
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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