago) on he table there 9 

110Radi0 Engineeringuu by Ternano This book has 5 or 6 pages 
that give an excellent ana ys s of ~ problem of cross modulation o 

Now 9 red ce the outpu. ~P'el of the amplifier 9 gentlerren 9 by first 3 db and then 
£' db and et s wa1:ch th1s redu tiona Let 1's go 3 more Q And 9 3 morea 

I wan to renu.nd you li again v 1-llat we have been intentionally overdri ving this 
amplifier by terr1fic. amount .. order to accentuate the problem here o Bring it da..m 
to an acceptable le-velo let rre emphasize that word acceptableo Since it is a sub
jective problemS) he value can differo I must admit that we have not as yet agreed 
on exactl y the proper means of test- or on a figure of db cress mcxiulation must be 
down to be acceptable to the industry o That is the problem on which the NCTA Stand
ards Committee 1S workingo 

Now Sl. we have reduced he level of the output of the amplifier o We have removed 
a compensating amount of attenuat1on fran the output line to the receiver and we have 
reduced the cross modulation by a substantial amounto 

Let v s go back o a CW pic ure showing cross mcxi and the drift through of sync 
signals o Those signals look ynchronous to rre there o Maybe they 0·re flipping through 
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so f ast that I don °t see theme Yes~ now they do addo When they do come together, 
when they do becorre synchronous~ those spikes add in hei ght and of course you get a 
much worse condition temporarily o I haven u t satisfied myself whether the larger sig
nal is worse than the low frequency flip througho 

In order to take a photograph of an additive cros s modulation condition you may 
have to wait ten minutes to see it on the scope and when you di d see it ~ it might last 
only a fraction of a secondo 

I just want to say that this dem-:>nstration .has been a di ffi cult one to put on o 
It has taken much equipment and has taken much time and thoughto This was freely do
nated by several of the manufacturers who have not asked for ~ expect ~ nor will they 
get a plug~ on this NCTA sponsored demonstration o I wish to compl irrent them and the 

· industry o I have sat in many cornmi ttees and I have fought f or and seen fights for rriJT'!'i 
standardso I have never been in an industry where I have seen as such a wonderful ell~ 
mate of cooperation or spirit of fighting for our common cause agains t the common 
enemy as I have in the NCTAo With the recognition that we rust make our mark in a 
highly professional field that includes broadcasters~ networks ~ t e l ephone canpanies 
and others 9 this spirit of cooperation is vi talc I do not see hoo our industry can 
help but flourish to new growth and successo Thank youo (Applause) 

MRo TAYLORg I would like to point out that we have in this r oom manufacturers 5l 

engineers and system engineers who have done a lot of work in this fie l d o And 9 in ad"" l 
di tion to questions~ if one of yo has a contribution you u d · like to make t o this gene~a 
area of discussion$) we u d be deligh ed to spend a little tine listening to it o There J.5 

a microphone there or right hereo Yes$) sire Will you identify yourself? 

MR o DICK PECK 9 WREX TV 9 Rockfoxti 9 Illinoisg The demonstrati on that you shCMed -
presumedly the nor.mal amplification of the amplifier itself was somewhere i n the neigh"" 
borhood of 30 to 40 db? 

MRo SCHI.AFLYg I would say that itus probably in that areao 

MRo PECKg How far about that did yoo drive it? 

MRo SCHLAFLY g Well 9 in this particular case 9 let 0 s consider the r at ed output of 
the amplifier as 0 db and let me get an answer for vou fran the backroom here as to hdtle 
far they wento I think a considerable amounto The answer is twelve t o fif t een db ab0~ 
normal rated outputo And 9 you recall a rule of thumb was that every increase of db an 
output level brings about 2 db increase in cross modulationo You knCM that we were 
running pretty high here o 

. MRo TOM MORRISSEY 9 Denverg I was just wondering if t his was an all band or a 
split band amplifier and you might want o make a corrment as to the effect that might 
have on ito 

MR o SCHLAFLYg This is an all band amplifiero The nurrber of channel s that you 
use gives you that rrany more opportunities for cross modulationo I f you have separa
tion of the bands 9 you can substantially reduce sone of the beat frequency or spurious 
s ignal armoyances o 

In cross modulation 9 I vm under the impression 9 Tom ~ that itu s j ust a matter of 
how many channels you gre using 9 no necessarily whether they are hi gh band or lCM bando 
Would you like to correct a ? 

MR o MOPRISSEYg Well~ if w~ have a true split band amplifier 9 of course 9 we have 
two separate channels 1l the s~gnals are going . through~ and this i s . all I was suggestinS 9 

is that there are sorre of those in usee 
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MR e SCHIAFLY g Yes o 

MRe MORRISSEY g Where the signals simpl y don ° t mixe There is no corranon modula
t i on e 

MR e SCHIAFLY g Correct o 

MR e EARL QUAI11 2> Long Island Cable Divis i on g I noti ce that the interference with 
the vertical bare Why was it colored white rather t han black? Wasn ' t this a vertical 
sync bar? And $) wasn 9 t it in the bl ack area? 

MR e SCHIAFLY g Thi s was a vertical sync bare You notice that what video infor
mation you saw was negative o I hink that in t he mathematics analysis you come across 
that inversion of t he cross moo o I s t hat correct $) Ken? There is an inversion of sign 
in this modul ati on as against the nonral modulati on on t he channel that it i s influ
encingo 

MR o JACK T.HREAD3I LD $) Brady ?) Texas g You made measurerrent s here with both the 
scope method and t he W receiver rret hod and from t he pictures you showed us , it look
ed l ike you coul d pick out your cross modul ation bet ter us i ng rast er on a 'N seta 
Did you find this in all your experiements? In other words ~ whi ch way can you detect 

1 it? 

MR o SCHI.AFLYg The most critical met hod is the white screen method , but you 
don ° t get numbers out of the white screen rrethod e And I didn ~ t netni on it , but the 
scope there was calibrat ed in percent of modul ation$) cross modulation interference , 
which could be readily read off if we had chosen to do thato 

MR o T.HREAD3I LD g You can get a va l ue $) but the ot her one will tell you -- i t 
will show up t he problem quicker o 

MRo SCHIAFLY g This i s not an easy thing to measure and I think a good deal of 
thought is going t o have t o be given before we come up wi th an easy way of doing it 
or with a practical way of ding it in the field e Of course ~ the end result i s the 
picture i tself o Pnd $) this vari es greater from viewer t o vi ewere I t 0 s l ike j udging 
hi=fi o If itus your systeml> you think it vs pret ty goode (Laught er) 

MR o TAYLOR a I v 11 t ake a e more ques i ono Then I t hink ~ 0 11 get on with the 
program because we have a number of papers t hat are talking an t he general subject 
of the problems in amplifi ers o I see a hand back there? 

MR o FORESCA. $) Cosbed Cabl e Division g To answer the gentlenen us quest ion about 
the color of the sync baro At one i me I did sorre experiment s on ito If you do change 
t~e cathode bi as of t he te~ebed tha~u s involved . in the inte~odulation process , you 
Wl.ll find that as you go w~ th the b~as on one sJ..de . of the l mear portion you wi ll get 
one polarity sync pulse e As you go on the other sJ..de $) you get a different polarity 
sync pulseo 

MRo SCHIAFLYg Yes SJ I t hink that i s correcto 

MR o FORESCA.g My question is t hato To what extent the number of channel s would 
affect the intermodulation l eve l? 

MR e· SCHlAFLYg Thi s i s parti ally subjective ~ because i t depends on where it lands o 
But if it synchronous it i s an additive e I believe t hat i t is an additive situatione 
Do any of you gent lerren care to comnent on that? 
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MRo TAYLOR g This gentleman here has a questiono Letgs take one more o 

UNIDENTIFIED SPEAKER g Mine is not a questiono I just thought that JIB.ybe he rnigllt 
inform us as to how he set the CW signal on channel and then superimposed the other dl 
the test? 

MR. o SCHIAFLY g As to heM that was done ? 

UNIDENTIFIED SPEAKER ~ Just t o tell us hoW you set this up? 

MRo SCHLAFLYg There were 12 input channels and t here was a CW generatoro 'The 
input channel levels were set through those modulators and t he CW l evel was set at 
the sarre level as the carriers that we had from off-the""'air s ignalo 

UNIDENTIFIED SPEAKER g Bu ~- when you set the CW signal in this test you showed' 
do you kill t he other inf orrration on that channel? 

MR o SCHI.AFLY g Yes $) siro There was only the pure CW signal on t hat channel and 
it beat against the various s i gnals of the t e l evision channels t hat were superimposed, 
mixed at the input t o the amplifiero (Appl ause ) 

MR o TAYLORg Again I want to thank Mro Schlafly very~ very much for coordinating 
this study oo. behalf of the Ad Hoc Standards Corrmitteeo And)) again )) I want to express 
the tremendous cooperation that has been given to this project by a number of manufac; 
turerso We 011 delay just a moment or two while the gear is removed t o make possible 
soma other visual aids o 

I might say that many of the papers yoo will hear today are available in printed 
form and will be available on this tabl e against the wallo 

Our next speaker is Dro Jacob Shekel of the Spencer=Kennedy Laboratory o You have 
his sketch here showing his background and I will not take further tirre to introduce 
himo Dro Jacob Shekel o (Applause ) 

DRo JACOB SHEKELg My t alk will concern noise and cross=modul at ion from a few 
points of viewo We all realize that noise and cross-modulation are the factorS that 
ultimately limit the length of the system or the number of amplifiers that can be 
cascadedo But SJ I 0m not sure that everybody here knows exactly how t o estimate heM 
many of the amplifiers can be cascaded and when that limit is reached ; and how to do 
this before the system is built and before you find it out in effect o I want to sep ... 
arate the problem into three parts g First 9 hoo do we specify or measure or estimate 
the noise and cross=modulation of a single amplifier? Then)) knCMing that ~ hoo do we 
estimate the accumulation of noise and cross=modulation along the trunk line and dis ... 
tribution amplifiers'? And ~ the third question~ where do we stop'? How far do we let. 
it accumulate before we say this is as far as we go ~ because we cannot degrade the pJ.C ... 
ture any further? ' · 

I am not going to discuss the third question o I am not going t o give any numeri' 
cal values on what should be the final noi se or the final cross- modulation , because 
that i s really up to the Standards Commit~ee t o set upo I don ut think there is yet 
any complete agreerrent between the manufacturers or betv.een t he sys tem users on the 
ultimate deqradatian that can be allowedo But I will describe what I hope is a very 
simple way of how to figure out from the specification of a s ingle amplifier what 
the noise .and cross=modul ati on of the t ot al system are expected t o be at the furthest 
point a 

A simple way to estimate the noise at the end of the system j and one that I l<n~ 
i s used quite extensively by system operators )) is a s imple measurerrent with a field
s trength- metero You measure the level of a certain channel at the furthest point of 

. t he line a Then you tum off the channel ·at the head-end and see what rreasurement you 
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can read on the field~strength=meter o This measurement is due only to noise accumu
lated all along t he systemo You t ake the ratio of these two measurements--that is~ 
the difference of t he db readings=-and this i s what i s called carrier-to-noise ratio 
in decibels o 

Now 9 since t his is such a simple method to measure t he carrier= to-noise ratio 
of the system 9 we can a l s o define and specify tne amplifier the same wayo Suppcse 
we take a singl e amplifier of the kind that we 11 re usi ng in the trunk line 9 and con
nect the field-strength~meter at its out put, t erminat e the input and read the metero 
Let 11 s take as an example t hat the field=strength~meter reads at a certain Channel -
~28 dbmvo Then suppose that this ampli f i er i s specifi ed to be used at an output level 
of + 3 3 dbmv o By subt racting t he two numbers Sl remembering that one of them is negative, 
the carrier=to-noi se ratio of a s ingle amplif i er appears to be the difference between 
33 and minus 28 , which i s 61 decibels o This , I think , is the simplest way to measure 
and to estimat e the carrier=te=noise ratio of a s i ngl e amplifier 9 a measurement that 
every operat or can do right in his own off ice or in the field o 

Knowing the carrier=to=noise r atio of a single ampli f i er , what can I expect to 
be the carrier=te=noise ra io when I cas cade any number of them~ Or 9 an alternative 
question 9 hav many can I cascade if I want the carri er=to=noise ratio to be at least 
(let 0s say ) 45 db? 

Now , here we have to go a little into a t able of decibels o I want to show a 
very simple rrethod that every one of us can f ollow t o make up his cwn table of deci
bels without reference t o any handbook or any s lide rules o I think it us a very handy 
thing to knowo 

First 9 we have t o realize that the noise i s a r andom wavefonn ll and if you take 
the noise cont r ibutions of the various amplifiers they are not coherent o If you pi"Qa<> 
ject them on a s cope t here will be no s imilarities between the noise waveforms of 
the various amplifierso When such wavef onns are added, the paver of the total wave 
is equal to the sum of the powers of the various contribut ions a That rreans that a 
noise of two ampli fiers will be 3 db hi gher than t he noise ·of a single amplifier ll 
and the no~se in a trunk of 10 amplif i ers will be 10 db higher than that of a single 
amplifiero 

These are 
and '8 10 t irres 99 

the only two numbers tha t we have t o remember ll that 00 twice" is 3 db 
i s 10 db o I am going to write down the colt.mU1 of dbs from 0 to 10 o 

DB NUMUER DB 

0 1 10 

1 1.25 11 

2 1.6 12 

3 2 13 
-

4 2.5 14 

5 3.2 15 

6 4 16 

7 5 17 

8 6.4 18 

Q 8 19 

10 10 20 

Mult iply by 10 

Divide by 10 

Pig. 1 

NUMBER 

10 

12 . 5 

16 

20 

25 

32 

40 

50 

64 

80 

100 

For •a ch 
3 db step 

We knew t hat 0 db is a ratio of 1 ~ and every 
-t::iJre we add 3 db we double the ratioo Twice 
is the same as dbo So db would be 2 Sl 
and 6 db i s 4 9 and 9 db is 8 , and 12 db is 
1 5J 15 db i s 32 and 18 db is 64o No.v Sl we 
go the other way a lOdb is 10 tines o Going 
backwards 9 3 db below that 9 7 db would be 5 
t imes 9 and 3 db belcw that , 4 db 9 would be 
2 o I:\ 9 and db bel av that would be l o 2 5 .;) To 
compl e t e t he t abl e we no.v go sideways ~ mu1= 

i pl ying and dividing by lO o 
Mult i ply J r Divid• So ]) noo we know heM noise of various 

amplifiers wi l l combine 9 or hew the carrier= 
by 2 0=noi se ratio will change along the line o 

In our example I have used the carrier=to
noise r~tio of a single amplifier at 61 dbo 
If I had two amplifiers they will be 3 db 
worse 9 or 58 db ~ and with 10 amplifiers i 
it wil l be 51 dbo 

New S) let 11 s t ake the following question g. 
If I start with a 61 db carrier-to-noise 
ra io of a single amplifieri hew many can 
I cascade before I reach 45 db? The differ-
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ence between 61 and 45 is 16u Going to the t ablell 16 means 40 amplifierso So S) 40 
amplifiers of that type S) oper a ted a t t hat l evel 9 wi l l give a carrier=to-noise ration 
of 45 db o I can °t say whe ther t hat is acceptable or not $) but at least the system 
operator can go to the end of the system and measure t he carrier~te=noise ratio$) 
and i f the reading i s f ar from 45 db ?) then he knows right away that sanething must 
be w.rongo . . 

This is as far as we can es i mat e the carrier=te=noise r a t io of a single ampl~f~~ 
er and of a line wi h cascaded amplifierso And 9 you will have noticed that I am try~g 
here t o specify the noise of the amplif i er not by its noise f igure 9 which is a cert~n 
measurement refel:"red to t he input$) but by its noise output o Fi rst of all it is eas~er 
t o estimate the output C IN r atio $) and also i t v s a figure which is much easier to nea ... 
sure right in t he fie l d o . 

The second limitation on the system per formance is t he mat ter of cross-modulat~on o 
NCM SJ of course 9 I;1m not sure if we all know $) aft er the previous demonst ration $) what 
exactly cross=modulat· on ~So Maybe we know much more than we knew an hour agoo But ~ 
for the purpose of my talk i+ s ffi'"'es t 1.at we can put a number t o it o We say that 
an amplif i er operated a~ a certair level w th a given number of char~els will have a 
certain amount of cross=modu.ationo 

Fi rst of all$) i -r is important t:hat bot-ll 1"J1e l eve l and t he number of carriers be 
specifi ed SJ because he amount- of cross= modulati on changes with t hose two numbers ll as 
it was demonst rated before o Also 9 +.be number whi ch specified the cross...,modulation can 
be given in two ways" -+ can be gJ..ven in negative decibel s (or 99db down")$) or it can 
be gi ven as a percentage modulat"i·:no The treaning of the latt er i s t hat if we start . 1 
with a CW carri er as ou..,.., +;es"t s~gnal., the modulation imposed by the ot her carriers wJ.l 
be a certain percen .age o 

The two specificat~ons are equiva len't t o each ot }-l.,er and there is a very simple 
way of passing f rom one ,.o the other o t 

Let 0s l ook f..:.rs"t at jus the nu.ddle l ine of t he nanogram on page 165 $) the one tha 
is marked 99cross=modula--:~on tr" Here yo· see two scales~ one in decibel s and the ot~et 
in pel::"cent age o For example$) minus i-+0 db co~sponds t o 19.: )l minus 60 to o 10% and nunus 
72 corresponds t o o0259.:o 

Now I would like to suggest that s pecificati ons be given in percentage rather 
than db )) because t hen 't e way that cross=modulation accumu at es along the trunk is 
very simpl y compu ed~ You JUSt mu· 1- ..~..p y his number by th~ number of amplifiers o 

Let 0s t ake as an example tha-t- a tk amplif~er is speci fied t o have o008% cross- modU ... 
l ation when oper a ed at all o~ tp l ~ ·el of + 3 3 dbmv w~ th 12 channels o (How to get . 
this number i n the firs p laCP- wil oo sh.<Mn l a .era I t ·o ·l d be the number given dl.., 
rectl y by the manufacturer~ or ~t may have bee computed from an equiva l ent number 
given by t he manufacturer a) 5 

The cross=modula_1an ~s really a superposition of the modula i on of ot her chanDel 
onto the channel we are wa hinge And as we go a ong the line ~ all the contributions elS 
of all the amplif iers JUSt add p phase on top of each o her 9 because all the chaJ111 
progress along the l.J.ne a+ :he arre speedo If we have a ross=modulati on of a008% fori .. 
one ampl ifi er $) we will have a cross-=mod of o016 9.: for 2 ampli f i ers and o024% for 3 arnP1l~ 
f iers o Suppose we have ~a trunk amp ifierss and all of them operat ed a t the sarre leve 
the t otal cross=modulation WJ..ll be o00 8 -t-ines 0 9 whi ch i s o24% o .. !'

9 
Now 9 this i s onl y t he trunko We also add cross=modulat~on in a bridging ampl~~l~~ 

di s tribution ampl~fiers ~ lme extens~on amplif i ers a (In identally ~ in these amplif ~~ n, 
s i nce we try to oper at e th m at the highest l evel possible ~ we do have cross- modulatJ.O 
but we have almost no ef f ect on the nois~o Thatv s why I have di sregarded it in the 
f i rst part of my t alk)o 

We have o24% accumul at ed a l ong the trunk l ine a Suppose t hat noo we start from , 
here into a distri bution amplif i e r" and l e t 0 s take again as an exampl e that it is spe~e 
ified to have ol% cross =modulation a t +58 dbmv for 12=channel operati on o If we ope~a 
it at this level~ i t WJ.ll add o 1 9! cross ""'modo Again all the channel s cane to this aJllP' 
l i f i e r at the sarre t irre all ogether)) so on t op of the o249.: f rom the trunk line we 
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have t o add ol% of the dis tribution amplifier and we end up wi th o34%o . 
If we have no further amplifiers in the line ~ we can expect the cus torrer to have 

a cross- mod of o34%o Suppose that a cus t orrer is f urther a l ong the line ~ where we 
have another l ine=extension amplifier o All we have t o do again is to add the cross
modulation contributed by that amplif i ero And ~ t hus by a simple process of addition 
of the contributions of vari ous amplifiers we can very easi ly estimate the cross
modulation of t he pi ctures at the cust omer t apo 

ng There i s sane diff erence between noise and cross=mod rreasurerrents ~ because the 
n noise can easily be measured at the custaner tap and you can canpare this to the can~ 
r puted results ; whereas S) t he cross=mod measurement i s a little more canplicated and 

the equipnent i s usually not such that can be taken t o t he custaners u house or carried 
around in a trucko I hope that within a year or s o maybe some of t he manufacturers 

1o will come up wi th small kits t o measure cross,., modulat ion s when the Standard Comni ttee 
will have decided on a met hod t hat i s sati sfactory to everybodyo 

l 

Now ~ the only thing that remains i n th~s rrethod of es t irra.t ing noise and -;s= 
mod i s how to find the ross=modula i on of a single amplifiero In noi se s it was simple o 
\.Je j us t take an ampl i f i er and measure ito We disregard the manufacturer 9s specs ; we 
can check it every time o 

On cross=m<:xl we have to s t:art fran one number given by t he manufacturer ; and var
ious manufacturers have varo o s ways of specifyingo For example ~ some manufacturers 
specify the level at which t he cross=modul ation for a number of channel s i s 57 db S) 
while at least one other manufacturer specifies the level at whi ch the cross=modulation 
is o05% when only two carriers are used in t he t esto 
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The nomogram shows a way of com= 
paring these vari ous specifica= 

i ons ; and a l so a method to es= 
tirrate what the cross- mod woul d 
be a t t he leve l that you actual ly 
use in t he ampl ifiero 

There are three scales on 
this nomograrng The middle scal e 
i s the cPOSs=modulati on that we 
discussed before o The upper scale 
i s the output of the ampli fier i n 
dbmv ~ and he l ower scale is the 
number of carriers usedo This 
scale is really in two parts and 
we can use either of them ~ whi ch= 
ever is more conveni ento 

For a first example I ' 11 start 
wi th an amplif i er speci fied at o05% 
two carriers at 46 dbmv 9 and we 
want t o knav mat would be the 
cross=modulation if you operated 
12 carriers at +33 dbmva First )) 
we use the bottom part of the nomo
gram t o find what i s the effect of 
number of car.riers o Here I want 
to point out that the assumption 
on thi s nomogram is that the cross
modul ation from various carri ers 
will add incoherently o If we have 
many carri ers that are on the sarre 
network that produce coherent sync 

· pulses l! the addi tian will be more 
severe than it is here o) 



So 9 we join the point of "2 ca.rriers 9 " and o 05% cross-modulation ~ find the int:r-
section with line B9 and then connect the n12-carriervv point through that intersectlon 
point up to the cross=modulation scaleo This shows something around o 16% (we- don Q t 
really have to estimate this point exactly because this i s only a partial answer)o . 

Now~ we go to the upper part of the nomogram and see what e ffect the level will 
have o We have now changed the nwnber of carriers fran 2 to 12 o We take that inte:rm3"' 
diate point (which is roughly o 16% ) Sl correct it t o the +46 dbmv and go up to line Ao 

1 From that point we come down to the +3 ? dbmv point and we end up on the cross- mod scae 
at o008%o 

To s\..UilJTal:'lize 9 I u ve used the bottom part to see the effect of number of carriers 
at the same output level ; and the upper part for the effect of t he output level at a 
constant number of carriersa 

As a second example 9 suppose the amplifier is specified as havi ng - 57 db cross
mod at the level of +48 dbmv for 12 carriers a Here we don v t have t o change the num
ber of carri ers 9 and all we have t o work wi th is the upper part of the nomogram a We 
connect the poi nt a t = 7 db t o the +48 dbmv 9 go up to line Ao Now~ suppose we are 
using the amplifier a t a l eve l of +3 , dbmv ~ so we connect that point from scale A 
through the +3 7 and come up t o oOlO% cross=modulation o This is t he s t arting point 
for the computation of t he trunk l inea 

Well}) this is really all I wan ed to show a How we estimate~ or how we read the 
specification ll or how we measure noi se and cross-modulation with a single amplifier 
at the level we are going t o wor k i 9 how the noise and cross- mod accumulate along the 
line and what we can expect as the f i nal noise and cross-mod at the end of the linea 

Now}) are there any quest ions? 

MR o KEN SIMONS ~ This really isn ~ t a quest ion o I 0m cheatingo r um going to say 
two words a First 9 I want to thank Dr a Shekel for a very clear present at ion of some 
facts that are l ong overdue in this industry o And }) only one small point do I find 
that I would try to add a If you 0 re addi ng numbers 9 the easiest way t o add them is 
to add them }) 100 plus 100 i s 200a I f you 0re multiplying numbers~ particularly can
plex numbers 9 it 0s often convenient t o use logarithms o The log of 100 i s 2 ~ 2 plus 
2 is 4 }) 10 to the 4th is lO ~ OOO a It i s easier than to multiply the numbers them
selvesa In the same way I believe in this business of cross- modulation and in many . 
other facets of our canmunity bus i ness 9 we have to jump back and forth between dbs 
and percentS! and I believe we can )) as Dro Shekel has shown you here 9 greatly simplifY 
the relationships i nvolvedo Itqs much easi er t o say that each amplifier contributed 
al% cross=modulation than it i s t o say t hat dbs go up 6 db every time the number of 
amplifiers is doubled }) or something complicated l ike that o However 9 I wouldn ' t say 
this worked all the t i me a For instance Sl when you v re talking about change in levels ~ 
the amount of cross""'modulation goes up 2 db for each l db change in leve l , and thatv s 
easier to say than t o say t hat the percent age i s squaredo 

MR o TAYLOR g Thank you Sl Keno And ~ because we 0 re running a little behind t ime -
our demonstration took a lit t le l onger than we had counted on~ I think we 9ll pass 
onto another paper wi thout further quest ions o Thank youo 

DRa SHEKELg May I jus give a not=answer to the not ... questiono I just want to 
defend in a couple of words the method of percentage 9 although as I say they are both 
equivalent and you can easily pass from one to anothero First of all ~ i t seems to rre 
that percentage is easier when you have to add the contributions of var i ous types of 
amplifiers o The cross=modulati on of one i s multiplied by the number of amplifiers in 
the trunk; and when you add the distribution amplifier~ it is much easier using per
centagesa · 

As far as seeing t he effect of output level on cross- modulation when it is in pe~ 
. cent~ one · way would be using t;he nomogram ~ and the second way would be us ing the same 

table of dbs :that I just invented .10 minutes agoo Because 9 you _ will check that if you 
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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 
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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 

Hl68 



l 

m 
.is 

s, 
f 

o.d 

t 

j 

... - ' ' ' 

RELATION BETWEEN TIME DELAY AND ENVELOPE DELAY 

i·L------
~<lf l ~~ /1, l 

/ l 
0 '• fc-

FREQUENCY 

I 
I 

>-<l 
_J 
w 
0 

I 

0 

ENVELOPE DELAY 

, / 
TIME 

---~ DELAY 

I IDEAL 
I SYSTEI 
I RESPOI 

I 
fc 

PHASE vs FREQUENCY 

TIME DELAY • _!_ 

DELAY vs FREQUENCY 

fc 
~ 

ENVEl.OPE DELAY • fc-fx 

PHASE 
SHIFT 

FREQUENCY 

ENVELOPE 
DELAY 

FREQUENCY 

/ 
/ 

FIGURE !5. PHASE AND DELAY DEVIATION FROM LINEARITY. (NOTE THAT THE DOTTED 
LINE INDICATES THE SLOW DEVIATION FROM LINEARITY) 

! .. b __ 
0 ,_ 

FREOUlNCY 

TIME-

TIME-

PU..SE DISTORTION DUE TO 

-· 

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
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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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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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sketches will be cir culated while he! s talkingo Mro l~obert Cowart a 

MRe ROBERT COWART ~ I like in part icular that ETA part, so I ' ll be very briefo 
I ' d like t o talk to you this morning briefl y on system reliabilityo 

These days we find outselves building more and more systems into areas that alreadY 
have available to t hem s trong high quality , hi~ly rel iable , local off-the-air signalSo 
In order for a system to compete under t hese conditions, t he system must be engineered 
in such a fashi on t hat it could successfully compet e in terms of t he same quality, re
liability and perf ormance as these off-the-air s i gnals o The preli minary deter.minan~s 
of quality are signal-to-noise ratio, cross modulation and ghosts e You are all f~~ 
liar with these terms as a result of the industry school s which outline and detail 
methods of qualitative determinatione I am sure that by now you are all familiar with 
these tenns, with thei r method of determinat ion and know of many ways in which to irn ... 
prove theme A fourth ~ extremely important~ f actor is reliabilityo A subject which 
has frequently been. ignored both in the past and at t he present a My purpose today 
i s to acquai nt you with the basics of reliability and to point out to you same methods 
by which present sys tem reliability can be i mproved a 

Many studi es have been made in the past bot h by military and commercial interests 
in the pursuit of those factors that control and influence reliability o In almost e
very case explored the most highly reliable system was t he simplest systemo I am sure 
you will al l agree from your own experience that t his is the caseo The military ans ... 
wer for increased reliability is redundancy o This means having almost two complete 
sets of basic equipment, one ready to take over the f unction of t he first , should it 
failo The commercial solution to reliability i s primarily by increasing the relia- . 
bili ty of the components and increasing the size, weight and mass of the device o ThlS 
is more or less the brute force approache 

In CATV, neither of these two standard appr oaches is really available to us be
cause of t he unusual demands we make of the device o In t ransistorized equipment we 
sacrifice virtually everything for the sake of a lower noise figure or increased out~ 
put capability o We are pushing the upper l imits of the State of t he Art o We can ' t 
use redundancy because of coste We can~t use hi gher reliable components because high 
reliable, hig;h per f ormance transistors are not available yet a We must achieve ·our 
reliability i n the method in which we construct our systems, and in the method in 
which we utili ze the manufacture's producto 

Most manufacturers today design equipment t hat i s inherently rel i able o In rrany, 
many cases that we have examined we find that this inherent reliability of the de
vice is lost in its applicationo 

Reliabili ty in electronics systems is gener ally considered t o mean the length of 
time between events that render the system i ncapable of performing i ts designed func ... 
tion e In indust ry , exhaustive and extremely expensive studies are made to detennine 
and assi gn quantitative yalues for the time between failure o This period is often re' 
ferred to as mean time between failure or· i1TBF o In CATV these nwnbers are not avail~ 
able but the principle guiding the establishment of t hese numbers is available and it 
is with this principle that we will concern this discussion o 

If all of the components of an electroni cs system are considered to be function
ally in series and i f the failure of any components in this series chain results in 
a system failure then the overall system rel i abilit y can be expressed by a very simple 
formula e This fornula states that the overall system reliability , designated by the 
symbol "R"., is equal to the reliability of each of the series components raised to 
the power of the number of those components that are in series a 

R = rD 
Where r = rrean reliability (proba.bili ty function) of each component a 

n = number of components i n series o 
This expression demonstrates something that you know intuitively +.o be true o In 

other words, the longer your trunk l ine i n a system the greater t he prob.1bili ty of faiJ:' 
ure of a ccfponent of the trunko Conversely, the shorter the line ·tne less chance of 
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failureo The formula also allows us to show mathematically that given two different 
amplifiers if twice as many amplifiers are used in a system of Type "A" as are Type 
"B" and Type "B" has half the reliability of Type "A" then the overall reliability 
of the system is exactly the same because there are t~ice as many pieces used but 

Y the reliability of each piece is twice as greato You intuitively know that the state
ment is correcto 

The formula also shows that the high reliability system would have few parts and 
each part in itself should have the highest possiole reliability o T&ards accomplish
ing this end we custorrarily, in large systems, use extremely low loss trunk cable such 
as 3/4" aluminum and the highest possible db spacing between amplifiers because in our 
trunk system the highest reliability component is the cable; secondly, would undoubted
ly be the connector; thirdly, the accessory items, splitters, directional couplers, 
etco; and lastly with least reliability is the amplifier itselfo Our major signifi
cant contribution to reliability of that trunk segment would be to decrease, by what
ever means we could the cable loss, utilize wide amplifier spacing, etc., the number 
of amplifiers funct ionally i n series o In our ef forts to increase the reliability of 
that trunk segment we would attempt to reduce the t otal number of objects with l esser 
reliability than t he cable t o a mini mumo This would mean we would reduce the number 
of splices, if possible~ by care in our construction; we would reduce the number of 
splitters , directional couplers$ equalizers and other objects inserted in the lines 
and try and make as much of the line as we could, sheer cable : Because, of course , 
the cable is the most highly reliable item of our componentso 

The same reasoning establishes a guide line in the design of equipment and has 
prompted most major manufacturers to abandon the practice of using splitters to gener
ate inputs to associated distribution equipment and to instead build into the trunk 
amplifier chassis a fixed directional coupler to provide the· input to distributiono 
When this is done we eliminate a jumper and several connectors that we used to use 
in the past to accomplish t his o The same reasoning demands that in transistorized 
equipment the equipment should be mounted without equipment enclosureso That means 
not with the use of an equipment cabinet o When an equipment cabinet is used the 
signal must pass through a bulkhead connector ~ a rra.ting connector internally in the 
cabinet , a jumper~ and finally through another connector on the end of the jumper and 
into the amplifier chassis o The same thing is true on the output of the amplifier a 

When this is done there are five additional elements functionally in series with the 
signal between the two ends of the trunk cable o Al thou~_,h connectors have inherently 
high reliability, by removing the eight connector assemblies fran the line and repla
cing them with two direct entry connectors, we have thus improved the reliability of 
each amplifier stat ion four times o You intuitively know that the reliability of this 
configuration is far less than t he direct entry type connector permanently mounted to 
the amplifier chassis o 

In an operating system when you examine at the end of the year the maintenance 
that has been given to the system, you find some rather curious things o You find first 
of all that many of your syst em outages were not caused by any inherent failure of the 
amplifier itselfo You find that they were caused by such unrelated things as power 
failures; by cars breaking off power poles; by trees falling across distribution and 
trunk cables; by the failure of fuses as a function of temperature; by lightning 
strikes; and by employee carelessness in leaving amplif iers disconnected, etcc Ano
ther important point that gains in significance as we move into the area of transis
torized system construct ion with many, many , amplifiers dependant on a single power 
supply is that extreme caution should be used in selecting the location for the power 
supplyo I am·sure that you have all had an experience where a certain amplifier in 
your system continually caused you trouble because of failure of secondary voltage 
delivered by the .power company o We have seen amplifiers installed and taking power 
from power company transformers already seriously over-loadedo Few of· you have given 
any thought to requesting the power company to provide you with your own transformer, 
which need not be very large, to assure yourself of a non-interrupted source of powero 
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The cost i c:; very l ow and the reward in terms of i ncreased reliability is greato 'The~e 
t hings again point up t he f act that in system design, a syst em should be engineered 111 
such a fashi on so that the absol ute minimum of active element s of the systern are in 
cascade o Ideally , as we have all discussed many times in the past , a system would be 
arranged in the manner of a wheel; with the cent er of t he wl1eel the point of signal 
origination and of radial lines f rom the wr1eel hub t o t he outlyi ng distribution area5o 
Although t his i s obviousl y impractical in most cases , an attempt to accomplish this 
type of construction can be made by the adoption and usage of extremely low loss mas
ter trunk cables as a backbone of the systemo This nevJ confi gurat i on will resemble 
somewhat the skeleton of a fish ; with the master trunk cabl e being the backbone of 
the skeleton and distribut i on at right angles t o this mast er trunk but in much, much 
smaller Seg]Ilents a ·· 

Many of you have suggested i n the past that you accompl ished a form of redundancY 
by paralleling master trunks perhaps several blocks or half a mile or so apart 9 but 
when you examine the situation existing in parallel trunk , you find that you have not 
accomplished your purpose because t he basic law of system reliability catches up with 
youo Remember, it states that t he reliability decreases exponentially i n proportion 
to t he number of active elements in cascade o By paralleling mas t er trunk you are in 
effect doubling t he number of elements in cascade o Now i t is t rue t hat by the redun
dant parallel trunk met hod you do restrict t he service fault t o a smaller area , how
ever, if the two or more trunk segnents are exactly the same length, then t he system 
reliability itself, on the basis of our defi ni tion of fault~ i s actually impaired by 
t he same number of trunk lines exist ingo 

In summary, l et 9s recap the maj or points that we have es t abl i shedo A system 
gains RELIABILITY by SIMPLICITY o This means that when you make your new layouts, 1ooJ< 
at them carefully t o detenrune if you have taken the shortest r oute, i f you have ar
ranged your construction to utilize a minimum of connectors and splices , see if your 
power feeds come from a reliable source and r~e sure that you are ut i lizing as fullY 
as possible the reliability delivered t o you by the rnanufacturers o 

Thank you o (Appl ause ) 

MR o TAYLOR ~ I would open the floor to questions on any of t he subjects we ' ve 
been answeringo Leta s take any quest i ons t o Bob Cowart f irst, if you have them , how
evera Are there any questions on this Syst ems Rel iabi l i ty that you' d l ike t o ask Bob 
Cowart? Well~ if there are no questions specif ically t o Bob , they may arise l ater o 
I shut off a number of questions earlier~ part icularl y on the subject of envelope 
delayo Ken Simons a 

MR o SIMONS g Again ~ this isnut a quest ion a I would l ike to t ake a few minutes 
if you don 1 t mind t o show you a little scheme that we have used f or some years in our 
l ab t o rreasure group delayo You might call it Do- it=yourself-gr oup- delay-measurement o 
I t t akes equipment that most of you wi ll have in your service shop or lab and I thinJ< 
there ' s enough time to sket ch it outa The accuracy is not of the hi ghes t order but 
perhaps we nll make up for t hat i n the cheapness of the equipment usedo 

I should give a credit hereo The very fine grease pencil I "m about to use is 
t hrough the courtesy of VIKTI~G o 

Now, t he basis of t his method of group delay measurement is the constant delay 
of a l ong piece of cableo If you have a reel of cable and I wll represent it this 
wayo Thatns a piece of cableo It ' s on a reel and you ure l ooking at it in 4th dimen
SJ.On o The delay from here t o here is constant , approximat ely cons tant as Mro Rogeness 
told us a ·Bow we can use t his . onstant delay t hi ng t o help us in measuring the delay 
error or the actual group del ay of. a piece of equipment? Well , .we s t art over here 
with a sweep frequency generator a 1here .are a good many reputabl e manufacturers -
you can take your choice a 

We spl~t two ways wit h either a 6 db resistive splitter or a 3 db reactive spli
tero We hafe now two outputs, one .going here and one here o Thi s one goes up to the 
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cable and now over here we combine agaJ.no And, we do nothing hereo We just put in 
a jumper, very simple o Over here we put a detector and we put it on the scope o 

Now, because we have two pads here combining at this point, we have reinforce
rent at frequencies where the two signals are in phase o We have cancellation at fre
quencies where they are out of phase and net result: We have a pattern which is this 
one and if the cable is quite long it does it quite ofteno High frequency ripple pat
tern you might call ito 

Because the delay of the cable is constant, the ripples occur at precisely spaced 
frequencies and a very simple relation exists at the frequency separation between ad
jacent minima and gives us the group delayo 

The frequencies in microseconds and then we have microseconds., If the frequency 
is in megacycles, the time delay is in microseconds o TI1e only limitation the method 
has -- it has two limitations o You want a good piece of cable that has a very uni
fonn and impedance characteristic just so that various anoTIB.lies don't get in. The 
loss of the cable -- no -- the accuracy of balanceo I left one item out of hereo 
You have to put an attenuator in because the signal at this point is reduced by the 
loss of the cable, - - a low loss cable works better and you put in a certain amount 
of attenuation just so that the rniniTIB. gets sharp, the nose are sharpo 

Now, having very sharp nose, you can very precisely determine this frequency 
and take their difference and get the group delayo You first do this with just the 
cable and get a delay characteristic of the cable, which is approximately constant, 
surprisingly constant in practice , and then you put in whatever you want to rreasure 
here - system or amplifiero It adds delay to this lag and ripples becorre more clcse
ly spaced where the group delay is steep and space outward isn't o So you have a group 
delay characteristic, calculated and plotted on papero Anq I don't think it costs 
anything providing you have all the equipment o (Applause) 

MRo TAYLOR: Thank you, Ken o I see a question right hereo Will you identify 
yourself, please? 

MRo DONALD LEVINSON, Wheeli ng, West Virginia: I would like to knew whether any
body in the industry has been using the AT&T VIT signals and whether any work has 
been done in their field to evaluate our systems? 

MR o TAYLOR ~ Does anybody care to respond on that? Will you identify yourself? 

MR o BOB LEWIS, Dubuque, Ohio : The problem using these VIT Signals you end up 
taking tronoscope or scope for the time delay o I used it for checking microwave and 
I used it for taking times 24 scope o It is a good indication of color responseo 
You can use it on the systemo We ' ve done this, but it takes a wide band detector, 
so there's problems in doing it but it is a good checko 

MRo TAYLOR : Thank you o Anybody have further questions t Thank you all. 
Meeting is adjournedo 
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