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You are familiar with this mounting arrangemento As you can see the pe~ 
formance of these antennas is very respectableo 

Well 9 in conclusion 7 through the presentation of data I hope I have 
Shown you that antenna characteristics may be predicted only when all in
fluenc ing parameters are taken into consideration o The support tower in 
mos t cases will influence the per formance of an array o Even with the 
limited amount of data presented here s you can realize the difficulty of 
trying to analyze the distortion in various configurations a tower might 
Present o Only through the use of mounting techniques and antennas which 
tend to minimize the effects of towers can accurate prediction be made~ 
I hope the data contained in this paper will provide the CATV technician 
With a better understanding of antenna array performance and will provide 
a basis for i mproved techniques in fabricating antenna arrayso I thank 
You 0 

CHAIRMAN PALMER ~ Thank you 9 Blair Weston o Let's proceed with 
questions for Blair o 

QUESTION ~ Is there any practical way of taking antenna array patterns 
on ante nnas already on a tower? 

MRo WESTON ~ It 9 s somewhat difficult to rotate towers to obtain pat
terns 9 although I believe one of the c ommon practices in the broadcast 
field is proof of performance and such is to, in a transmitting situation, 
Use the antenna as a transmitter and by covering a circular path around 
the antenna with a receiver on a vehicle to plot it out point by pointo 
l don ut know how far the FCC would let you get away with the applying 
Power to your antennas and running around it to see what the characteris 
tics are o But this is the only technique with which I would be familiaro 

CHAIRMAN PALMER ~ Other questions? 

MR o WESTON ~ As I understand the question ~ you wonder why we have 
bot presented data on the parabolic antenna? 

Well ~ literally speaking 9 we did not have available the parabolic 
antenna to evaluate~ Secondly 9 the size and such of the parabolic an
tenna would not lend itself very well to the taking of measurements due 
to various problems you 0 d run into o Main reason 9 we have not had the 
availabil ity of a parabolic antenna to evaluateo 

CHAIRMAN PALMER ~ Further questions? Thank you 9 Blair o 
Our next speaker is Bill Rheinfelder 9 Anaconda Astrodatao Bill was 

~taff consul tant at Motorola 9 high freque ncy applications 1957 to 19610 

1
uring the end of this period he also acted as a consultant for AMECO and 
eft Motorola at that ~ somewhat thereafter 9 to go to AMECO as Director of 

n&no Then in 1965 he joined Astrodata as Director of Research and Develo~ 
~ent - CATV in Anaheim 3 California o Bill Rheinfelder has his masters of 
:Cience and e l ectrical engineering from the Institute of Tech?ology at 

Unich 9 Germanyo Bill will talk to us on Advanced CATV System Conceptso 
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MRo WILLIAM Ao RHEINFELDER (ANACONDA ASTRODATA) ~ Recently new con
cepts for CATV Systems have been developed which together with a complete 
line of integrated equipment result in greatly improved performance qualitY 
and previously unheard of freedom from maintenance in CATV systemso In e$; 

plaining these new concepts it is advantageous to go back t o the basic 
STANDARD 9 which is the real criterion of .system performance 9 and that iS 
the s ignal to noise ratio at the subscriber's TV set o According to SMPT£ 
and other standards 40 db signal to noise ratio defines a flawless 9 studi0; 

type picture of the highest quality o All efforts in CATV system design are 
therefore directed toward maintaining a minimum signal to noise ratio of 
40 db to the subscriber ~ s borne o When amplifiers are cascaded 9 well estab' 
lished derat i ng formulas indicate a logarithmic degradation of system pet' 
formance 9 for example 9 in a cascade of 100 amplifiers overload and noise ·c 
level must be derated by 20 db each 9 leading t o a total dec r ease of dynam~ 
range by 40 db over that of an individual amplifer o Dynamic range is de' 
fined as overload to noise ratio o For a 40 db signal to noise ratio at 
the end of a system of 100 cascaded amplifiers 9 it i s then necessary to 
use amplifers with a dynamic range of at least 80 db o 

iP In the past 9 amplifiers of this quali ty were not available~ either d 
tube or solid- state versions o Typical values achieved in the past for goo 
qual ity equipment were 65 to · 7o db dynamic rangeo 

However
9 

amplifiers are now available - due to a breakthrough in cit' 
cuit engineering - with a far improved output capability of 60 dbmv and 
with an Extended Dynamic Range of 88 db 9 an improvement of about 15 db o lP 
Figure l amplif ier and system dynamic 
·range is pictured o The typical ampli
fier presently in use in solid state 
CATV system (shown dashed) has a dynam
ic range of about 65 db ~ which is de
rated to 40 db after a cascade of only 

FIG, 1 AMpL!fll! AND SYUIM QJNAMIC !ANGI -
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70 
100 

sently used type ! 
It is clear that dynamic range at this time is no longer the major 

obs tacle in real izing long cascades with top quality 3 and we might ask otl~ 
selves what are the real limitations to better and better systems now tba 
dynamic range9 that is overlead and n~ise l evel of amplifiers ~ is less i~~ 
portant 9 and -what can be done to achieve the ultimate in CATV . 

Advanced concepts which have been recently introduced deal with thie 
particular subject o One of these c oncepts refers to a Fully Automatic 
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Maintr unk Syst em 9 another conc ept leads t o an optimized High . Level Distri
but ion Systemn 

In analyzing exis ting s ys tems 9 it is often found that even short 
sys tems fail to perform as expec ted o Where a signal to noise ratio of 40 
db should be pos sible 9 onl y 30 db is realized o Trac i ng these difficulties 
it is found that the c ommon cause for all these problems lies in inaccur
acies of system equ a l i zation o It i s easy to see that an error of 1 db at 
one channel per ampl ifier may lead after ten amplifiers to an error of 10 
db 9 which causes t he s ame picture degrada t ion after ten amplifiers , which · 
Would normally resul t after 100 ampl if i ers if no alignment errors existedo 
Consequently 9 ever yt h i ng must be done t o achieve the best possible flat
ness of equalization in t he system o It is worthwhile 9 to examine the 
Various sources of error i n a CATV system as some of them are incompatible 
With a Fully Automat i c Ma i n trunk Sys t emo 

Foremost among t he error sour ces are jumper cables l) 9 external to 
equipmen t 9 or internal o Although i t has been pointed out repeatedly that 
jumper cables are inc ompatible with quality system design 9 they still are 
the .major offender o No matter how shor t or long 9 a jumper always causes 
troubleo With a VSWR of lo l 9 a basic error of tl db is possibleo The 
length of the jumper determines the f requency of maximum error o A length 
0 f two inches is al r ea dy too long 9 and ther e is just no other remedy than 
the complete elimina t ion of jumpers i n allband CATV systemso This , of 
Course 9 requires t he use of amplifiers s pecially des i gne d for this service 
With built-on cable c onnectors and se l f-contained hotiSings o Amplifiers of 
this type have been available for a bou t two years o However 9 the problem 
Of jumper cables cont i nu e s r igh t into the amplifier itself o A lead length 
Of more than 1 inch fr om t he i npu t or output connector of an amplifier to 
the circuit itself leads to definite trouble, that is the unit may align 
flat on the test bench 9 wh i l e it will not be flat in the field y even with
out external jumper cables o Ampl i fi ers with large housings and excessive 
~odularity fall short in t h is r espect 9 because this involves extra lead 
length 9 which in turn causes a di f ferent frequency response in the system 
than on the test bench o 

Let us assume now t ha t jumper cables and excessive connector lead 
lengths have been avoided and tha t we have a well-designed amplifiero 
What other problems do we encounte r in the system which limit system 
length? 

At this time 9 we s hould consider test points and field instrumenta
tion o Although this poin t has been made elsewhere 9 2) I would like to 
repeat that at the pr ese nt s t ate of the art 9 there is no way of making 
sensible field adjustments exc ept correction for coarse maladjustmento 
~hat I mean to say is 9 that the r equired alignment-accuracy of top qual
tty systems of ~Oo25 db c annot be pr esently achieved by field adjustments 
but only at the-factory o Test poi nts from various reasons have a toler
ance of +1 db 9 and fi e ld instr umentation is specified commonly at ~2 dbo 
To that is added the effect of j umpe r cables and you can see that field 
adjus tments only make sense for gr oss errors of severl db 8 but are use
less for t op quality systemso 
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An example of t ypical error s i n 
fie l d measurements a re given in Figur e 
2 o These measur ements were made on a 
popular amplifer us i ng the most c ommon 
type of test point o Al t hough t he out
pu t s i gnal of the ampl ifier was f lat 
to ~ol db for this t es t 9 t he reading 
on the field . strength meter s hows the 
t ypical error curve due t o t he jumpe~ 
cable from test point t o fie ld 
s t r e ng th metero A d i ff erent length 
of jumper cable would mere ly sh i ft the 
f r eque ncy of the peaks a nd nulls 9 with
ou t c hanging the peak t o val l ey r atio o 
There are methods- of r educing t hese 
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measurement errors c onsiderabl y wi thout redesign of the test points o AlS0 

new c oncepts f or highly accurate level i nd i cators have been developed but 
even with these 9 a st i l l be t ter c onc ept f or the maintr unk is based on a 
Fully Automatic Maintrunk Systemo 

Th e key features of t h i s c onc ept are given in Table I. 

TABLE I 

FEATURES OF FAMS 

l o Precision 9 factor y al i gned maintrunk amplifiers . 
2 0 Automatic correct ion for dev iat ions in spacing to the 

fie l do 
3 0 Automatic cor rec t i on for cable variation with tempera

ture o 
4 o Automatic system level contro l o 
5 0 Automatic bridgers o 

Precision 9 factory-al i gned amplifiers a r e now available standardized 
for t he modern s pac ing of 22 db 9 which is the optimum spacing for cascadee 
of up t o 160 amplifiers of the new Extended Dynamic Range Typeo These amr 
lifiers may be us ed wi t hou t adjustment f or a normal range of different 
spacings du e to the effective circuits for automatic spacing correction 
which ar e used i n the systemo 

Automatic c orrection circuitry i s based on either open or closed 
loop sys tems o An open- loop system is a system where the error in the sys~ 
tern is unrela ted t o the means of correct ion ~ it is not a f eedback system· 
Th i s is easiest explained i n ·an exampl e o Let us assume a circuit or amp~ 
lifier has been designed t o change in ga i n and frequency response with 
temperature ~ by using temperature sensi t i ve components o Such an amplifiet 
or equalizer might be des i gned t o have an i nvers e frequ ency r esponse witb 
temperature t o t hat of coaxial cable ; f or instance , as the cable loss in~ 
creases with · t he temper ature 9 the circu i t loss dec r eases with temperature 
by an equa l amouni s t hereby providing c ompensation of th e cable variatioP · 
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In Figure 3a a n open·-,loop system 
of temperature compensa t 0 .on is shown 
(top of Figure 3) 0 Temperature input 
1 to the cable controls loss in the 
Cable 9 and temperature i nput 2 to the 
equal izer or amplifier affects compen
sat ion circuits o Such an open-loop 
system has been used frequently be
cause of its simpl icity 9 but it fail s 
to perform sufficient ly well for use 
in the maintrunk 9 although this has 
been attempted and in some systems is 
the sole and inadequate me thod of tem
Perature compensation o The shortcom
ings of the open-loop syst ems are 
evident from the example of an ampli-

JIMPUATUII 
IINIItiVI 

!II 
flMPIIAfUif lNI'UT lOCATION 1 INPUT lOC:AtiON 2 

rtG. J• OPIN · LOOP JYtTIM 
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fier or equalizer be ing in the shade of a tree while the cable is in the 
sum o Since the equalizer does not sense the cable temperature , it cannot 
Comp~nsate under such a conditiono The open-loop system is useful where 
a low cost approach is needed and for short cascades o It is incorporated 
in the better c lass of distribution amplifiers and may be used on the 
~aintrunk in conjunction with a well working closed-loop system which cor
rects for the deficiencies of the open-loop system o 

In a closed-loop system 9 the actua l error signal is determined by 
Comparison with a reference signal and a c orrection is made so as to null 
the difference o The output signal is then automatically kept at the de
Sired level o (Figure 3b)o Circuits for automatic spacing and temperature 
Correction are based on closed-loop principleso In addition to these fea
tures 9 automatic system level control incorporated in a new line of AGe
amplifiers has been referenced to internal voltage standards of such pre
Cision that it is now possible to calibrate field strength meters from the 
output of the amplif ierso The accuracy of new automatic level control 
Circuitry is on the order of ~Oo2 db or 2% 9 while the best field strength 
~eters are often no better than ~2 dbo 

A system built on these concepts will~ without field adjustments and 
0 nly then ~ perform at the highest qua lity levelo As an extension of this 
Concept ~ it is logical to fully pre~align also the bridger amplifiers, 
Since they are built into the same housing with the miintrunk amplifier 
to form a ma inline bridger combination amplifier o This is done again 
~ainly to avoid jumper cables and to allow high precision in alignmento 
Base& on these concepts ~ it is now possible to construct a Fully Automatic 
~aintrunk System which is fully pre-adjus ted and will function at top per
formanc e with normal errors due t o spacing and temperature and without 
field adjustments o 

Another new CATV concept which must be considered a major engineering 
breakthr ough is based on an advanced High Level Distribution System o With 
the advent of amplifiers having an output capability of 60 dbmv , many im
Provements in CATV Systems are possibleo It has been standard practice in 
the past to run he main trunk at levels in the vicinity of 3 5. dbmv , with 
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possibly a bridger output as high as 4 0 dbmv , and the distribution system 
at roughly 30 dbmv o It is somewhat unclear how this practice origina t e d 
and it is actually the opposite from what is desi,rable for optimum sys tem 
performanceo The reason for this might have been that the distribut ion 
amplifier or line extender was treated as the stepchild of the whole amp
lifier line as a low cost 9 low qual1ty circuito However 9 the resulting 
low level distribution system is economic ally unsound o The new high-
level distribution concept permits more than twice th e number of subscr iberS 
per amplifier 9 a nd even including di~~ctional couplers throughout, the total 
cost is still lower than 1n the old low level distribution systems bas e d on 
so-c alled "low-cost" line extenderso 

First 9 let us consider what an ideal distribution system should l ook 
likeo An optimized High Leve Distribution System is shown in Figure 4 
in the form of a level diagramo Starting at the output of a distribution 
amplifier (left s ide) with a level of ~43 dbmv at channel 13 (top d i a 
gonal) this level decreases as we travel away from the amplifier du e t o 
cable losses until at 1 ~ 000 feet we are 
at the inpu~ of another amplifiero At 
100 foot intervals 4-way directional 
taps are arranged which cause addition
al loss (i~sertion loss ) indicated by 
stepso From each direc tional tap a 
vertical line indicates the tap loss 
taken in tne unit ~ for example ~ 27 dbo 
From the output o f the tap a house 
drop (slanted line) causes further 
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loss until the signal level at the sub
scribers TV set is as indicated by 
circles o Additional ·lines give per
formance at channel 2o The objective 
is to min i mize variation in signal 
level at the subscriber ws home and to 
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The gain in d istribution a mplifiers is used to compensate for losses 
in the distribut ion cable plus insertion losses of directional taps. 
These latter should be as low as possible because they r~sult in waste d 
gain and increased distortion in the amplifiers o Insertion loss of any 
tapping devices decreases with increased tap l o sso For example ~ a 15 db 
directional tap may have an insert~on loss of l o5 db , while a 21 db tap 
has an insertion loss of Oo5 db o It is therefore desireable to use d i r
ectional taps with· the higher tap losses for reduced insertio n l os s o 
Since the output of directional taps must be sufficient to allow f or normal 
house drops ~ this . in turn means that the level in the distribution s ystem 
must be very higho As a matter of f act 9 if anywhere in the whole CATV sy~ 
tern a high signal l evel is needed ; it is in · the distribution system ~ not 
in the maintrunk o The new optimized High Level Distribution System i s 
based on a distribut ion level of +43 dbmv ~ that is the level of chann e l 13 
at the output of each distribution amplifiero . Also featured is . increased l 
cascadability o Careful opt i mization of the number and values o f . directiona 
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taps has led to a new s t andard d i stribution sys tem which is compar ed in 
Table 2 with a typica l and now obsolete sys temo 

Please -no te t ha t the a dvanced system i s va s t l y impr oved hav ing direc
tional taps 9 full t emperature c ompensation 9 lower noise and distortion ~ 
and l e s s signal variation a t the subscriber ws TV se to Since fewer ampli
fiers are us ed per subscr iber 9 r eliability of system operation is greatly 
inc reased , 

bet~ 
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oo 
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11 

,, 

TABLE 2 
COMPARISON OF DISTRI BUTI ON SYSTEMS 

Advanced System Concept Typical System 

Distribution Level "*'43 +30 dbmv 
Number of Dis tribut i on 

Amplifie r s in Cascade 10 4 
Number of Directional Taps 

Per Span 10 4* 
Level Variation at 

Subscr iber oQo 2 ~ 9 db 
Subscribers per - 40 -Amplifier 16 
Total Number o f Subscribers 

Per each of 4 bridger 
outputs 440 80 

*Pressure of Capac i tive Tap 

These t wo c oncepts 9 of fully a ut omatic pr ecision maintrunk and opti
mized high - l e ve l d istribution 9 are t ypical results of a new type of ad
Vanced syst em r esearch now underway at Anaconda/Astrodata with the goal of 
better and better CATV o 

CHAIRMAN PALMER ~ Thank you 9 Bill o 
I have for years been a critic of the non- professional type technical 

Presentations of NCTA Conventionso These papers were sales pitches ~ thinly 
disguised as techn ica l presentations o The papers here today were profes
Sional a nd could have been presented at meetings of the IEEE or the SMPTEo 
l can make these comments as impartia l comments since I have had no respon
Sibili t y f or the papers 9 obviously 9 or for the technical session which 
Was s e t up by Mr o Archer Taylor o 

Here' s to c ontinued professiona l technical presentations at NCTA 
meetings o Let ~ s give all our speakers a big hand o 

Session Ad j ourned o 
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TECHNICAL PROGRAM - I I 
Tuesday Morning ~ June 28~ 1966 

CHAIRMAN JAMES R~ PALMER~ Gentlemen, I'm J im Palmer, C-Cor Elec
t~onics, welcoming you to the 8~30 AoM. Techn i c al Session. 

Our speaker is Blair Weston from Scientific-Atlanta, Inco Blair 
Studied electrical engineering at Auburn University not too many years ago, 
Worked for awhi l e at Redstone Arsenal and Norton & Chimes Equipment Co. He 
has been with Scientific-Atlanta from 1961 to the present. Blair will talk 
on Analysis of CATV Antenna Array Charac t eri s t ics Utilizing Radiation Pat
tern Measurements. Blair Weston. 

MRo J o B. WESTON, JRo (SCIENTIFIC-ATLANTA ~ 
First, I would like to express our appreciation 
Senting this paper at the Convention t his year . 
1 Would like t o briefly explain the mot i vations 
tation of this papero 

INCo): Thank you, Jim. 
for the opportunity of pr~ 
Before I get into the text, 

which prompted the presen-

Since the earliest days of CATV there has been little information 
available concerning the performance of tower-mounted antennas and antenna 
a~rayso Most technicians have of necessity re lied on manufacturers' lit
erature concerning the mounting techniques a nd arraying techniques for an
tennaso At best this information has been incomplete. Secondly, since 
Scientific-Atlan ta is a prime manufacturer of antenna pattern range test 
equipment~ I had available a complete fac i l ity to analyze the performance 
Of antennas and antenna arrays. 

Radiation patterns, while n o t used extensively in the CATV field, pro
Vide a wealth o f information. For example~ the six most important specifi
Cations which determine the performanc e of a n antenna or antenna array are 
gain, beamwidth 9 sidelobe levels, front-t o - bac k ratio, null positions and 
VswRo All of these features, with the exception of VSWR, can be readily 
determined or approximated from antenna radia tion patterns. However, rad
iation patterns can be deceiving, if 
not interpreted properlyo Consider 
this first slideo Of these 3 patterns, 
Which would you prefer? Quite frankly, 
a11 3 patterns are representative of 
the same antennae The pattern in the 
Upper left hand corner is plotted wi th 
~espect to the power the antenna ~e
Ceives, and in the upper right hand 
Corner with respect to voltage or 
field that t h e antenna receives . The 
lower pattern is a logarithmic or db 
Plot of the same antenna e I believe 
~ou can see righ t off hand that the 
db plot at the bottom of the slide 
gives you a mu c h better analysis of 
the lobe leve l , null positions, and 
generally speaking 9 a lot clearer 
Presentation o f th e antennaws per
formanceo 
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The next slide is a block diagram of the antenna range on which all 
the measurements in this paper were performed. Quite briefly, we have a 
transmitting antenna on the right hand 
side of the slide which is remoted from 
the receiving anteena or the antenna 
that you're testingo This receiving 
antenna is mounted on a three-axis pos-
itioner which allows you to rotate the 
antenna in azimuth, elevation and pol
arizationo Synchronously coupled to 
this position is an antenna pattern 
recorder; the RF output from the an
tenna is fed through a receiver to the 
antenna pattern recordero As we rotate 
the test antennas the pattern recorder 
generates a radiation pattern of the 
antenna's characteristics . 

The next slide is a picture of the 
consoleo In the left hand side, middle 
left hand side, you can see the receivero 
The center ·section shows the recorder~ 
it's kind of hid by the front panel 
there, but this is the polar recordero 
Lower right hand section is the con
trol equipment for posit ioning the an-
tennao The clock-like dials across the 
top of the console are synchro indica
tors which allow you to determine the 
antenna's position at a glanceo All 
the radiation patterns in this report 
were recorded on Scientif ic-Atlanta's 
pattern rangeo The over-all accuracy 
of the levels is plus and minus a half 
a db and the angular read-out accuracy 
is better than . plus and minus a degreeo 

All of the antennas used in pre~ 
paring this paper are commercially manu
factured antennaso We also constructed 
a 12 foot tower section which is typ
ical of the industry and all mounting 
hardware and RF harnessing was either 
bought or constructed as recommended by 
the manufacturerso 

This first picture here is what I 
will refer to as a mast-moun ted antenna~ 
and our first investigation is centered 
around the single-yagi antenna o A lot 
of you use the single yagi, either a 5 
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or a 10 e lement yagi for r ec eption of 
local cha nnel s Q And we wer e i nter
es ted in find ing ou t exac tly what 
effects a tower would have on the per
formance of th i s a ntenna o This s hows 
t he mounting arrangement whic h we us e 
for measu r ements t aking the data on 
these antennas o Her e again 9 t he s ame 
antenna just s i de mou nted on a tower ~ 
Incidentally 9 th e s pacing was appr oxi
mately six- tenths of a wave l ength 
Which is a little bi t grea ter than t ha t 
recommended by t he ma nufactu r er o 

Our nex t slide s hows th e relative 
Perf or mance between th es e two c onfigur
ations o The top three patterns ar e 
representative of t he radiation patt
erns of a single yag i antenna mounted 
on a pole or a mas t o The bottom three 
Pat terns are representative of the same 
antenna mounted on t he side of a towero 
You notice three patterns i n eac h 
grou p o All the measurements con t a ined 
in this report are in the frequenc y 
range of c hann e l 13 9 t he left most pat
tern at at 21 0 megacyc l es 9 the c enter 
Pattern at 213 9 your r i ght ha nd pattern 
~t 216 megacycleso Ge neral char acter
ls t i cs of t he mast - moun ted yagi indi
Cate half - power beamwidths on th e order 
Of 50 degrees 9 front - to- back r a t io of 
approxima tely 2 0 db o Th e t ower-moun t ed 
Yag i s hows essent~ally the same beam
Width s 3 50 degrees o The front- t o- back 
ratio is c onsiderably larger 9 th e l obe 
has s p l i t and there is a fair amount of 
dis t ortion on the l e ft hand side of the 
Pat tern which is th e s i de t hat t he 
tower was on o 

Continuing the i nves tigat i on 9 we 
dec i ded to analyze some of t he perform
ance s pecifications of vertical s tacks o 
0ne of the more common vert i cal s t acks 
is the so- called J stacko Here you see 
the c onfiguration t hat we use f or ana
lyzing the perfor mance of the J stack o 
Again 9 mast -.:mounted o W 'i nvestigated 
two particular aspects of t his J stack o 

1) We connected the a ntenn as with 
Coaxial tees 9 pr oviding a common outputo 
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Fig. 4d. ZIO MH z 

F ig . 4b . Zll MHz 

P att e rn• of a. Malt ·Mounted Yaai 

Fig. 4e . Zl 3 MHz 

P a tt ern • of a T ow er -Mounted Yagi 

F ie . 4c. Zl6 MHz 

Fig. 4!. Zl6 MHz 

F ig . 5. Mast - Mount ed "J -St a ck" for Co-Channel Elimination 



2) We connected the antennas with a two-way power splitter ~ to pro
vide a single output o 
As you know 9 the operation of the J stack is based on a physical separa
tion of antennas of a quarter wave length and the use of a delay line to 
permit inphase reception off of the front of the antennas and out of phase 
recept ion from the rear o This is commonly used for co-channel rejection· 

Again the upper three patterns are . shown with respect to using a co' 
axial teeo Notice the front-to-back ratio has improved some 5 db over the 
single yagi antenna 9 the beamwidths are essentially the same at 50 degree~ 
the lower three patterns are representative of the same array utilizing a 
two-way power d ivider and 9 as you can see 9 the front-to-back ratio has im~ 
proved substantially beyond that which we attain with coaxial teeo Other~ 
wise , the patter ns ar~ still 9 more or less , identicalo 

In keeping wi t h the arrays 9 we decided to analyze the performance of 
horizontal arrayso Now 9 horizontal stacking is used for a number of rea~ 
sons ~ 

1) To increase gain o 
2) To be able to reduce beamwidthso 
3) Use nulls to help eliminate co-channelo 
The first horizontal array which we investigate here is the horizon~. 6 

tal stack for optimum gain o We tried two particular configurations of tb~ 
mast-mounted horizontal stack o Number one again utilizing a coaxial tee 
for connect ing the antennas and 9 secondly 9 utilizing a two-way power 
splitter fo r connecting the antennaso 

The next sl ide contains the performance of these two configurationS· 
The beamwidths have been reduced considerably from the single antenna; 
they are now approximately 25 degreeso The side lobe level is approxi
mately 13 db on the top three patterns ; they average out around 13 dbo 
Certain amount of asymmetry in the pattex·ns which can be attributed to 
the tee o The lower three patterns are representative of the same array, 
utilizing the two- way power dividero 
You will notice a lot better symmetry 
in the patterns o The sidelobes are 
now almost equal at 13 db 9 beamwidths 
still approximately 25 db - 25 degrees o 

Additionally we wanted to inves
tigate the e ffects that a tower would 
have on this optimum stack and this 
optimum stack provides mounting the 
antennas approximately a wave length 
and a quarter apart o 

So 9 the next slide shows the con
figuration in which we investigated 
the following ~ 

Two antennas are mounted very 
similar to what you see 1n the indus 
try with 9 · again 9 one and a quarter 
wave length spaci~go 
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Fig. 6a, ZIO MHz Fi1 . 6b. Zl3 MHz 

Pattern• of a "J -Stack11 udna Coa.xial"Tee" 

Fig, 6d. ZIO MHz Fi1. 6o. Zl3 MHz Fi1. 6f. Zi6 Ml'h 

Pattern• o( a 11 J · Stack" uatna Two-Way Power Divide r 
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And the next sli de conta i ns the 
Patter ns f r om the previous data slide 9 

the same three patterns at t he top 
Which show the mast-mounted s tack 9 util
izing a two- way power div i dero The 
bo ttom three patterns show the tower
moun ted horizontal stack 9 with a two
way power divider o I think you can 
see quite ~ead ily that the sidelobe 
levels have increased some 3 to 4 db 
and the front - to-back rat i o has in
creased somewhat with the de f i nite en
largement of the rear lobes on the an
tenna pat terns o 

Horizontal spacing to force nulls 
is quite often used 9 and we addition
ally inves tigated some of the effec ts 
Of horizontal spacing o The next slide 
Shows our first investigation 9 that of 
forcing nulls at 40 degrees o As all 
Of you know 9 I presume 9 it is quite 
read ily calculated exactly what spac-
ing is needed between antennas to force 
nulls o We wanted to force a nul l at 
40 degrees ; calculations indicate that 
7/lOths wavelength spacing between an-
tennas should be used o You can see 
the nulls are quite accurately predic-
tableo 

Here again we have with this par
ticular spacing on a horizontal stack 9 

beamwidths of approximately 36 degrees 
as opposed to 25 degrees for the opti
mum stack o The mast-mounted version 
Of the top three patterns exhibits a 
front -to-back ratio very close t o that 
Of the performance obtained with the 
Single antennao Sidelobes are down 
Considerably o The extra width of the 
Pattern contributes overall to a gain 
~eduction in the performance of this 
horizontal stacko The second three 
Patterns are representative of this 

Fig. 7. Mast-Mounted Horizontal Stack 

same array moun ted on a tower 0 I be- Fig. 8. Tower-Mounted Hori zontal Stack 

~ieve itvs quite evident the distortion 
lntroduced b1 the tower - essentially 
the nulls were lost in the confusion 
?f the patterns o Front- to-back ratio 
ls shot to -- just plain shot downo 
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Fig, 9a. 210 MHz Fig. 9b. 213 MHz Fig. 9c. 216 MHz 

Optimum Horizontal Stack, Mast-Mounted, using Coaxial "Tee" 

I 

Fig. 9d. 210 MHz Fig. 9e . 213 MHz Fig. 9£. 216 MHz 

Optimum Horizontal Stack, Mast-Mounted, using Two-Way Power Divider 

Fig. 9g. 210 MHz Fig. 9h . 213 MHz Fig. 9i. 216 MHz 

Optimum Horizontal Stack, Tower -Mount ed, us ing Two -Way Power Divider 

Gl20 



Fig. lOa. 210 MHz Fig. lOb. 213 MHz Fig. lOc. 216 MH-

Horizontal Stack, Mast-Mounted, 0. 7 Wavel ength Spacing 

Fig. lOd. 210 MHz Fig. lOe. 213 MHz Fig. 10£. 216 MHz 

Horizontal Stack, Tower -Mounted, 0. 7 Wavelength Spacing 

Fig. lla . 210 MHz Fig. llb . 213 MHz Fig. llc. 216 MH z 

Horizontal Stack, Mast-Mounted, 2. 5 Wavelengths Spacing 

Fig . lld. 210 Mll z Fig . lle. 213 MHz Fig . llf. . 216 MHz 

Horizontal Stack, Tow er -Mounted, 2. 5 Wavelengths Spacing 
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The second investigation on the 
nulling utilizing horizontal stack is 
contained in the next slide o Here we 
wanted to place nulls approximately 12 
degrees off of the front lobe of the 
pattern and 9 additionally 9 get nulls 12 .. 
degrees off the rear lobes of these 
patternso The top three patterns are 
representative of an array calculated 
to provide these 12 degree nulls o The 
performance mast-mounted is as shown 
in the _top three patter ns o Again 9 calcu
lating the nulls requires a spacing of 
two and a half wa·velengths and the nulls 
are quite predictable o You will notice 
that with this wide spacing on the an
tennas the sidelobes have now approached 
the amplitude of the main lobe 9 some 2 
or 3 db down from the main lobe 9 and 
there is a fair amount of power con
tained in the side lobes o 

The second set of patterns on the 
bottom are representative of the same 
array mounted on a tower o You can see 
in this particular instance the antennas 
were remoted sufficiently from the tower 
to allow the tower to influence the 
characteristics very little o 

Now ~ perhaps you think after see
ing some of these arrays and the ser
ious effects. that the tower has on 
their performance 9 that there s no way 
to ge t around it o But there are mount
ing configurations and antennas de
signed to minimize the effects of the 

Fig. IZa. 210 MHz 

Fig. 13a. 21 0 MHz 

Fig. 12b. 213 MHz Fig. 12c. 216 MH• 

Tower -Mounted, ,Screen-Ba.ck Yasi 

Fig. 13b. 213 MHz Fig . 13c. tl6 MH• 

Tower -Mounted, Log -Periodic Dipole 

tower o Two types of construction which tend to minimize the effects of 
support towers are shown in the next slideo 

We have the top three patterns representative of a tower-mounted 
screenback yagi o We accumulated data on both a mast-mounted and tower
moun ted screenback yagi and their performance was so identical that onlY 
those patterns taken on the tower are shown here. You can see the per
formance is quite respectable o 

A second method of construction which tends to minimize the effects 
of towers· is that of log-periodic dipoles 0 The second set of patterns 
on the bottom of the slide are representative of the performance obtain
able with l~g-period1c dipoles mount~d on a tower o ·Again the performance 
between the log-periodic dipoles on the tower and mast-mounted were so 
similar that only · the tower-mounted patterns are shown o Incidentally, 
these antennas were cantilever-mounted from the tower o I trust all of 
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You are familiar with this mounting arrangemento As you can see the pe~ 
formance of these antennas is very respectableo 

Well 9 in conclusion 7 through the presentation of data I hope I have 
Shown you that antenna characteristics may be predicted only when all in
fluenc ing parameters are taken into consideration o The support tower in 
mos t cases will influence the per formance of an array o Even with the 
limited amount of data presented here s you can realize the difficulty of 
trying to analyze the distortion in various configurations a tower might 
Present o Only through the use of mounting techniques and antennas which 
tend to minimize the effects of towers can accurate prediction be made~ 
I hope the data contained in this paper will provide the CATV technician 
With a better understanding of antenna array performance and will provide 
a basis for i mproved techniques in fabricating antenna arrayso I thank 
You 0 

CHAIRMAN PALMER ~ Thank you 9 Blair Weston o Let's proceed with 
questions for Blair o 

QUESTION ~ Is there any practical way of taking antenna array patterns 
on ante nnas already on a tower? 

MRo WESTON ~ It 9 s somewhat difficult to rotate towers to obtain pat
terns 9 although I believe one of the c ommon practices in the broadcast 
field is proof of performance and such is to, in a transmitting situation, 
Use the antenna as a transmitter and by covering a circular path around 
the antenna with a receiver on a vehicle to plot it out point by pointo 
l don ut know how far the FCC would let you get away with the applying 
Power to your antennas and running around it to see what the characteris 
tics are o But this is the only technique with which I would be familiaro 

CHAIRMAN PALMER ~ Other questions? 

MR o WESTON ~ As I understand the question ~ you wonder why we have 
bot presented data on the parabolic antenna? 

Well ~ literally speaking 9 we did not have available the parabolic 
antenna to evaluate~ Secondly 9 the size and such of the parabolic an
tenna would not lend itself very well to the taking of measurements due 
to various problems you 0 d run into o Main reason 9 we have not had the 
availabil ity of a parabolic antenna to evaluateo 

CHAIRMAN PALMER ~ Further questions? Thank you 9 Blair o 
Our next speaker is Bill Rheinfelder 9 Anaconda Astrodatao Bill was 

~taff consul tant at Motorola 9 high freque ncy applications 1957 to 19610 

1
uring the end of this period he also acted as a consultant for AMECO and 
eft Motorola at that ~ somewhat thereafter 9 to go to AMECO as Director of 

n&no Then in 1965 he joined Astrodata as Director of Research and Develo~ 
~ent - CATV in Anaheim 3 California o Bill Rheinfelder has his masters of 
:Cience and e l ectrical engineering from the Institute of Tech?ology at 

Unich 9 Germanyo Bill will talk to us on Advanced CATV System Conceptso 
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generated by the tuning oscillator 9 providing the same tuned oscillator~ 
f requency as generated with the 80 MHz channelo Because of this~ both a 
highband and a lowband modulator should never be simultaneously connected 
to the input of the sideband analyzero 

Another useful feature of the sideband analyzer is that 9 as previously 
stated 9 the device is a tually made up of two sections~ a video sweep por
tion and a spectrum analyzer portiono These can~ if desired 9 be used in
dependentlyo The quality video sweep signal produced may be used as any 
nor mal video sweep generator ~ by simply disregarding the spectrum analyzer 
Portion of the side band analyzer o The same thing applies to the spectrum 
analyzer portion of the device o In other words 9 you might feed a multi
burst or some other test signal or 9 if desired 9 an actual video signal in
to the modulator under test and observe the sidebands generated with the 
spectrum analyzer without using the video sweep section o Therefore s the 
Versatile device actually serves as three useful test devices ~ a sideband 
analyzer 9 a video sweep generator 9 and a spectrum analyzer 9 providing 3 in 
one small package 9 most of the tools required for maintenance of your 
head-end modulators o 

This paper is based primarily on the sideband analyzer manufactured 
by DYNAIR Electronics 9 !nco and ~s similar to the other devices now on the 
market o 

CHAIRMAN TAYLOR ~ Thank you very much Mro Bateso Do we have any ques
t i ons on the sideband analyzer? 

QUESTION ~ Is there a plan to build into the analyzer or equipment 
2 for checking the audio portion of a modulator? 
tl 

MRo BATES ~ I didn°t mean to imply in my talk or to be too specific 
i n referring necessarily to the sideband analyzer that DYNAIR happens to 
be manufacturing o I was trying to keep this general and not get down to 
specifics on our particular unit o To answer your question~ No 3 not at 
t his timeo 

CHAIRMAN TAYLOR ~ Thank Youo Our next speaker 9 Mro Lyle Keys 3 Presi 
dent of TeleMation Incorporated 9 will speak to us on what we may consider 
a dirty word 9 the technical problems of non-duplication o Lyle Keyse 

MRe LYLE Oo KEYS (TELEMATION INCa) ~ Thank Youo Gentlemen , Mro 
Chairman ~ My paper is entitled nnesign Considerations for CATV Non-dupli 
Cation Equipment''o There are copies of this paper on the table at the 
~ear of the room o 

The subject of CATV non- duplication can be ~ivided into four areas~ 
1) requirements for program deletion 
2) choice of substitute programming 
3) method of switching 
4) method of switcher programming 

Non-duplication arrangements are not necessarily limited to the rules 
Set forth in the FCC ~s Second Report and Ordero CATV operators are free 
to negotiate different agreements with protected stations o For example, 
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channels progr.amable at one minu te intervals o Unfortunately this design 
would be impractic al because of the physical size and expense of these 
120 , 960 memory bits us i ng a ny memor y device that would me et the other de
sign criteria o This type of programmer can be simplified through elimi na
tion of redundancy o The tric k is in knowing how far to go with this sim
plification o One approach i .s to c h a nge from a pulse-based system requ i ring 
10 ~ 080 events per week to an ela psed time based system where the event time 
is programmed along with th e switching functions o This greatly reduces tbe 
total number of switcher eve nts r e quired , but requires a means of time en~ 
c od ing and time coincidence s e nsing o 

Another way of eliminating redundancy 9 applicable where functi o n s a re 
to be repeated on more than one day of the week , is to design the programme! 
t o scan all events daily performing switching functions on days s o pro
grammed while omitting the function on other dayso 

A further decrease in programmer size could be achieved by chang ing to 
binary coding of all timing functions o 

TeleMation's new programmer utilizes the first two of these technique$ , 
but for ease of programming 8 timing intervals are the usual days ~ h ours and 
minutes o 

Invariably we find operators who insist that the do-it-yourself r oute 
is better and/or less expensive o I have no great quarrel with this approaC~ 
but feel compelled to point out a few of the pitfalls involved . 

I have a slide here showing a simple programming clocko This clock 
costs about $60 0 and is capable of controlling one channel over a 24-hour 
period o Eighty-four of these clocks would provide 12 channel s 7-day c ap
ability9 if a means of commutating between the clocks could be devised ~ 
and if switching accuracy were improved by abouttwo orders of magnitude o 

The second slide shows a non-duplication switcher which used reed 
delays as memory elements o This was a one-channel switcher capable o f 
switching on half hours only o The cost per memory bit of this appro a ch 
is extremely high compared to other systems o 

This third slide shows another programmer offering six channel capa
city and one minute switching intervalso It can be purchased from t he 
Edwards Company for $300 0 which makes it quite ec onomical on a cost per 
bit basis o Unfortunately . it would require a nywhere from three t o sev e n 
o f them to handle even the simplest CATV non-duplication switching sche d
u le o The reason is that like many programmers designed for ringing school 
beels 9 it lacks the capability of being programmed for different times on 
different days o This is because day selection can only be accomplish e d in 
two hour intervals so that only one day's schedule can be accommodated . 
Other days 9 requiring a differe nt schedule in this same two hour period , 
would require additional programmers o 

The fourth slide shows a typical pinboard. This one is manufactured 
by AMPo The cost of this approach per cross point is relatively l ow but 
it doesn ~ t lend itself to use in an elapsed time base systemo Therefore , 
it would require the previously mentioned 120 .960 crosspoints to meet the 
criteria we have previously established . This would take a board eight 
feet on the side 9 if the c rosspoints were on ~uarter-inch centers. 

The fifth slide shows a programmed switcher which we have been 
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Supplying for some t1me now o I 1s built around commercial programmerss 
ma nufactured by Simplex o I think a number of you people have built your 
own using this programmer v We have to use two programmers v one scanned 
daily 9 carrying repetitive week day programming 9 and the other scanned 
Weekly v carrying those events tha t occur once weekly o This provides a 
max imum capacity of 480 e vents per week o Th two main disadvantages of 
th i s programmer are the prog ramming e xpense where each program bar cost s 
$ o32 and can be used only once 9 and in its limited six channel capacity o 

The sixth sl ide shows our newest programmer o Here we have gone t o 
our own proprietary desig n rather than trying to make do with other avai l
able devides o The unit mee ts all of the previously listed criteria and 
Uses plugged holes in a perforated metal drum as memory bits o 

The last slide 9 by way of c ontrast 9 shows the non-duplication switcher 
Whic h we built about five years ago o We believe this to be the oldest no~ 
duplication switc her in existence o It incorporates toggle switch memor y 
and stepper switch c ommutation o It occupied about 30 inches of rack space , 
had one-sixteen hundredth the capacity of our latest designs ~ and cost t he 
same amount o 

In conclusion 9 let me suggest that you make a thorough evaluation of 
Your present 9 and anticipated 9 switching requirements before deciding on 
Wha t approach to useo It is also well to look at your physical plant in 
ter ms of non - duplication requ1rements.o It may be necessary to completely 
r eva mp your head end in order to ut1lize available switching techniqueso 
ln any event ~ be sure to provide the switcher manufacture r with complete 
swi tcher specifications or describe in detail exact~y how the switcher 
Will be used and obtain from the manufacturer a guarantee that the equip
men t furnished will meet your requirements o 

Ivd like again to depart from the text o Among the problems we have 
had in the sale of non-dupl1cation switchers 9 90% of them occur after we 
hav e delivered th e switcher and the man finds out that the switcher does 
not do what he wanted it to doo He buys a switcher that is capable of 
swi tching video and h e wanted to switc h RF 9 or vice versa ~ and then whe n 
he finally gets this result 9 perhaps he can Qt program it ; because of the 
Complexity of programming or one thing and another 9 it doesn wt meet its 
Program schedule o This is a subject that is extre mely complex o You only 
have to sit down with about ten TV stationsu program schedules and work 
0Ut one non- duplicat i on program to understand just how complicated it can 
get o I do urge you to study it very carefully 3 in order to make sure tha t 
You can adequately accommodate it o That 9 s the conclusion of my paper and 
l t hank you o 

CHAIRMAN TAYLOR ~ Thank you 9 Mr o Keys 9 very much o Do we have any 
questions about the non- duplication? 

QUESTION ~ Why is a one - minute interval . used for switching instead of 
some other shorter interval to fit commercia l lengths? 

MRo ' KEYS ~ Let me answer that in two parts o First of all ~ it would 
be desirable to build as much resolution into a programming system as is 
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possible. If you went to ten second intervals 9 this would require six more 
time event sensing circuits and the reason that we have not adopted that 
philosophy is that station break intervals are usually9 but not necessarilY' 
one minute duration . If you can program to accomodate one minute breaks, 
then it should not matter to you whether you carry the first commercial of 
that break or carry all three of them. In the event they have a triple spot 
breakp where generally they will have two commercials and an ID announce' t 
ment, which takes about two seconds , th~ total of which it would take ab~ 
60 seonds. 

Secondly ~ the switching accuracy of these programmers is about 2/10 
of a second plus or minus the instantaneous power line error . The power 
line error at any time throughout the day could be as much as three or 
four seconds 9 so trying to get resolution down to accommodate this ten 
second commercial would be quite a monumental task. Thank you. 

CHAIRMAN TAYLOR ~ Are there any other questions? If there is no 
further business to come before this meeting 9 the meeting is adjourned. 
Thank you gentlemen. 
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taken into cons i deration& If a VHF post amplifier were not used 9 the 
mixer would drive the cable and th e cable loss would be added directly to 
the conversion losse Citing the example used previously ~ UHF amplifier 
gain 10 db with a noise figure of 4 db ~ mixer gain - 6 db with a noise 
figure of 14 db , and a 600 ft o cable run ; we have an overall noise figure 
of 1203 db and a signal to noise ratio of 46o9db ~ see Table 30 

TABLE 3 
Noise Figure Improvement Due to Post 

Configuration 
F ( db) -
s ( db) 
N 

10 db UHF Amp 
? Mixer 

UHF Amp ~ Mixer 
~ VHF Cable Loss 

12o3 
46o9 

Ampl ifier 
UHF Amp + Mixer 

~ Post Amp 
~ Cable Loss 

809 
50 03 

This is an increase in noise figure of 4 o2 db over th e Sol db foun d pre
viously when the VHF cable loss was not includede Addition of a 10 db 
gain , 7 db noise figure post amplifier results in an overall noise figure 
of 8 o9 db which is only a 0.8 db increase and a signal to noise ratio of 
50.3 db e Further improvement in noise figure could be obtained by either 
increasing the UHF preamplifier gain or decreasing the post amp noise fig-
ureo 

In many areas there are UHF stations separated by only two to four 
channels& Closely spaced channels can produce interference when they mix 
with multiples of the crystal frequency& Also ~ the received power level 
of undesired channels may be great enough to overdrive the UHF preampli
fier. To alleviate this condition 9 a highly selective filter is necessary. 

The requirements for such a device are , first of all , a low insertion 
loss, since the loss can be considered as adding directly to the noise 
figure . The bandpass should be wide enough to pass the desired channel but 
with approximat e ly 20 db rejection 6 MHz to either side of the bandpass. 
The extremely narrow bandwidth and high close-in rejection predicates a 
high insertion lasso Consequently 9 a compromise must be made between low 
insertion loss and selectivity . 

There are many basic types of filters 9 some of these being lumped 
constant » helical resonator , tuned line ~ cavity and strip line o Lumped 
constants can not be used since the frequency is too high for effective 
use . The helica l resonator degenerates to the equivalence of a tuned 
line due to the high Q requiredo Strip line techniques cannot be used to 
full advantage since the frequency involved is too low & This leaves the 
tuned line and cavity .as the most likely candidates for filter construc 
tion at VHF o 

CHAIRMAN SCHLAFLY ~ Thank you very much 9 Edo The Jerrold Handbook 
is available at the back of the room& 

The next paper will be delivered by Clay Mahronice The title of the 
paper is 9 HEffects of Cable Length and Attenuation on Structural Return 
Loss." Mro Mahr onic graduated from t h e Illinois Institute o f Technology 
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with a BSCE o He joine d Amph e nol Corporation in 1962 as a project engineer. 
He took over the quality c on trol department as head in 1965u Clayo 

MRo CLAY MAHRONIC (AMPHENOL CORPORATION) ~ To determine whether a co- · 
axial c able will funtion pr operly in a community antenna television system~ 
the cable ~ s voltage standing wave ratio (VSWR) must be determined for the 
frequency band in which i t wi ll be usedo Normally , CATV cables are manu
factured in lengths of a t least 1 9 000 feet. Small diameter variations un
avoidably occ ur along such l engths~ These diameter variations cause impe-
dance changes which collect ively raise the cable VSWRo . 

CATV cables are t e sted firs~ from one end ~ and then the other. Due 
to variations in a cable ' s physical profile 9 the VSWR results from both 
ends are not always identicalo This leads to the dependence of SRL re
sults on attenuationo 

Cable VSWR is most often determined with a sweep generator ~ electronic 
switch 9 amplifiers 9 detector 9 oscilloscope ~ variable attenuator and a bal
anced bridge with a variable loado 

With the cable under test connected to the bridge ~ a signal proportion
al to the cable reflection appears at the bridge outputo This output is 
compared with that of a variable attenuator connected to the other arm of 
the electronic switch o By superimposing these signals , the cable VSWR can 
be read out in terms of structural return loss (SRL) 9 expressed in deci
bels (db). This value of SRL may then be converted to reflection coeffi
cient and VSWR . 

The unusual length of CATV cables sometimes causes VSWR due to perio~ 
icity -- a problem seldom apparent in shorter lengthso 

Periodicity is the result of numerous small discontinuities usually 
diameter variations -- spaced at intervals one-half wave length apart along 
the cableo To a signal passing through the cable 3 these diameter varia
tions appear as small changes of impedance . Each impedance variation is 
so minute that with the aid of a time domain reflectometer ~ it is diffi
cult9 if not impossible ~ to locate them . Moreover , the reflected voltage 
of each discontinuity in themselves 9 may be unmeasurable. 

But because each discontinity is one-half wavelength apart ~ the in
dividual reflections arrive at the source IN PHASEo Because CATV cables 
are so long 3 the cumulative effect of these numerous discontinuities is a 
high VSWRo 

Figure 2 i.s an oscilloscope pattern of a cable suffering from period
icityo In this test 9 the frequency range is 4-230 Mc 9 swept from right to 
lefto The upper trace is a reference line representing an SRL of 26. db or 
a VSWR of 1 ~ 105 ~ 10 The middle reference line is 30 db ? or a VSWR of 
lo065~lo The uneven trace near the base line is that of the cable under 
test as seen by the bridge . 

The large VSWR spike near the center of the photograph is due to 
periodicity . The frequenc y at which the spike appeared was 133 megacycles. 
The cable is basically flat , having an SRL of greater than 30 db ~ except at 
the frequency of periodicity. At this frequency ~ the cable had an SRL of 
19o5 db or ~ VSWR of 1$24 ~ 10 One-half wavelength at this frequency is 
three feeto 
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The differe nce in test results when a 1 9 000-foot length of cable is 
tested from both ends 9 prompted further investigation of SRL versus · lengtho 
Tests were conducted on 1 9 000-foot lengths of o412 inch ~ Oo500 inch , and 
0 0750 inch diameter cableso 

Each cable was tested at its full lengtho Then 9 100-foot sections 
were removed and the remaining cable again tested to determine its SRLo 

Results of these tests are displayedo Starting with the 0&750 inch 
cable , the SRL at 1 9 000 fe t was 18e5 decibels o It was necessary to cut 
off 400 feet of c able 9 leaving 600 feet for test before the SRL began to 
riseb Cutting off an additional 200 feet of cable 9 leaving a 400 foot 
length ~ · the SRL .had risen from 18o5 db to 20.3 dbo When measured in a 
100-foot section » the SRL was 29 db . This curve shows that discontinuities 
which are further than 600 feet from the end of the cable being measured do 
not contribute to the total SRL of the cableo 

In the e412 inch and &500 inch cables , it was necessary to remove 
approximately 600 feet of cable before the SRL began to rise. The higher 
attenuation of these cables as compared to that of the 3/4 inch cable 
limits even greater the length o f cable that contributes t o low SRL due to 
periodicityo In all cases , the total cable length did not contribute to 
the SRL. The length of cable which contributed to the low SRL was governed 
by three factors ~ 

l o Frequency at which the periodicity existedo 
2o Attenuation of the cable at that frequencyo 
3. Magnitude of the discontinuities. 

To better illustrate the results of the tests ~ a tabulation of data 
on all three cables is shown u The data on the o412 inch and .500 inch 
cables are very similar o The total length contributing to the SRL ~ atten
uation in db/100 feet and total attenuation necessary to limit reflections 
are almost identical o They do differ at the frequency in which the perio~ 
icity exists o The different frequencies is due to the spacing of the dis
continuities. I~ both cable~ 9 it is possible to see only slightly greater 
than 1/3 the total number of discontinuities in a 1 9 000-foot length of 
cable. The important difference of these two columns of data is the diff
erence in the number of discontinuities contributing to the periodicityo 
Since the o412 cable can see only 54 discontinuities and the total SRL of 
the cables are almost equal~ it follows that the magnitude of the discon
tinuities of the smaller cable must be larger than that of the 1/2 inch 
cable. 

Due to the lower attenuation of the 3 /4 inch cable ~ it is possible to 
see discontinuities which are 500 feet away from the end of the cable being 
tested. 

Cable attenuation , being a limiting factor on the total reflection , 
was not unexpected o Theoretically , an incident wave traveling down a 
cable is attenuated . The first discontinuity sees almost all of the in
cident signal o As this signal propagates down the transmission line the 
attenuation of the cable reduces the magnitude of the incident signalo 
The discontinuities located further down the line see less and less of the 
input signal o Therefore ~ the reflected voltage is less than that of the 
first discontinuity o 
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The attenuation which reduces the incident signal ~ also reduces the 
magnitude of the reflected signal af it propagates back to the source. 
Therefore 8 it is apparent that the attenuation is the reason why the more 
distant discontinuities contribute very little to the total reflection. 

The relationship of SRL to the frequency of periodicity and attenua
tion can be better unders ood by comparing two 3 / 4 inch cables which suffer 
from periodicity but at different frequencies. 

The cable in the left hand column of Figure 5 is the same as seen in 
the previous figure. As a comparison 9 the - frequency of the cable in the 
right hand column was assumed tq be 56 megacycles. This is the same fre
quency as that of the .412 inch cable. At this frequency 8 the attenuation 
is .45 db/100 feet. Holding the limiting attenuation constant at 3.25 db 9 

it is possible to see 720 feet into this cables Even though a greater len
gth contributes to the periodicity 9 the spacing of the discontinuities di~ 
fers. The result is that at 56 megacycles~ 103 discontinuities contribute 
to the total SRL while 161 can be seen at 127 megacycles. The calculated 
SRL at 56 megacycles was 23 dbc In other words 3 the VSWR has been reduced 
from lo27 ~ 1 at 127 megacycles to lol5 ~ 1 at 56 megacycles even though the 
total length of the cable contributing to periodicity was greater. Because 
of the nattenuation effect " in relation to the cable size 9 it is evident 
that the 3/4 inch cable is more sensitive to reflections than that of the 
1/2 inch or .412 inch cable 9 thereby making this a more critical product& 

Length and attenuation have been shown to limit reflections resulting 
from periodicity. Reflections resulting from large single impedance changes
usually due to dents in the outer conductor-are also limited by cable length 
and attenuation. 

Evidence of this effect was observed in a 1 9 030-foot length of cable 
deliberately dented with a pair of pliers. This dent 9 about two inches 
long, was placed about 100 feet from the end of the cable. 

Before we see the effect of this dent~ let us look againo You will 
notice that the SRL of the cable is greater than 30 db. Figure 6 shows 
that the dent has caused a considerable change in the SRL pattern. At 220 
megacycles, the SRL of this cable has been reduced from greater than 30 db 
to less than 26 dbo The decrease in SRL at the upper frequencies is much 
greater than that at the lower frequencieso This is because the 2-inch dent 
more nearly approaches a quarter wavelength at the higher frequencies. When 
a single discontinuity reaches 1 / 4 wavelengths the reflection is at a maxi
mumo 

Additional proof of the effect of attenuation on SRL can be shown by 
testing the far end of this cableo In this case~ the dent is 930 feet 
away from the bridgeo The previous test showed the SRL due to the dent to 

·be less than 26 dbo In this case 9 the attenuation of the 930 feet of cable 
has attenuated the reflection so that the cable is still better than 30 dbo 

In conclusion 9 we wish to point out the importance of sweep testing 
both ends and rating the cable based on the lower reading. 

Secondly, we also wish to point out the possibility of using attenua
tion to improve picture transmission. As a case in point 9 let us assume 
that there are two 1 , 000 foot lengths of cable to be placed between ampli
fierso One cable has an SRL of greater than 30 db 9 whereas the other cable 
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is somewhat less than 30 dbo It i s suggested that the cable of higher SRL 
be placed at the output of the first amplifiero The second cable is then 
placed between the e nd of the f i rst cable and the input of the second amp
lifier 9 therefore 9 the attenuation of the better cable shields the VSWR of 
the second cableo In this way ~ the first amplifier sees only a cable 
which has an SRL of greater than 30 dbo 

CHAIRMAN SCHLAFLY ~ One or two questionso Dr o Schenkel? 

DRo SCHENKEL ~ I only want to make a couple of comments on the talko 
I agree to all the fact that were brought up 9 but I have some doubts 
about some of the conclusionso And I would want to show my point of 
view on a couple of these conclusionso 

Now first of all , about this matter of shielding a worse piece of 
cable by having a better piece of cable ahead of ito Now , if the return 
loss only presented at the amplifier would give a reflec tion ~ then I would 
agree to this shielding & But I think return of the cable is also indica
tive of the cable transmission properties o And whenever we have a spike 
in the cable 9 even if it is hidden right inside the cable ~ and that we 
don~t see it 9 this means that in transmission there would be a somewhat 
rapid change of phase in this transmissiono So if that thing appears 
close to the color carrier or the picture carrier of a TV channel ~ this 
may cause some delayed distortion of the coloro So even if the return 
loss is hidden inside the cable still each piece of cable should be se
lected for use according to its own test and how it appears in the final 
span. 

MRo MAHRONIC ~ Dr o Schenkel 9 in answer to what you have said , I have 
to agree with youo But what I am trying to say is that if we have two 
pieces of cable 9 if there is a choice on where to place the cable ~ I would 
rather place the better cable at the output of the first amplifier rather 
than the worst cable at the output of the first amplifier u 

DRo SCHENKEL ~ Now 9 second point is ~ I wonder why you didn t mention 
the interesting fact that all the numbers on the bottom row of your tables 
were close to 4 db o Which I think is a false indication that whenever we 
want to use this length of cable for periodicity 9 we do not have to use a 
complete reel ~ but it is enough to just cut off a length of 4 db At the 
loss frequency we are going to test and sweep it ~ and this willgive us all 
the indication about periodicity o 

MRo MAHRONIC ~ Let me get this straight 9 Dro Schenkel o The tests we 
use to check how good a cable is is either by sweep testing it or with the 
use of a time domain r e flectometero All these tests ~ the results of these 
tests are a function of the attenuation a~d we have no t est that we can per
form that does not hinge upon the attenuation of the particular cable . So 
I dongt see how we ar going to do this unless we cu this into 500 fto 
lengths and then couple these lengths together . 
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CHAIRMAN SCHLAFLY ~ I am going to cut that discussion right there~ with 
a little question mark in the airo We are running so short of time that I 
do not want to impose on the good nature and patience of our last speakero 
Thank you 9 Clay 9 and thank you 9 Dro Schenkelo 

The last speaker on the agenda this morning concerns a very interest
ing item of test equipment call d the spectrum analyzero This is a most 
interesting and useful toolo I am anxious to hear more about ito Allen 
Ross 9 who will deliver this paper v is President of Nelson Ross Electronic~ 
Nelson Ross Electronics specializes in Plu·g-In Spectrum Analyzerso Allen 
Ross is a graduate of City College of New York and of Brooklyn Poly-Techo 
He was with Polarad Electronic Corporation before forming NREo He spent 
eight years with them and was in charge of advanced development , pioneering 
the solid state spectrum analyzer o He was the person who first implemented 
the Plug In Spectrum Analyzer concepto Alleno 

MRo ALLEN ROSS (NELSON ROSS ELECTRONICS) ~ I know it is late and we 
are running behind ,· so I will try and cut right to the meat of thiso The 
spectrum analyzer is an instrument that is probably unheard of in this 
particular industryo It is a useful instrument which has been around for 
a long time 9 originating with the esoteric military requirementso The state 
of the art in spectrum analysis has gradually improved to the point where 
it is possible to build spectrum analyzers which cover very wide frequenc y 
bandso There are now a few people making analyzers which permit observa
tion of the entire CATV spectrum -- channels 2 to 13 (including all the FM 
in between) in one sweepo These analyzers will permit very useful advances 
in the systems for testing CATV transmissiono 

Perhaps it might be appropriate for me first to describe what a spec
trum analyzer is and how it operateso I don't know how many people can 
see this blackboard , so I will try and use a minimum of sketcheso We will 
start with a familiar instrument - the field strength metero If we start 
by drawing the block diagram of the most basic field strength meter~ what 
we have would be a signal input which drives a mixer~ which I shall des
ignate "M" 9 provided with a local oscillator signal 11 from a black box 
which I will designate "LO"o The resulting difference frequency drives a 
narrow band fiiter 9 ultimately resulting in a meter readingo Signal F 
plus Delta F comes from the local oscillator producing Delta F at the 
mixer output 9 and depend1ng upon the strength of the input ~ we get a 
meter readinge Anybody who has manually tuned one of these things back 
and forth for a few hours from channel 2 to channel 13 can tell you it 
gets to be a pain in the• neck after awhileo You can make a very goo~ and 
accurate set of readings of the relative levels of all the picture and 
sound and color carriers in the system s but it is time-consuming. It 
would be nice if we had some sort of a system for observing the meter rea~ 
ings on all the channels simultaneously ~ so we didn 9 t have to tuneo This 
is exactly what a spectrum analyzer does for youo 

Suppose we were to replace the meter with the vertical deflection 
system of an · oscilloscopeo This presents no basic problemo When we tune 
through a signal 9 we would see the modulation (as limited by the band 
pass) as a wave form on the oscilloscopeo · 

Suppose v ih addition 9 inste ad of tuning the local oscillator 
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particular point may vary from 73 to 77 ohmso It is quite possible that a 
73 ohm end may be spliced to a 77 ohm endv This would give a reflection co' 
efficient of Oa0267 or return loss of 3lo-5 dba Systems requiring better 
match would have to check such splices and select cable reels to give ends 
that match o The TDR when used w1th a suitable 79 ohm impedance standard caP 
check cable impedance profiles with great accuracyo 

Several problems have been encountered in application of the H-P i n
strument to CATVo The H-P TDR was designed for 50 ohm systems and has a 
source impedance of 50 ohmso When used in a 75 ohm systems there is a mi~ 
match which causes some diff1culty due to multiple reflections caused by 
reflection at the mismatch between TDR and 75 ohm cablea H- P have an 
adapter available which consists of a 25 ohm resistor in series with t he 
cablea This back matches the cable since the reflected pulse sees the 25 
ohms in series with the 50 ohm impedance of the TDRa This introduces a 
6 db loss in sensitivity due to voltage divider action on both the i ncident 
and reflected pulses o A resistive minimum loss matching pad can be us ed 
with somewhat higher loss of sensitivityo For precise quantitative measure' 
ments 9 the instrument can be easily recalibrated to compensate for either 
adaptero I personally prefer to use the MLP or no adapter at all

9 
making 

corrections for mult iple reflections according to the formulas in H-P 6 s 
applicat ion manual a 

Some problem has been exper~enced with 60 cycle AC pickup particular!~ 
on cables on joint use poleso This is usally noticed on lines with l ow iW' 
pedance shunts such as resistive terminationso The pickup seems to dis
appear when the line is completely openeda H-P is developing a unit called 
a "humdinger" to alleviate this problema 

We have found the TDRs pa ticularly the version by H-P
9 

to be a reli' 
able 9 very useful instrum~nt for routine use by CATV systems ~ large and 
smallo In the words of one of our system managers - "I don!t know how we 
e ver got along without itno 

CHAIRMAN TAYLOR~ Thank you very much and I want to apologize fi rst 
off for eliminating the punch line at my introductiono Mro Switzer is a 
CATV consulting engineer in Lethbridge and also has been associated c onsi~ 
erably with the famous players in their CATV systems throughout Canadae 

Our next speaker 9 Mro Isaac So Blonder9. Chairman of the Board of 
~!onder-Tongue Laboratories 9 Inca 9 will speak to us on the importance of 
technical training a Mro Blondera 

MR o ISAAC So BLONDER (BLONDER~TONGUE LABORATORIES~ INCo)~ At t he 
back of the room there is a table containing my speech and also another 
paper on CATV technical train1ng that was prepared by Fr.ed Schulz who i s 
in charge of our sales trainingo I was delighted at the opportunity t o be 
able to talk about technical trainingo Iuve done nothing else all my life · 

Technical knowledge may be categorized as having four general divi
s ions : scientist 9 engineers technic1an, craftsmana Technical training iS 
accomplished in these appr0x1mate areas~ universitys technical institu te a 
h i gh school 9 military 9 apprentice

9 
self-study a e 

Measurement standards for the level of technical knowledge achieved at 
virtually non-existent a The CATV operators and indeed every other employer 
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of technical labor , is l eft adrif t to find his own wa y out of the maze of 
confl ic ting tes t imony on the state of techni cal t raini ng ava i lable t o him 
in these United Stateso 

No universa l measuring s t ick in the f or m of na tiona l examination or 
Universally accepted standards of performance for s t udents c an be used to 
match the job t o t he available j ob appl icant o Th e problem i s further ob
fuscated by the present shortage of trained personne l o Ava i lable figu res 
Show that we are t raining abou t 15 9 000 eng i neers and t he s ame number o~ 
t echnicians each year in elec~ronics with a c omparable quanti ty coming 
f r om military pr ograms and pr obabl y a smal l er number gradua t ing f r om i n
dustry schools o No t only are we face d with a l eve l be low our needs ~ bu t 
the ratio of techn i c ians to engineers f or maxi mum ef f ic ienc y should be 
abou t 3 - 1 9 indic at i ng a need f or technic i a ns abou t 200% over the present 
supply ~ 

For purposes of i dentifica tion a nd analysis l e t us de fine the scien
t i s t as the pure researcher not normally needed in CATV 9 the engineer as 
th e creative pla nner who i s need d in smal l but vital quant ities ~ the 
t echnic ian on whom fall s the pr inc ipal burden for the day- to- day operation ~ 
and the craftsman who is the installer and repairman o 

Th e scient i s t and engineer are proba bly available as needed o Our 
Universities are expanding 9 funds from the mi litary pr ovide some 60% of 
the needed financial support 9 and the present high eng i neer i ng salary 
l eve ls are attrac t i ng our best students o If anything 9 medical schools com
Pla in about the far lower level of students the y are a t tracting today as a 
r esul t of the brain drain to the sciences ! Amer ican t echnical science 
leads i n the deve lopme nt of electronics o Most of the _un i versities main
tain h igh standar ds of se l ection and pe rformance and the possession of a 
degree is usually a worthwhile i ndicat ion of intelligence and knowledge o 
We must recognize 9 however 9 that no universal standards exist to measur e 
engineers on a nationa l level 9 a nd the employer has no figures to guide 
him i n h i s c hoic e of an engineer 9 indeed every employer today is f orced to 
Use the services of an i ndus trial psyc hologi st to measure the compara t ive 
~alue of a pros pec tive employee 9 and f i nds the diploma and c ollege grades 
~Uch l ess of a guide i n h i s selection o 

It is i n the t echn ician area where our problems really exist o Some 
smal l be g i nnings have been ·ma de to es tabl i sh standar ds for technician 
~ra in i ng s chools o The American Society f or Engineering Education -Wash
lngton 9 DoCo9 among o t hers 9 has establ ished standards for s chools awarding 
~n associate degree f or t he completion of accredited two years curricu lum 
ln eng i neering technology and now accredits schools meeting these stand
ards o But how many of t hese qualified gr aduates have you met? Blonder
longue doesn °t find t hem in our employment office ~ Other than such pio
~eer e f f orts i n es t abl i sh i ng standards for the schools-not the students , 
~nc iden ta l ly ~ -we face a vast garbage dump of schools and standards purport
lug t o train t echnicians o Lowest on t he ladder for achievement are ou r 
PUblic high schools o Si nce t hey ar e f orced by law to take everyone and 
hold them in bondage until released by chr onoiogical growth , academic 
Standards are ·non-ex i s tent a a nd t he good scholars compulsively avoid t he 
Stigma of· an inferior t echnical ducat1on o Even the category of crafts
~an v who should take pride in his accompl ishments of the menial tasks s is 
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not wel l served by our high schools where his sense of pr ide i n doing we ll 
what he can do is degraded by the general atmosphere of a quasi- penal i nsti' 
tution o It is too well known for repetition of t he sordid fac ts 9 to po i nt 
out in detail the non-existent standards of our priva tely owne d technical 
training ins titu tions 9 who advertise blatantly the financial opportunit ieS 
in electronics f or t heir graduates but fail t o ment ion tha t no standards 
ex ist for adm i t tance o~ graduation except t he payment of tu i t ion fees o 

Fac ed with the never -ending shortage of e l ectron ic techn icians
9 

a 
school sys t em i nc a pable of producing them 9 a nd no i mme dia t e re lief in sight 1 

what c an t he CATV industry do? 
l o Set s tandards of tra1ning and knowledgeD If fi nancially feasible 

for the parent NCTA 9 get up an examination a nd c er t ification system t o qual' 
ify both school a nd individual o The difficulty of this tas k should not be 
underest i mate d v s i nce it has yet not been accomplishe d i n the UoS o

9 
except 

f or the c erti f ica tion of professional engineers by th e ind i v i dual states o 
2 0 Set up your own tra1ning programs as most c ompanies have had t o dO· 

Train i ng i s a ne ver- ending task and is best done on a c ont i nu ing basis wi tb 
with regularly s c he duled c ompany time devoted t o i t o The more formal s uch 
a program t he be tters even to the extent of a ppoint i ng a Direc tor of Train~ 
i ng and awa r d i ng o f certificates o 

3 o Contrac t for outside training help o Th e UoSo Government has manY 
areas in which t hey a re striving to provide t echn i c a l manpower for Amer icaP 
industry and funds are flowing to local schools in your immediate vicin itY · 
To rev i ew t he presen t status of these progr ams would no t only take time noW 
but would s erve no us eful end since they are i n s uch a maelstr om of change 
due to the f ac t t hat they are unsuccessful s o far i n meeting t heir stated 
o bjectives o As l ong as these emergency prel iminary effort s c an _only de livet 
poorly traine d craftsmen with questionable wor k mot i va t ions , our needs will 
go unfille d o But we should not criticize t oo har shly the f irst futile 
technical schools ; t he need is so urgent t hat wherever possible we should 
a i d in the effor t to train the untrainedo 

4 o Look t o indus try for training cour s e s and mate~ ial o Blonder
Tongue9 in its own s a les interest 9 just as other manu f acturers do

9 
give s 

s hort training s e s sions to insure the proper us e of its equipment o Our 
literature is tec hnically oriented and t he t echnician who i s familiar with 
it can better ac compl ish his job even whe n he· uses t he products of anot her 
manufacture r o 

We have passed out copies of a CATV train i ng cour s e give n under the 
direction of Fre d Schulz 9 Ch1ef ~ Sales Eng i neering

9 
and it wil l be our 

pleasure to describe how and when they are available to :he CATV i ndustr Y· 

Technical t r a i n i ng in this day and age is an a bsolu te necessity i n 
order to survive & t he CATV techn1cian is no exc e ption o Th e following par~ 
graphs intend t o show the development of a train i ng c our s e f or CATV tech
n1c1ans o A lar ge number of successfully a dmi nis tered tra in i ng courses ~ 
g i ven by B- T in the l ast 15 yea.rs 9 particular ly for MATV and CCTV techni
cians v furnished a wealth of practical exper i enc eo 

The discussions are lim1ted to a course i nt ende d to spread techn i cal 
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knowledge t o CATV technicians and excludes technical sales meetings de
Signed to sell a product l i ne o There are two basic ingredients in train~ 
ing ~ 

THE GOAL AND THE STUDENTS 
Le t us set th e goal in very brief words ~ 

OUR TRA INING SHOULD PRODUCE MEN WITH A THOROUGH UNDERSTANDING OF TV 
PRINCIPLES 9 SYSTEMS ENGINEERING BASICS AND HARDWARE KNOWLEDGE, SO AS TO BE 
ABLE TO SUCCESSFULLY MAINTAIN ~ EXPAND AND TECHNICALLY RUN A CATV SYSTEM o 

This is quite a tall orderu 
The stude nt 9 our 2nd basic i ngredient 9 does not l e nd himself to s uch 

a quick treatment " Students are human beings and 9 therefore 9 quite c om
Plexo In shor t 9 we have individuals in front of uso 

The bac kgr ound our students are bringing with them varies greatly 
and it is this variation that we must take into account to run a success
ful program u This point is probably the single most significant differ 
ence between public school training and our programs o This realization 
au t omatically rules out the vast availabl e program material from colleges 
and technical schoolso 

Course participants cannot be required to show evidence of successful 
Completion of pre-requisite c ourses as is customary in colleges 9 nor can 
they be required t o take an entrance examination o 

The educational level may un from graduate engineer to the man with 
an intuitive feel for CATV 9 but with litt le solid educational foundati on 
to build on o 

It is highly desirable to get information on the background of par t i 
Cipants before a course is started ~ let the company provide this informa
tion 0 

The learning capability of anyone is limited 9 keep in mind that many 
Course participants are practical men 9 little accustomed to sitting still 
for any length of time or able to c oncentrate over extended periods o This 
fac t or can be taken into account by providing ample and frequent -breaks , 
(coffee breaks are particularly well received)o It should also be men 
t i oned to the students that learning and a good night~s sleep go together 
Very well 0 

How much time are people willing to spend on a training seminar is 
St i l l another factor to be considered o There is no magic formula 9 however, 
a 3-day seminar is optimal in many ~ases because it can 9 for instance 9 be 
gin on Tuesday morning ~ allowing travel on Monday o Running full 8 hour 

· Ses sions on Tuesday and Wednesday 9 and with a mid-afternoon breakup on 
lhursday 9 allow the part1cipants to return home that same day o 

Where should one hold courses? The choice depends on the course 
~aterial o If much material and equipment is needed 9 the home office i s a 
logical choice ; for other courses keep in mind ~ the shorter the travel time 
the more participants o A hotel or a motel with restaurant and meeting r oom 
facilities 9 as w 11 as close to transportation facilities can be found j ust 
about any place in the UoSoAo . 

When to hold a meeting? Keep in mind that in many areas there is a 
Strong seasona1 demand on the CATV echnicians 8 time o State and nationa l 
association meetings often bring technicians together and a c ourse may be 
Schedule d before or after such a gatheringo 
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The c ost of a course varies gre atly~ Factors to be kept in mind are: 
a) who pays the part i c1pants trave l expenses 9 food 9 

lodging? 
b) cost of instr uctional material 
c) travel cost of i nstr uc tor {s) 
d) cost of mee 1ng room 

It has been found desirable to let the participants at least bear part of 
the expenseso The desire to uget their moneyus worthn creates an eager 
learni ng climate 9 and if the stud8nts 0 bosses pick up the tab ~ the resultS 
are just the sameo 

The instructor 9 the link between goal and studento A good instructor 
is no t easy to come by because he m st fulf ill a number of tough require
ments o 

1) He must be knowledgeable technically 9 both from a theo
retical a nd a practical experience standpoint o 

2) He mus t have the ability to teach adults o 
Unique i s the individual that combines both requirements o because a good 
engineer may f u lfill the first requ irement ~ but most engineers unfortunate!~ 
fall down badly when it comes to teaching o 

The instructor must be able to step in front of a gr oup of strangers~ 
establish a rapport with the group and stay c onfident o We me ntioned the 
necessary gift of be ing able to handle people of vastly different back
grounds o A subject must be presented interesting to people already know
ledgeable9 yet instructive to people learning ito Like a salesman ~ our 
teacher mus t speak from conviction , must have self assurance

9 
yet be reas

suring to the participants o The man must be able to get material across 
without talking down to partic1pants o Obviously

9 
he mus t be able to stay 

on the subject during class discussions o 
Sometimes 9 particularly when sessions are held at the home office ~ it 

may be possible to have specialists teach c ertain portions of a course; but 
make sure they have proven teaching abilityo 

Reference Material 
Start a course by handing out the course outline

9 
technicians will 

appreciate seeing tha t a course is well organized and taught in logical s~ 
quence o 

Often a participant may f1nd additional subjects be wishes to hear 
about and it may be possible to include them in the course o Other printed 
materia l suitable for distribution are ~ 

a) spec sheets 
b) appl ication not e s 
c) manuals 
d) reprints of art1c l~s 
e) tables 

Teach Aids 
Th e instr uctor should us e notes 1n order to keep c ontinuity o Large 

scale drawings 9 slid s 9 overhead pro1e .tors a~e good aids
9 

but it should 
be kept in mind that darkening a room keeps most people from taking noteS· 
A blackboar d is still one of he best teach i ng ~ids o One should not forget 
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that what is on the board goes in the students notebook~ c l ear and clean 
Sketc hes make the student 9s life easiero 

Demons tration equipment is very valuable 9 a llow e nough time if it is 
necess ar y to hand it from student to student 9 or pr ovide more than one 
Unit " 

~ganizing a Training Cours~ 
Location and date should be proposed by the field men who know the 

e area and the potential participants 0 

The home office should obviously coordina t e t he requests in accord
ance with a ' master schedule o Individual i nvitat i ons shou l d be sent by the 
f ield men 9 because it lends it a note of personal c a reo Invitations should 
be sent early o I t should give lodging i nstr uc t i ons o Hote ls and motels are 
more than happy to furnish room reservation car ds o 

~nduc t ing a Course 
Star t c ourse sessions on timeo The i ns t r uc t or should arrive early 

enough to f ami l iarize himself with local conditions ~ s etup demonstration 
gear and teaching aids o The student should f ee l t hat t he c ompany is ex
Pecting h i m a nd is prepared for him o After a ll t echn ical training is still 
a means of winn ing customers (or keeping t hem)o 

Gr oup lunches are desirable from a ime standpoi nt as we ll as from a -
Standpoi nt of getting the class to feel c omfortable as a gr oup o Encourage 
People to take notes 9 (provide pads) 9 bu t allow time for writing ~ most 
People are no t used to taking noteso Enc our age qu e s ~~onso 

Let participants know that they wil l benefit from i ncreased knowledge» 
( prestige~ greater satisfaction 9 advancement 9 be tter wages) t h i s creates 
an ''eager to l earn " atmosphere o 

Brief r eview of fundamentals always s eems to help o Fundamentals are 
t he most neglec t ed part of courses 9 many people think they know 9 however 
do have only vague i deaso What vs the use of knowing how a large CATV s ys
tem functions 9 and not even know what makes up a TV channel? Review t ools 1 

l ike db and dbmv o 
Main topics s hould be arranged l ogically 9 so as f ew assumptions as 

Possible have t o be madeo Summarize a t the end of each topic to detect 
blank spots in coverage o At the end of a c our se 9 encourage the techni
Cians to pr act i ce se l f-development and g i ve h i nts on how to go aboutito 

Course eva l uation sheets filled out by the technic i ans (no name) can 
help to impr ove future courseso An attendance record is good for follow 
Up and sales purposeso The issuance of a c ertificate will boost the ego 
Of the participan tso 

~V Techn i c i an Tr a ining Course Outline 
The following course can be covered in 5 days 9 it c ould also be 

Worked into appr oxi mately 20 lessons sui table for mailing or the most im
Por t ant topics may be covered in a 3-day semi naro 

l o Greetingo Introduction of part i c ipants 9 pur pose of 
c ourse a nd outline o 
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2o TV~FUNDAMENTALS 

a ) s canning standards 
b ) synchroniz1ng and blanking 
c ) resolution 
d) c omposite TV s ignal 
e) modulat1on (AV modulator 9 standard TV-channel) 

3e Portions of the frequency spectrum we work with ; Video, 
Audio 9 AM Broadcast-Band 9 . Sub-channels , VHF low band ~ 

FM 9 VHF -High Band 9 UHF 9 Microwavese 
4e The db and dbmv as tools i n our worko 
5o TV- Signal Propagation ~ signal strength ~ line of sighta etC · 
60 An tennas 9 characteristics and applications 
7o Signa l quality at the a ntenna (S/N 9 ghosting co-channel, 

etc o) TASO~ Standardso 
Bo Pre-amplifiers ~ Importance of low noise figure ~ maintaining 

go.od S/ N etc., 
9o Ampl ificat1on and other means of signal processing~ 

a) AGC9 mino input 
b ) adj acent channel9 s ound r educ tion 
c) ampl1fication 9 conversion 9 trapping v mixing ~ 

equalizing 
d) demod o - remodo systems 
e) I F - type processors 

lOo Heade nd AC supply 
a) line voltage fluctua t i ons 
b ) voltage regulators 
c) surge protection 

llo Cables ~ Distribution System 
a) need for able ( locat ion of subscribers ~ radiation 

limitation ~ interference preventiona unauthorized 
use of signal 9 etco ) 

b) basics of coax cables 
c ) types of available cables 
d ) cable d ficiencies (re turn loss ~ weather resistance, 

ecce ntricity? etco) 
120 Basic l imitations of amplifiers 

a) no i s e figure 
b ) max o output 

130 Bas ic s ystem limitations ~ 
Cascad i ng ampl . fiers 

a) t olerable S/ N 
b ) tolerable cross-modulation 
c) s ystem tolerance 
d) t emperature compens a t i on 

14o Princ i ples of CATV-signal distribution ~ 

Th e need for an untapped trunk o 
150 Typical distribution s yst emso 
160 Distribution Equipment~ 

·Splitting devices (asymmetrical and hybrid splitters) 
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Equalizers 
Duplexers 
Automat ic level control 
Automati tilt control 
Ma tching t ransformers 
Home splitters 
Tapoffs ~ Pressure taps 9 hybrid types 9 isolation 9 

thruloss o 
17 0 Accessories ~ housings mou ntings 
18 o· Test instruments and their uses 9 particularly the field 

strength meter o 
190 Servicing and installation ~ 

Signal prob ' ng 9 checking of cables 9 grounding s 
weather proofing 9 use of test equipment 9 trouble 
shooting by symptoms 9 c hecking defective distri
bution lines 9 preventive maintenance o 

20 o Specifications ~ Interpretation and writing o 
21 0 Cost estimates o 
22o Pole line constructiono 

CATV - AUXILIARY PROGRAMS 
23 0 Basics for c losed circuit (CCTV) program origination o 

a) lighting 
b) lenses 
c) types of cameras 

24o Weather channel ~ sub-channels 9 microwaves 

CHAIRMAN TAYLOR ~ Thank you very mucho Does anyone want to ask Ike 
questions about this training program? 

QUESTION ~ Is this training available to anyone 9 and on what basis? 

MRo BLONDER ~ We have c onducted seminars throughout the United States, 
Usually in regions 9 conducted by our Regional Sales Managero I must admit 
~hat we have concentrated much more on the NATV area in which we have had, 
tn the past 9 a greater interest 9 but we are setting up a new program o If 
You will indicate to us your interest in participating » you will find that 
We Will have a regional meeting in your area eventually to which you are 
Certainly invited o 

CHAIRMAN TAYLOR ~ Our next speaker is Mro George Bates ~ Vice Presi
~ent of Engineering for.DYNAIR El ectronics 9 Inco Mro Bates will speak on 
he use of the sideband analyzer and its applicationso Mro Bateso 

MRo GEORGE Wo BATES (DYNAIR ELECTRONics; INCo) ~ The "sideband anal
~Zer'' is well~known to the television broadcast engineer; it's one of the 
Casic tools of h is trade o Howeve v for some unknown reason 9 the average 

ATv engineer - who has even more need for this device - is not familiar 
' 1th its applicat ion in CATV and 9 in many cases 9 do sn°t even know it existso 
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CHAIRMAN SCHLAFLY~ Thank you 9 Gay. The next speaker is Ken Simons. 
It says here 9 Kenneth A. Simons. I donut recognize that name~ Ken. Ken 
has been active in radio since 1927o You started very young~ didn °t you? 
ne has been in TV since 1939 and with Jerrold some 15 years 9 since 1951 
he has here 9 and is Vice President in Charge of Research and Development 
at the Hatboro 9 Pennsylvania laboratory& He has participated in the de
Sign of various things 9 like the 704B field strength meter~ 900B sweep 
generator 9 starline~ and other of the Jerrold products. He is a member of 
the NCTA Standards Committee 9 and is a principle contributor to the hand
book that his company has reissued again this yeare Mr. Simons! paper 
is on reducing the effects of reflection in CATV feeders. 

! MRo KENNETH Ao SIMONS (JERROLD) ~ The pressure tap is a convenient 
and economical way of connecting the customer drop to the feeder in a CATV 
sys tem. Because of this convenience 9 the large majority of t aps in use t~ 
day are of this type. Hundreds of thousands of them are providing satis
factory service in systems all over the countryo Unfortunately there is a 
Penalty attached to the pressure tap ~ s convenience. Because it must tap 
into the feeder cable with no opportunity for series c ompensation ~ the 
Pressure tap inevitably introduces reflections into that cable . This ar
ticle will show how these reflect1ons are minimized by careful design

9 
and 

how their adverse effect on the transmission of picture signals can be 
greatly reduced by grouping taps in optimum arrangementso 

Up to the present time 9 Jerrold has manufactured four basic types of 
Pressure tapo The earliest designs 9 Models PTR and PTC

9 
employed a series 

~esistor or a s ries capacitor connect= · 
ing the pressure point to the center 
~Onductor of the drop line 9 as illus-
trated in Figo lo The resistor tap 
(PTR) was used for line- to- tap l osses 
0 f 30 db and over 9 the capacitive tap 
tor lower loss valueso This design 
bact the advantage of simplicity 9 and 
low cost. While the capacitive tap 

'

bact high effi iency (ioe. 9 the loss on 
the feeder line 9 for a given feeder - to
drop loss 9 was low compared to other 
designs ) it introduced reflections on 
the feeder that were much worse than 
thos e introduced by transformer taps 
having the same line-to-tap losso 

Fig. 2 shows the schematic dia
~ram of a transformer-tap. A tightly 
~oupled auto-transformer steps up th 
t~pedanc e of the load to a high ~ and 
~Ssentially resistive impedance bridg 
tng the feeder .lineo A coupling c a 
Pacitor isolates the primary at low 
trequencies 9 and a series resistor 

~ ~aises the output inpedance so the tap 
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acts as a well-matched source for the drop line . Jerrold manufactures two a 
kinds of transformer taps which are simi lar electrically but differ mechan- t 
ically., The CMT tap is convenient as a r e placement for the older taps. It i 
is mechanically interchangeable with the PTR and PTCo However, the 3/8 inch a 
hole into which these units thread is too small f or optimum electrical pe~ i 
formanceo The BMT transformer tap uses a 1/ 2 inch hole, and the increased 
clearanc e allows a reduction in stray capacitance with a considerable im- 3 
provement in high frequency performanceo t 

Table I compares the reflections i ntroduced into an otherwise reflec- e 
tionless 75 ohm line by single taps of eac h type o ( 

TABLE I 

Reflection Introduced into a Feeder by One Tap at the Worst Frequency (216 
MHz) 

Loss fr om Line Resistive and 
to Tap at 216 MHz Capacitive Taps Tr ansfor mer Taps 

35 dB PTR(6) 26 dB CMT (35) 22 . 0 dB BMT(35) 26.0 dB 
30 dB PTR (3) 25.,5 dB CMT (30) 21 . 0 dB BMT{36) 28.0 dB 
25 dB CMT(25) 22.,0 dB BMT(25) 29.0 dB 
20 dB PTC (W) 19 .. 5 CMT(20) 2lo6 dB BMT{20) 26 f7 dB 
16 dB PTC(R) 16.4 CMT(l6) 21 ~ 4 dB BMT(l6) 25.4 dB 
12 dB PTC(Y) 14.,2 CMT(l2) 19 ·., 5 dB BMT(l2) 21.1 dB 

Note ~ Reflection figures on this table were obtained by measurement of pro
duction units selected at random., Publishe d specifications show somewhat 
greater reflection in each case. 

Notice the substantial reduction 
in reflection accomplished by the use 
of transformer taps at low tap losseso 
At 16 dB tap loss 9 for example 9 the 
r e flection from the CMT is reduced 
nearly 6 dB compared to the PTC 9 and 
that from the BMT is reduced nearly 
10 dB . For tap losses above 30 db, 
where resistive taps were used , the 
transformer taps do not show the same 
improvement 9 but still have the impor
tant advantage of providing a back
matched source., 

To understand reflections on CATV 
feeders it is essential to understand 
"periodicity" 9 the accumulation of re
flections from equally spaced dis c on
tinuitieso A series of simplified 
examples may · help to explain the 
effect., Figo 3 illustrates condi t i ons 
existing on ~ lossless 75 ohm trans
mission line perfectly terminated with 
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a 75 ohm resistoro There is no reflec
tion at any freque~cy (b), so the input 
i mpedance is constant at 75 ohms (c) 9 
and the application of a pulse to the 
input results in no echo (d). 

Now consider what happens when a 
3700 ohm resistor is bridged across 
the line at a distance from the input 
end equal to 1/ 2 wavelength at 25 MHz 
(Figo 4a) This discontinuity across 
a 75 ohm line produces a constant 1% 
reflec tion a t all frequ encies (b) ; as 
a result the inpu t impedanc e varies 
from a minimum of 73 0 5 ohms (75 minus 
1%) when the reflected voltage wave 
arrives at the input 180° out of 
Phase with the input 9 to a maximum of 
76.5 ohms ( 75 plus 1%) when the two 
Waves are in phase (c)s The applica
tion of a pulse to the input results 
in a single echo following the input 
Pulse by a time corresponding to the 
round trip delay from the input to 
the discontinuity and back (d). 

Next two equal discontinuities 
spaced at equal distances are bridged 
across the line (Fig. 5a). At zero 
frequency 9 and at multiples of the 
frequency at which the spacing is one
half wavelength 9 the two reflected 
Waves arrive at the input with the 
same phase 9 so they add to produce a 
net reflection twice either one (b). 
At frequencies where the spacing is 
an odd multiple of one- quarter wave
length 9 the two reflected waves 
arrive at the input 180° out of 
Phase and cancel 9 so there is no net 
reflection at those frequencieso Th e 
input impedance varies as shown in 
(c) P reaching a minimum of 72 ohms at 
the frequencies of peak reflection 9 

l
and touching 75 ohms at the odd 
quarter-wavelength frequencies where 
t here is no reflection. Following 
the input pulse there are two echoes 
(d) 0 

Four .disc6ntinuities , Fig . 6(a) 9 

Produce complicated variations in re
tlection {b) and impedance (c) . 
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Certain general tendencies become 
clear. With many equally spaced 
discontinuities the reflections add to 
produce relatively narrow peaks of re
flection centered at frequencies that 
are multiples of the one where the 
spacing is one-half wavelengtho Be
tween peaks there are relatively broad 
ranges where the -total reflection is 
low. This becomes even more pronounced 
with eight discontinuities (Fig. 7)0 
This pattern with widely spaced narrow 
peaks of reflection is characteristic 
of "periodicity" 9 showing up wlienever 
there are many equally spaced sources 
of reflectiono Figo 8 summarizes the 
dependence of the reflection pattern 
on the number of tapso 

This effect shows up as a problem 
in the manufacture of cable for CATVo 
When the manufacturing process result s 
in small variations in cable dimension 
which are repeated at equal intervals, 
the resulting small reflections can 
add to produce severe effects at cer
tain frequencieso Great care is re
quired in the production of this cable 
to avoid the problemo Figure 9 illus
trates the reflection characteristics 
of some representative reels of cable. 
Fig . 9(a) shows a very carefully selec
ted reel with a minimum of the problem 
greater than 40 dB Return Loss (less 
than 1% reflection) across both TV 
bandso Figo 9 (b) is typical of a 
majority of the cable being used, with 
a few peaks reaching 30 dB(3%)o Figo 9 
(c) shows a most unusual case o This 
reel showed less than 26 dB (5%) reflec
tion at all frequencies except 195 MHz, 
where there was an 8 dB (45%) peak! 
Note the similarity between the shape 
of these reflection peaks and those 
shown in the "synthesized" samples pre
cedingo 

If care is not exercised, period
icity can cause problems when pressure 
taps are installed on a feeder. With 
telephone poles spaced at regular in
tervals along the street, there is a 

K200 

UNIFORM LINE, TERMINATED 

4 EQUALLY SPACED DISCONTINUITIES 

{b) ... ~" .. ~- \ [J U A I 
0-, (\[\ ' (\(\ (\(\ ' (\(\ ' 

(a) 

(b) 

C 2~ ~~ ' " ~C 7 ' lOCI 

UNIFORM TERMINATED LINE, 

8 EQUALLY SPACED DISCONTINUITIES 

.,. 
tfP·lf· •-TI ~ \ 

lf\PU"' 
I"'Pl:lA>.(( 
OH~S 

64 3 



INCREASE IN REFLECTION WITH 

1 TO 8 EQUALLY SPACED DISCONTINUITIES 

I'ICRE ASE n. PEH£CT I0N wP t-o ON[ TO £t':ii-4T (CI.H l Y !: ~.-. C l: O t ~COr;Tt · ... t:lfS 

I"'. I 

t 
OISCONTI NUI11E S 

~ 

-FREQUEN C Y FIG B 

ADDITION OF REFLECTIONS 
PRESSURE TA PS SPAC ED AT 50' INTERVALS 

ALONG l/2" FOAM CABLE 
37 8 

(a) NONE 

(b) I TAP~ 

23d8 - A./\ 
(c) 2TAPS "7\1\6 

I I 
174 MHr 216MHr 

FIG 10 

K201 

(a) 

(b) 

(c) 

REF LE CTI ON "s FREQUENCY 

3 FifELS OF CATV CABL E 

St,OWI NG EFFE CTS OF PERIODIC ITY 

----- ---·------- -- ----- --- 30dB 

+. 
54MHr e'e 

REFLECTION 

---·--------1 - --· - - ~dB 

174 216 

1 
30d8 

' ... _... ..... _:~(FLECT ION 

REFL ECTION 

(NO TE 
CHANGE IN 
SCALE) 

FIG 9 

16 BMT TAPS ON l/2" FEEDER 800' LONG 
50' FOOT SPACING HI BAND PERFORMANCE 

(a) 

29dB --------------------------------

30 

(b) 
31 

3 2 -

30d8 

31 
( c) 

32 -
33 - ----· - .. ------- --------

TRANSMISSION 

TO 1ST TAP 

RANSM I SSIOh 

TO 8TH TAP 

FIG I I 



I 

- - · ~ ~ 

tendency to space taps at regular intervals along the feeder cable. This Th 
can cause severe trouble. Figo 10 shows the neasured buildup of reflections Fj 
on a feeder with various numbers of BMT taps spaced exactly 50 feet apart fc 
on a 1/2 inch foam-insula ted cable 0 tr. 

The effects of cable attenuation can be seen by comparing this with pe 
Figo 3 to 7 9 inclusive This cable has an attenuation of about 1.3 dB. As · lJ 
a result the reflections from the more distant taps are reduced in amplitude, tj 
so the shape of the patterns and their peak amplitude is reduced as compared m< 
with what would happen if there were no attenuationo Table II compares the 
measured peak reflections with those that would occur with no cable attenua- f j 

tion ~ e~ 

TABLE II 

Number of Taps With No Attenuation 
Return Percent 

Loss Reflection 
1 · 28 dB 4% 
2 22o4 dB 7 .. 7% 
4 1705 dB 13 .. 3% 

16 8 .. 3 dB 38 .. 1% 

With these severe reflection 
spikes spaced every 8 MHz across the 
high-band 9 transmission of the TV sig
nal through the tap to the customer 0 s 
receiver is distortedo Fig. 11 shows 
the frequency response through the first 
and eighth taps 9 with response varia
tions of more than 2 dB across a single 
channel.. This condition might well lead 
to ringing and smearing in the repro
duced picture .. 

The problem is reduced somewhat 
when taps are installed at irregular 
intervals so that there is no repeti
tive pattern.. Fig. 12 shows the re
flections and responses that resulted 
when the same 16 taps were installed 
on the same feeder with completely ran
dom spacingo The reflection pattern is 
no longer regular 9 with reduced ampli-
·tude.. Transmission variations are im
proved to a little more than 1 dB in 
the worst caseo This still represents 
a situation somewhat short of one that 
would guarantee excellent picture trans
mission. 

The importance of optimizing the 
design of the individual tap for minimum 
reflection is illustr~ted by Fig. 13. 
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This shows a situation identical with 
Fig. 12 9 except that the poorer trans
former taps (CMT) were substituted for 
t he better ones o This increases the 
peak reflection from 16 dB (16%) to 
11 d B(28%), and increases the varia
tion from a little over one dB ~ to 
tnore than 3 dB . 

The patterns obtained with simpli
fied reflection conditions (Figo 7 ~ for 
example) show narrow peaks with rela
tively broad areas between where the 
reflec t ~ons were lowo This effect can 
be used to reduce reflections in the TV 
bands by installing taps in periodic 
arrays with peaks outside of these 
bandsa If the spacing between taps is 
ma de 36 inches {for foam - insulated 
Cable) the reflection spike will be at 
135 MHz where this spacing is 1/ 2 wave
l ength9 and where the reflection does 
no harmo At 67 and at 201 MHz 9 where 
th e spacing is 1/ 4 and 3/4 of a wave
l ength respectively D the reflections 
f rom successive taps will cancel 9 caus
i ng a minimum effect for the TV chan
ne l s between 54 and 88 and between 174 
and 216 MHz., 

Figa 14 illustrates thisa 14 (a) 
Shows a plot of reflection vsa frequen 
cy for a single transformer tap (BMT25) 
l t reaches a maximum of a little below 
28 dB (over 4%) at 216 MHzo When two 
Of t hese taps are attached to the line 
36 inches apar 9 their reflections can
Cel at the center of the low band and 
th e center of the high band 9 as illus
trated in Figo 14 (b). The net effect 
is that t he two taps cause somewhat 
l ess reflection than one! An even 
~ore dramatic effect is obtained when 
three taps 9 14 (c) and four taps ~ 14 
(d) 9 are c onnected. Whereas four of 
these t aps c ould cause as low as 16 dB 
r e t ur n l oss (16% reflection) if they 
were i ns ta l led so their reflections 
added i n phase ~ by scientific group
ing t hey can be made to give less re
fl ec tion wi t hin the TV bands than one 
tap a l oneo 
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When four taps are to be i nst a lled 
at a given location a a fairly c ommon 
situation i n a CATV system ~ s ever al 
arrangements are possibleo Fig . 15 
shows the reflection plots f or s ome of 
theme The arrangement shown in Fig o 15 
(a) is probably the most convenient 
physically , in that the installer has 
t o reach out only 18" to either side of 
the pole or ladder on which he sta nds e 
Its electrical performanc e 9 however 9 is 
poor~ showing excess ive reflection on 
Channe ls 6 9 7 and 13 o Either of t he 
other ar r angements shown is good » the 
one shown in Fige 1 5 (c) with t a ps 
close together at the center , a nd the 
other two spaced 36'' on either side~ 

seems to be the best from bot h t he 
electrical and the mechanical poi nt 
of viewo 

To show the improvement that can 
be obtained by this simple technique an 
800 f oot feeder was equipped with the 
same 16 BMT taps us ed in t he ear lier 
examples o They were installed i n four 
groups of four ~ each group arranged in 
the pattern illus trated i n Fi g e 14 (d). 
Figo 16 shows the resulto (Note that 
the vertical scale of 16 (a) i s doubled 
to exaggerate the reflec tions.) Gr oup
ing of the taps in this way i ncreased 
the feeder return loss as compared with 
the conditions of Fig o 12 from as low as 
16 dB to a minimum of 24 dB o Tr ans
mission variations across any one TV 
channel were reduc ed from about 2 dB 
down to abou t 0 . 5 dB o With no increase 
in equipment cost v tap grouping sub
stantially reduces the possibili ty of 
picture degradation due to reflect ions 
and respons e variations in the fee der o 

It is interesting t o c ompare the 
perfor ma nc e o f pressure taps under these 
optimum c onditions 9 with the r esults 
obtained us i ng the tapping devic e hav
ing 9 electr ica l l y v the bes t poss ible 
c haracteristics & Th is is the direc 
tional coupl~r multi-tapo I t has 
three important a dvantages over t he 
pressure tap ~ 
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1. Directivity ~ It is more sensitive to waves coming down the feeder 
than to waves traveling back up the feeder, and thus discriminates 
against reflections or spurious signals coming from taps or r eceivers 
further down the lineo 

20 Lossless Backmatch~ With a transformer tap approximately half the 
energy tapped off the line i s lost in the backmatch resistor. With a 
directional coupler none of t his energy is lost, the reverse termina
tion acts only t o absorb energy reflected from the receiver. Thus the 
efficiency of a directional coupler (which determines the line loss 
for a given tap) can be very h i gho 

30 Multiple Outputs ~ This means that fewer units are needed with corres
pond1ngly fewer possibilities of reflectiono Our new Model DCM coup
l er has four outputs, s o on ly one-quarter the number of units are re
quired as compared with a pressure tap. 

The multi-taphas two d isadvantages ~ as compared with pressure taps ~ 
l ., Installation ~ To insta l l a multi - tap the feeder cable must be cut . 

This takes time and interrup t s ser vice , so the pressure tap is more 
convenient .. 

2. Pre-loading ~ A c omplete c oupler must be installed before one customer 
can be connected 9 s o the use of multi-taps requires more advance plann-
ing and investmento 

To allow comparison of directiona l c oupler multi- tap performance with the 
foregoing pressure tap arrangements ~ the 800' feeder was equipped with 
four DCM units at 200° interval s.. The reflection and response character
istics are shown in Fig. 17. It c an be seen that the _coupler has slightly 
higher return loss (28 dB vs. 2 4 dB) 
as compared with the best arrangement 
Of pressure taps (Fig .. 16) a nd less 
~esponse variation (about 9.,3 dB vs " 
Oo5 dB) , but their perfor mance is 
quite comparableo The coupler re
quires no care in regard t o s pac ing 9 

and has the other advantages listed 
aboveo 

This article has presented a 
technique for minimizing t he reflec
tions from pressure taps by careful 
grouping o While the best resu l t s are 
Obtained with the better type of t r ans
former taps (BMT) , the same impr ove
~ent will be experienced with any 
Dressure taps" The directiona l c oup
ler multi- ap is shown t o have 
~lightly better perfor mance t han t he 
best that can be obtained fr om pr es 
~ure taps" With its other advant ages 
this suggests the use of t he coupler 
for situations where the very best 
Derformance is desired and where t he 
~ecessity of cutting the cable i s not 
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too great a deterrent 9 and the use of pressure taps in other situations. 

CHAIRMAN SCHLAFLY~ Thank you, Keno Our next speaker is Mr. Edward 
Wuermser of Entron !nco , to speak on UHF to VHF converters for CATV. 

MRo EDWARD WUERMSER (ENTRON !NCo)~ The general public is showing in
creased interest in Ultra High Frequency (UHF) TV programs and, therefore, 
this service must be added to CATV systems. UH~ as transmitted, is at too 
high a frequency to be compatible with present CATV systems because of the 
high cable losses _(Figure 1) and dif-
ficulty in constructing distribution 
system amplifiers for UHF frequen-
cies . In addition , all present CATV 
systems would be obsolete 9 since by 
present system standards for ampli
fier spacing , the number of ampli
fiers required would be increased two 
and one - half timeso Also s the view
ing audience would be limited since a 
majority of existing TV sets do not 
have all-channel capability; i.eo» 
channel 2 through channel 83& There
fore » conversion to the present VHF 
frequency band is required. 

There are many UHF to VHF con
verters available for home TVs , but 
these are unacceptable for CATV head
end use because of high noise figures 
and frequency drifto Breaking a typ
ical converter into functional blocks 
(Figure 2) one finds at the input , a 
tunable filter which ~ in turn , feeds 
a diode mixero The converting local 
oscillator or (LO) is tunable so that 
the unit will tune over the entire 
UHF spectrumo The output of the mixer 
is fed to a filter to reject the un
wanted signalso In some cases VHF 
amplification is providedo There are 
variations using a transistor mixer or 
using one transistor as a mixer-oscill
atoro 
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Considering the noise figure of this type of converter, most of the 
diodes used .. for mixing have published noise figures of 14 db to 16 db, with 
conversion losses in excess of 6 db. Using a 7 db noise figure for the 
amplifier following the converter~ gives an overall noise figure at the 
head- end of i6ol db. See Table I. 
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TECHNICAL PROGRAM - I 
Monday 9 June 27 9 1966 

CHAIRMAN ARCHER So TAYLOR ~ I want to welcome you all t .o the First 
Technical Paper Session of this Conventiono We have a number of quite 
interesting presentations o Our time is somewhat limited o I 0m going to 
ask the speakers to confine themselves to approximately 25 minutes and~ 
if possible 9 we will have a question periodo Keep your questions in mind 
and we will try to give you an opportunity to raise them with the speakers 
if time allows o 

For our first speaker we have Mro Hubert Schlafly 9 Vice President ·of 
the TelePrompter Corporation in New York and all over the country o Mr. 
Schlafly is going to speak on the short-range multichannel microwave. 
J.l:r. Schlaflyo 

MRe HUBERT SCHLAFLY (TELEPROMPTER CORPORATION) ~ Gentlemen ~ it is a 
Pleasure to be with you here in Miamio 

About a year ago 9 at the NCTA Convention in Denver 9 the project now 
referred to by the somewha t cryptic name of AML--m~aning Amplitude Modu
lated Link 9 but more descr iptively called "Short Range Multi Channel 
~icrowave"--had already been in active study and/or experimentation for 
Si:x: months 0 

Today 9 the result of this conceptual 9 theoretical 9 engineering~ lab
Oratory 9 design and construction work is a physically operating system. 
This system is transmitting up to 12 color grade 9 standard television 
Channels 9 modulated on a single carrier 9 over a six-mile path in New York 
City 9 under an Experimental License issued by the Federal Communication 
Commission 0 

I immediately hasten to emphasize that we do not as yet know if these 
e~perimental studies will lead to a practical operating system--the reason 
for the experiments is to collect operational 9 component 9 propagation and 
Performance data which will help us arrive at an opinion on operating prac
ticalityo Furthermore 9 there is hardly any need to remind an experienced 
group such as this that the granting of an experimental license by the FCC 
does not indicate 9 suggest or even imply that the project will qualify for 
a commercial frequency allocation or that operators applying for such ser
Vice will be granted a license o Do not underestimate either one of these 
two points o The first point is important because we are striking out not 
only into a new frontier of technique 9 specifically the multi channel -
Single transmitter concept 9 but also because we have dared to push into a 
Portion of the electromagnetic spectrum which is beyond the boundary of 
today 0 s commercial equipment and components o 

The second point of caution is the familiar point of the necessity 
for the Commission carefully to examine each proposed use of the radio 
Spectrum , and to determine whether it is in accord with the Commission's 
over-all policy P under the Communications Act of 1934 9 as amended, of con
Cern for the welfare of the general publico 

It is my opinion that the Commission does look with interest upon 
this experimental project o First of all 9 the engineering staff of the Com
~ission has always shown great interest in s and given great encouragement 
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to 9 anyone who will stick his neck out by investing substantial dollars i n 
a project which extends our knowledge of the frequency · spectrum and its 
efficient u til ization o This project 1nvolves research ~ development and e~ 
gineering which cannot help but extend manus fund of knowledgeo Even the 
telephone company 9 which hastened to protest any possible future commercial 
use of the 18 GC s pectru 9 said that it would not oppose pure experi~enta
tion o Th e second reason for FCC interest is that the AML project offers a 
fresh point of view and new technical poss i bilities for the solution of 
some of the problems that the commissions are currently considering o 

AML enjoys a means of modulating a microwave carrier and throwing 
away all of the components of that modula tion except one sideband o This 
sideband c onta ins sufficient intelligence to ~ermit reproduction of the 
entire range of input information 9 including the precise frequenc ies of 
that input o 

Thus 9 if a conientional CATV coaxia l cable , including all of the. in
formation and frequencies from 54 to 216 megacycles that are-llormally 
carried on t hat cable is used as the input t o an AML Transmitter--then a ll 
of these exact same frequencies will be delivered into the coaxial cable 
that is c onnected t o the output plug of that AML Receiver o In effect , t he 
AML concept permits an invisible coaxial cable 9 without the benefit of te le~ 
phone poles 9 wires 9 messengers 9 hardware 9 amplifiers 9 power supplies and 
real estate 9 to deliver full CATV service from a "head-end" terminal to 
one or to many "dis tribution" terminalsv which conceivably could be locat ed 
anywhere within a few miles of that head end o 

The AML concept does not eliminate cable--as some of the trade publi 
cations have speculated by referring to the project as "cableless TVoH 
The final distribution in a local area requires exactly the same cable~ a nd 
devices 9 that are used now o AML does permit the full complement of head 
end signals to be delivered to particular distribution terminals , at one 
or a large number of locations 9 without long 9 costly 9 or difficult cable 
runs through unproductive areas o Once a transmitter terminal has been es
tablished 9 with . an antenna pattern as narrow or as wide as is necessary t o 
illuminate a desired area with microwave energy--then a high gain 8 (appro~' 

imately 1° beam) receiv ing antenna may be located anywhere within this 
illuminated area and output converter provided this location has line of 
sight to the transmitter and exceeds a minimum field strength 9 allowing 
for propagational fades 9 ~he receiver can immediately obtain all of the 
CATV signals available at the transmitter site itself o 

. If this illuminated area includes a n isolated farmhouse 9 or a smal l 
cluster of houses in a subdivision 9 or a substantial suburb across a can
yon or a river 9 each of these locations could have full channel CATV ser
vice by the simple expedient of installing a receiver site o Thus 9 service 
does not have to be extended in geographic continuity o Service can be 
delivered im~ediately to the areas of greatest need regardless of whether 
or not th ey are in accord with the construction program for extension of 
trunk line c~~le o Furthermore 9 the equipment necessary to do this job is 
salvageable o I~ 9 for example 9 signal delivered to a farmhouse were no 
longer nec essary because the people moved away--there would be no loss re
sulting from an extended pole line installation o Disconnect the receiver 
and move it to a new location 9 where it can immediately be productively 
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Usefulo The user would not be left with miles of plant which · wou~d have 
to be removed and which would have questionable salvage value o 

In a large metropolitan area 9 such as New York City -- and I happen 
to have an intimate personal knowledge of the trials and tribulations of 
installing cable in New York City -- the AML approach would permit deliv
ery of CATV signals- - through the air--into one receiver located in each 
hlock o Once into the block 9 normal feeder cables~ amplifiers and drops 
Would be ma de into the dwellings of subscribers in that blocko The impor
tance of this_ approach is that the CATV system would not have to obtain 
assignmen ts or pull cables thro gh the underground ducts v and its con
Struction crews would not have to enter manholes in the streets 9 or impede 
traffic with equipment or subsidiary c onduit constructionso We are indeed 
~ery s ensitive of the fact that during the public hearings in New York 
City 9 prior to the granting of a CATV franchise by t he Board of Estimate~ · 
the counsel for the telephone company opposing such a grant 9 warned the 
City that by allowing CATV operators the privilege of using communication 
ducts in the public streets 9 they would place 3 mill ion phone connections 
in jeopardy 9 risk disruption of civil defense networks and increase the 
likeiihood of another power blackout of the entire east coast of our na
tion o While we dispu te this gratuitous conclusion v we hasten to point out 
that by removing the necessity of having cable in the streets at all ~ we 
have made i t physically impossibl for such dire predictions to come trueo 
As powerful as this argument may be 9 I somehow do not have the feeling 
that we will thereby win the unstinting support of the .telephone company 
for the AML projecto 

I do have one slide which shows an artist's con
Ception of the metropolitan area usage of AMLo Broad
cast signals from a tall building 9 which vaguely re-
sembles the Empire State Bu ilding 9 are received at an 
AML Head End 9 converted to microwave and radiated with 
a pie-shaped beam over a portion of the ci ty where re
ceivers are located on rooftops of buildings in indiv
idual blocks receive this signal 9 return it to VHF and 
distribute the signals by cable within the boundaries 
Of that one blocko 

Now let 9 s examine thefrequency that was selected 
for the microwave experiment of AMLo Why did we select an 18~000 mega
cycle frequency o Basically 9 the reasons were these : 

l o Below 12 KMC 9 the spectrum is already overcrowded with Govern
~ent 9 Common Carri r and Commercial Users o Furthermore , these frequencies 
are allocated to comparatively narrow bands 9 split up between the serviceso 
AML 9 in order to carry the entire VHF spectrum from 54 to 216 MC , would re
quire 162 megacycles of total bandwidth» this is about Oo8% of the 18 GC 
~icrowave carrier frequency o Further fficiencies might reduce this to 
loo or 108 megacyclese 

Above _l2 KMC 9 there is a 500 megacycle band between 12o7 and 13 o2 
Which might be considered o But this band is already subdivided into 
12 05 MC channels for which there is a highly competitive demand in the 
television pickup p STL and CARS Servic So · 

Above 13o25 9 all frequencies ar assigned to government use including 

F83 



Radio Navigation, Earth-Space, and Radio Astronomy, unti l 17 . 7 GC . 
The current Table of Frequency Allocations provides a non-government 

band for Industrial, Fixed and Mobile use from 17o 7 to 19 . 3 0 This 1600 · 
megacycles of virgin spectrum (since to the best of our knowledge no appli~ 
cations have been granted for this frequency band) does not have the crow~ 
ing or the bandwidth limitation of the 12o7 band and seems to have many 
logical reasons for an AML-type serviceo 

2e The AML service is in tended to operate over limited ranges~ As 
presently conceived, transmiss ion distances in the or der of 6 miles, poss
ibly as high as ten or twelve miles, seem adequate f or extensive utiliza
tiono Therefore, the recognized factor of increased pa th attenuation and 
weather effects is less bothersome than it would be for a service which 
desired relay distances of 20 1 30~ 50 or more miles . Therefore, the future 
or projected cqngestion in th e 18 GC band is also favorable to the AML se~ 
viceo 

3o And finally, the state of the art, as understood and extended · by 
competent engineering groups into the one centime ter wavelength region, 
has reached a point where sound design and totally reliable equipment for 
continuous duty service seems l ikely and practical o 

So the three points which influenced this 18 GC decision are--in re
verse order: 

A. We are confident we c an master the technical des ign . 
B. Its propagation limita tions are not limi tations for the 

kind of service we contemplateD 
Co We stand a better chance of obtaining an al location for 

this commercial servic e at a higher rather than at a 
lower frequencyo 

How is the experiment working? I am personally very well pleased witb 
our results to date. We have had no surprises or ma jor deviations from 
theory and we have demonstratably excellent picture quality on 12 channe ls 
without discernible cross modulation or noise. Cont inuing measurements are 
being made on propagation characteristics 9 multipath phenomena, beam defrac~ 
tion and other essential factors wh ich will influence future design and 
contribUte to man's knowledge of t his .portion of the frequency spectr~m . 
Data are still in the process of being collected--conclusions or even ob
servations on the experiment to date would be premature and poss i bly even 
misleading. 

Recognition of the impor tance of these experiment s t o TelePrompTer 
and to the CATV industry has r esulted in the expendi t ure of a tremendous 
amount of dollars, and executive time and thought on the project . The 
fact that Mr. Caywood Cooley , TelePrompTer's Engineering Vice President, 
has been assigned full time to this particular undertaking , is an indica
tion of the project's importance in the eyes of our President and Board of 
Directors. 

But while the evaluation of need 9 the pointing of t he way, and the 
detailed industry application have been supplied by TelePrompTer, the real 
guarantee of ·success of the pr oject from the technical point of view, is 
the total support and major proj ect status given by th e executives and 
engineering staff of Hughes Aircraft Company~ Th i s company , since it was 
convinced of the merit of the undertaking~ unhes itatingly committed the 
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engineering knowhow and facilities that produced the tremendous engineer
ing successes of the Syncoms I and 11 9 Early Bird 9 a nd most recently the 

i~ astounding first-try bullseye of Surveyoro I consider that the Hughes 
~ Aircraft Company interest is a sincere compliment to the stature of the 

NCTA and CATV industry o It is a recognition of growth of a service from 
the small beginning of individual ingenuity and enterprise towards its 
goal as a major American industryo 

CHAIRMAN - TAYLOR ~ Thank you 9 Mro Schlaflyo We have a little time for 
questions 9 if anyone would like to inquire on the subject o 

~e QUESTION : Does this transmitter broadcast in a omnidirectional or 
~ is it a highly directional beam? 

b 

e 

MRo SCHLAFLY : Th e beam shape can be tailored to your needs o In 
New York City 9 for example 9 it is our intent to use either a 15° or 20° 
Pie-shaped beam horizontal 9 but quite narrow vertical o In this way we 
don ut lose all of the gain i n the antenna 9 but we still have an area cove~ 
age rather than a pea shooter-type of operation o The receiving antenna 
Will be extremely narrow u We expect to use the 1° beam between the half
Power point that I mentioned i n the papero This directivity will assist 
Us in multipath discrimination a nd air plane flutter and possibly other 
Situations o 

QUESTION ~ How much will this cost compared to cable? 

MRo SCHLAFLY : The dollars seem to make sense to us o We can't answer 
You specifically because we haven't progressed to the point of final equip
~ent design o We are more concerned at the moment on the propagation diffi
culties~ component design 9 and so on o But all of our checks to date have 
indicated that it would be a very practical system from the dollar stand
Point o 

QUESTION : How long would it take to complete this development pro
ject? 

MRe SCHLAFLY ~ Cons idering the number of variables 9 I don't really 
~now o The experiments that I have mentioned are under way now o One of 
the prime factors is t he reaction of the Commission o Incidentally they 
have been quite interested in the experiment o 

The answer depe nds on how lucky we are o It could be as short as six 
~onths to a year 9 or if we run into troubles it could be 18 months before 
We have commercial operat i on o 

QUESTION ~ Are they going to demonstrate to the industry in the near 
futur e? 

MRe SCHLAFLY ~ I don ~t think there is going to be an open house o We 
have ~ after all 9 th e serious program of collecting data on this set-up that 
We have operating in New York City nowo We have demonstrated the set-up 
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and I think that if anyone of you gentlemen sitting here had particular 
interest in _it 9 you should get in touch with me o Some sort of demonstra
tion or visit could be set up o Thank you o 

QUESTION ~ What indication is there to date on the propagation 
losses over a 6- 12 mile path due to pr~cipitation? 

MR~ SCHLAFLY ~ The data to date is pretty well in accord with the 
previous work that has been done in this field and it has been reported in 
the IEEE and other magazines $ Since there is not a great deal of data, we 
can ~ t compare it broadly o Fortunately we had a tremendous downpour of raiO 
for about 6 minutes a week ago · n New York o We have not analyzed and corre' 
lated this exact amoun t of the rainfall with the propagation recording 
charts as yeto I don ~ t think I am prepared to give you a definitive answer 
on that 9 but it is be ing studiedo 

QUESTION ~ What power levels are expected to be used based on the 
data collected so far? 

MR o SCHLAFLY ~ The power levels that we are using now are quite 
small o I think the radiated power that we have is in the order of mili
watts u We are taking tha~ int6 account in the collection of data o The ob~ 
jective 9 however 9 is to deliver transmitter power to the antenna in the 
order of 2! to 5 watts 9 somewhere in that regiono 

QUESTION ~ What type of modulation? Has there been any work on 
cascading in these units? 

MRo SCHLAFLY ~ The name itself is descriptive of the type of modu
lation o It is an amplitude-modulated carrier~ with suppression of the 
carrier and filtering out of one of the sidebands o So its a simple side
band transmission o As far as cascading goes~ I am not prepared to say on 
thato I am most pleased with our performance to date 9 in terms of cross 
modulation 9 but I cannot say how far we could go using repeaters o 

CHAIRMAN TAYLOR ~ Thank you again 9 Mr o Schlafly o 1 9 m sorry to term~ 
inate question on this 9 but I'm sure Mro Schlafly would be delighted to 
talk to you individually afterwards 9 but we have some more papers o 

Next I would like to introduce to you Mr e Richard Ro MacMillan~ 

Chief Engineer of the Kaiser-Cox Corporation 8 who is going to speak on test 
equipment and methods o Mro MacMillano 

MRo RICHARD Ro MACMILLAN (Kaiser-Cox Corpo) ~ With the introduction 
of second g~neration transistorized amplifiers 9 requirements for longer 
cascaded systems and better system performance 9 it is many times necessarY 
to take a second look at the test equipment and test methods being used fot 
equipment eval~ation and maintenance o 

The CATV industry has not yet standardized on either system perform' 
ance specifications or equipment test methods and a detailed understanding 
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0 f how the equipment manufacturer spec.ifies his equipment should be under
stood by the potential user to be sure that the particular equipment will 
Perform the way the user expects o 
~surement of Response ~ CATV te hnicians have been measuring response on 
amplifiers and other devices for many years 9 but with the closer tolerances 
specified on modern equipment 9 both the test equipment and test methods 
Should be reviewed o A typical amplifier response requirement is for the 
response to be with ~ t db from 50 to 220 mc o This requires careful cali
bration and accurate stability in the sweep generator 9 detector and oscillo
scopeo Furthermore 9 it is highly desirable that the calibration attenuators 
or "pad boxes" have steps of at least l db and preferably ol db steps o The 
sweep generator should have the following electrical requirements ~ 

le The amplitude response flatnes s should be typically ~ ! db or 
better over the frequency range of interesto 

20 The amplitude stability over the period of measurement should be 
Within ol db or bettero 

3 o The output impedance of the sweep generators should be ~ for CATV 
Use 9 75 ohms 9 to eliminate any repetitive standing waveso 
The detector should be doCo coupled and is generally of the full wave 
doubler type o Th e oscilloscope need not be of the high frequency type but : 
Should be of high sensitivity (typically 10 mv/cm) ~ d oCo coupled 9 with the · 
d .c o vertical amplifier stability such that equivalent drifts of less than 
.05 db occur during the measurement time o With the use of stable test 
equipment employing d .co c oupling 9 a large percentage of the oscilloscope 
face can be used for measurement with the base line not visible on the 
screen o The system should use the substitution method of calibration, 
Where 4 ! db 9 0 db and - i db calibration lines have bee n drawn on the 
face of the scope with a grease pencil o 

Example ~ 

0 refo = 3! db 

+l/4db~ 

- 1/4 db ________,.--

The system may be left in one of t he calibration positions for a long 
enough time to insure that the doc. drift for any reasonable measurement 
time is negligible o The amplifier and its cable are then placed in the 
8 Ystem 9 appropriat adjustments of amplifier gain and tilt made 9 and the 
response obs rved . 
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FIGURE 2 
Cable Amplifier 

Typical Test Set up ~ 
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Typical Test Setup ~ · A variable or swi tchable pad is used after the sweep 
generator to establish the reference lines (Figure 2)o The delay line iS 
used in the system to eliminate the problems of response variations due to 
jumper cableso All jumper cables should be as short as possible 9 with di~ 
ect connections from the delay line to the amplifier test cable 9 between 

a: 
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g· 
M .... 
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the test cable and the amplifier 9 and between the amplifier and the detector· 
The calibrate condition consists of connecting the detector directly t 

to the output of the delay line ~ with the variable attenuator switched to ~ 
a small amount of attenuation (Figure 1 utilized 3! db) o The+! and ·-! re!" 
erence lines can then be obtained by setting the attenuator to 3t db and 
3-3 / 4 db v tracing the reference lines with the grease pencilo 

If a coaxial switcher is used to establish the reference , cross talk 
and reflections from the switcher must be small enough not to affect the 
amplifier response ~ A check can be made by tracing the responses when the 
coaxial switcher is used and then compare it to the response when the ·swi~ 
cher is replaced by a direct connectiono Many switchers have a noticeable 
effect on accurate measurementso 

It should be noted that the amplifier test cable is positioned before 
the amplifier (Figure 2)o This is desirable to prevent overloading of the 
amplifier by high sweep generator levels 9 often necessary for a good dete~ 
tor response o 

One factor in response or alignment checks that is frequently over
looked 9 is the fact that the amplifier may have been aligned using a cable 
which has an attenuation ' vs o frequency characteristic slightly different 
t~an that used to check response o A typical example is to test a mai~line 
amplifier ~ which was aligned on !" aluminum 9 foam dielectric cable 9 using 
RG59U type cableo Typical foam-filled cable has a loss characteristic 
where the high frequency losses increase more rapidly than J frequency 
whereas RG59U type very nearly represents Jfrequency cableo The end re
sult is for the response curve to appear such that t he amplifier peaks in 
gain slightly at the high frequency and of the scope trace 9 or conversely~ 
if amplifier? that have been aligned on RG59U type cable are cascaded in a 
system using channel 13 for a reference 9 . the low frequency channels will 
appear to increase in levelo It is best 9 therefore 9 to align amplifiers 
utilizing cable similar t o that which will be used in the systemo It is 
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also recommended that for alignment and accurate response checks of ampli
fiers 9 that automatic coaxial RoFo switching devices are not used since 
Very small amounts of crosstalk can affect the true response curve and 

~ give erroneous resu 1 ts 0 

~ 
~easurement of No i se Figure ~ The measurement of noise figure and its rela
tionship to signal to no ise ratio of a CATV system is one which most CATV · 
technicians can acc omplish only by comparison using a field strength meter, 
applying a field str ngth meter correct ion 9 measuring the gain of the amp-
lifier 9 and substituting in the following equation ~ 

~oise Figure = Noise out of amplifier ~59 - Amp Gain ~ detector + FSM 
bandwid th correctiono 

This system will give comparative result s 9 but to utilize this method where 
an input equalizer is used 9 the over- all gain must be measured with the 
equalizer in position o Hence 9 if the insertion loss of the input equalizer 
is over a db or two 9 and noise figures are measured at normal operating 
gains 9 it is not unusual to find t hat the limiting equivalent noise fig
Ures and thus signal-to-ratio occurs at the low channels , whereas with an 

'• amplifier that has the equalization distributed within the electronics , 
the limiting signal-to ratio occurs at the high channelso The classical 
~ethod of measuring noise figure utilizes a noise generator in conjunction 
With a 3 db pad 9 and as applied to CATV 9 is shown in Figure 3o 

! 

Noise 
Geno 

Ampo 
1----1- Under 

Test 

FIGURE 3 
lSI 

·--==-3 ----.:od~b-P·a d 

The measurement is made as follows ~ 
lo With noise generator in "Off" position and S1 closed l> measure noise 

out of the amplifier under t st at the particular frequency of inter
est utilizing a field strength meter as a tuned voltmetero 

20 Open S1 9 turn on no1se source and adjust noise output so that the 
field strength meter reads the same as in Step lo 

30 Add or subtract any impedance correction factors to noise generator 
reading for actual noise figureo 

~ost manufacturers have automatic noise figure measuring equipment , one 
Such instrument ut lizes a TV type tuner and can check noise figure on 
each TV channel o For mos t CATV technicians 9 a relative measure of noise 
figure obtained from a known good amplifier will serve adequately for 
equipment maintenance 9 if one remembers that the absolute measurements have 
a considerable error o 

~asurement of Cross-Modulation~ Just as equivalent noise figure is a 
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limiting factor on amplifier cascadeability ~ the increase of cross-modula
tion with output signal level limits the permissible output level of the 
amplifier o Many methods of cross- modulation evaluations have been tried 
by both component and equipment manufacturers and most agree that multi- · 
channel tests must be made to i nsure that realistic results are obtainedo 
Transistor circuits can be optimized at any specific two channels 9 leading 
to very erroneous results if the output levels are derated by normal vol t 
age equations o Several manufacturers have built elaborate cross-modulatioP 
testers o The cross~modulation testers consist of.l2 channel generators 9 

of which 11 channels are modulated with a common modulating signal (usual lY 
a 15 kc square wave or 15 kc simulated horizontal sync signal) at a high 
modulation percentage suc h as 85° - 90°%e The remaining channel (the one 
to be observed or measured) is either a CW signal or modulated at a 
slightly different frequency near 15 kc v again at a high modulation per
centage o The signals are controlled in amplitude and combined in an ap
propriate network and fed 1nto the unit under test a The signal out of 
the unit under test and any compensating cable 9 is connected to a cali
brated field strength meter for level measurement and demodulation , where 
the output of the field strength meter is cabled to a very narrow tuned 
voltmeter o The system is calibrated by applying modulation of a normal 
level to the channel to be measured 9 to establish the 100% modulation ref
erence 9 and then the channel oscillator is either operated CW or with a 
modulation frequency outside the passband of the tuned voltmeter o The 
modulation level is then read as X db below the 100% modulation reference. 

To insure that the cross~modulation tester is not significantly con
tributing cross-modulation products to the amplifier under test 9 the amp
lifier and compensating cable is replaced by a short circuit and the sig
nal levels raised to the same level going into the field strength metero 
The cross-modulation products should be 90 to 100 db below the 100% modu
lation level o With cross modulation products at these levels 3 i oe o9 90 
to 100 db down 9 the output level of the amplifier under test can be re
duced in appropriate steps to observe a 2 db decrease in cross-modulation 
products for a 1 db decrease in output level 9 to insure proper operation 
in cascaded systemso Since the channel generator of the measured channe l 
can be operated either CW or modulated at a high level ~ a correlation is 
needed between the two measurements and it is generally accepted that the 
modulated system will be down 6 db mor than a CW measurement o The .author 

.Prefers the use of a simulated TV-type sync signal (approximately lO~s 
pulse of 85% modulation) with the channel to be measured modulated with a 
similar sync type signal outside the passband of the tuned voltme ter o 
This most nearly represents the system in actual use since objectionable 
wiping is viewed on an active channel with normal sync signals triggering 
the sweep circuits of the TV seto 

Measuremen~ of Level ~ The most c onvenient instrument for the measurement 
of level is the field strength meter which in general terms is a tuned 
voltmeter o T~e accuracy should be ~ 1 db or better over the range of 50 
to 220 me and the input VSWR should be 1.05 or better o Pres nt meters do 
~ot meet these requirements and special techniqu s should be used when 
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accurate measurements are desiredo · When measurements are made utilizing a 
jumper cable v an inline attenuator 9 or t he meter switchable attenuator 
~hould be used to properly terminate thejumper cableo This is extremely 
lmportant when measuring amplifier test points 9 since most test points pre
sent a high source impedance and thus the jumper cable 9 if not properly 
terminated 9 can have multiple reflections 9 with the indicated level depend
ent on the length of the jumper o 

The problem of calibration of the field strength meter has been less
ened with the commercial availability of accurate RF thermocouple transfer 
standards 9 such as the Model 440 Selby Micropotentiometer offered by Ball
antine Laboratorieso These units are inexpensive and can be calibrated by 
either the manufacturer or can be calibrated by the Bureau of Standards 
Calibration Labs to an accuracy of better than ~ 1 db over the VHF rangeo 

To summarize 9 the requirements to measure the performance of modern · 
CATV equipment requires accurate and stable test equipment o Furthermore 9 

test methods and actual laboratory setups should be reviewed to insure 
that problems or improper techniques do not exist 9 whereby the equipment 
to be evaluated is not measured properly o 

CHAIRMAN TAYLOR ~ Thank you very much Mro MacMillan o We have just a 
few minutes to ask questions on test equipment to Mro MacMillan o (No 
questions) 
S . It is of particular pleasure to introduce our 
Wltzer from Lethbridge 9 Albertao We always enjoy 

friends and counterparts attending our convention o 
this afternoon will be time domain reflectometry o 

next speaker 9 Mro Io 
having our Canadian 

Mro Switzer's subject 
Mro Switzero 

l · MR o Io SWITZER (LETHBRIDGE 9 ALBERTA 8 CANADA)~ The RF transmission 
Elnes used in CATV system are important and critical parts of the systemo 
t~Phasis in CATV marketing techniques on quality in pictures delivered to 
hhe subscriber makes it increasingly important that our coaxial cables 
tave the bes t poss ible transmission characteris tics when installed and 
dhat these characteristics should be maintained to a very high standard 
Uring the useful life of the cableo 
. Common CATV system practice for cable testing has progressed from 

~ltnple transmission sweep testing a through "frequency domain reflectometry" 
B0 .the present well accepted practice of use of the Swept RF Impedance 
.rldge for cable testingo The RF bridge provides a very sensitive test 1 

ln the frequency domain ~ for cable imperfections and flaws o 
d Recent developments in the precision oscilioscope field now make time 
t?tnain reflectometry a pract ical and useful tool for CATV system applica-
lon o 

t Reflectometry I shall refer to as the measurement of system charac -
teristics by m asur~ng reflections caused by imperfections o Measuring re
~17ctions as a function of frequency is reflectometry in the frequency do
t~ln ; measuring reflections as a function of time is reflectometry in the 
ltne domain o 

b In general the frequency and tim domains are related mathematically 
Y the Fourier transform 9 and a description in either domain is a complete 
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Equalizers 
Duplexers 
Automat ic level control 
Automati tilt control 
Ma tching t ransformers 
Home splitters 
Tapoffs ~ Pressure taps 9 hybrid types 9 isolation 9 

thruloss o 
17 0 Accessories ~ housings mou ntings 
18 o· Test instruments and their uses 9 particularly the field 

strength meter o 
190 Servicing and installation ~ 

Signal prob ' ng 9 checking of cables 9 grounding s 
weather proofing 9 use of test equipment 9 trouble 
shooting by symptoms 9 c hecking defective distri
bution lines 9 preventive maintenance o 

20 o Specifications ~ Interpretation and writing o 
21 0 Cost estimates o 
22o Pole line constructiono 

CATV - AUXILIARY PROGRAMS 
23 0 Basics for c losed circuit (CCTV) program origination o 

a) lighting 
b) lenses 
c) types of cameras 

24o Weather channel ~ sub-channels 9 microwaves 

CHAIRMAN TAYLOR ~ Thank you very mucho Does anyone want to ask Ike 
questions about this training program? 

QUESTION ~ Is this training available to anyone 9 and on what basis? 

MRo BLONDER ~ We have c onducted seminars throughout the United States, 
Usually in regions 9 conducted by our Regional Sales Managero I must admit 
~hat we have concentrated much more on the NATV area in which we have had, 
tn the past 9 a greater interest 9 but we are setting up a new program o If 
You will indicate to us your interest in participating » you will find that 
We Will have a regional meeting in your area eventually to which you are 
Certainly invited o 

CHAIRMAN TAYLOR ~ Our next speaker is Mro George Bates ~ Vice Presi
~ent of Engineering for.DYNAIR El ectronics 9 Inco Mro Bates will speak on 
he use of the sideband analyzer and its applicationso Mro Bateso 

MRo GEORGE Wo BATES (DYNAIR ELECTRONics; INCo) ~ The "sideband anal
~Zer'' is well~known to the television broadcast engineer; it's one of the 
Casic tools of h is trade o Howeve v for some unknown reason 9 the average 

ATv engineer - who has even more need for this device - is not familiar 
' 1th its applicat ion in CATV and 9 in many cases 9 do sn°t even know it existso 
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The purpose of this paper is to introduce the sideband ana~y.zer to the 
CATV engineer and to show the many reasons why it is almost mandatory that 
this device be used for efficient maintenance of todayqs complex CATV sys
temso In our opinion 9 there is no other method which will enable a head~ · 
end to be ma intained-economically-in top operating conditiono This device, 
which replaces a multitude of expensive test equipment 9 enables the engineer· 
to precisely determine the quality of his modulators 9 in a matter of minutes, 
without even removing a dust cover~ 

Almost anyone who has worked around a television modulator of any type 
is familiar with the time~consuming point-to-point method of determining 
over-all video and RF responseo A typical test setup for this method is 
shown in Figure lo The required equipment consists of a wideband oscillo
scope s an RF marker generator 9 an RF sweep generator

9 
a video sweep gener

ator 9 a VTVM 9 an attenuator 9 detector probes 9 and about a dozen miscell
aneous cables -roughly $8 9 500000 worth 
of precision test equipment ~ 

Figure 2 illustrates a test setup 
for performing the same function 9 with 
the same accuracy 9 only using a side
band analyzer 9 an inexpensive oscillo
scope and four misce llaneous cables -
total cost of equipment here ~ roughly 
$1 9 150 G 00 ~. (Sideband analyzer - three 
popular models are ava ilable - range in 
price from $950000 to $3 9 500 000 9 with 
a low-cost oscilloscope costing about 
$20QoQQ o) 

The test as performed with the 
sideband analyzer will only take a few 
minutes and 9 if desired 9 can be per-
formed with the modulator mounted in a 
rack o However 9 the point-to- point 
method shown in Figure 1 requires 9 

from start to finish 9 usually a mini
mum of 2 hours 9 and is much more in~ 
volved 9 consisting of ~ (1) removing 
the modulator from the rack 9 (2) re
moving the dust covers 9 (3) clipping 
into certain parts of the circuitry 9 

(4) sweeping the video amplifier ~ 
( 5) sweeping th e RF amplifiers 9 and 
(6) reassembling the modulator and re
installing it in the racko 

Problems are also involved which 
further decrease the desirabil1ty of 
the point-to- point method o The RF 
input coupling is 9 in most cases 9 ex-
tremely critical 9 with improper coup-
ling producing inferior and uncertain 
results o Even when properly performed

9
. 
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the point-to-po~nt method will not assure a quality picture when t he modu
lat or is returned to the systemo 

On the o t her hand , the sideband a nalyzer c hecks the modulator as it 
~ctually operates in the system 9 assur ing a precis e evaluation o Any spur
lous fr equ encies present are seen, a nd the test gives a true evaluation of 
the quali t y of picture the modulator will produceo 

Other r a ther obvious advantages of using the sideband a na lyzer are ~ 

(l) l ess space i s required for test equi pment 9 (2) i t i s ex t r emely simple 
to operate 9 and (3 ) none of t he gr ound- loop pr oblems i nvolved in most 
sweep tech'niques are enc ount red 0 

When us i ng the sideband analyzer 9 an in ternally ge nerated s weep sig
nal i s appl i ed t o the modu-
lator input o Th e RF output 
Of the modulator is connected 
to t he RF input of the side
band analyzero Separate 
horizontal and vertical os
Cilloscope outpu t s are pro
Vided on the side band an
alyzer which are cabled to 
the i r respective os cillo
Scope inputs o Th e sideband 
analyzer is the n t uned for 
maximum vert i cal deflection 
~t the modulatorv s operat 
lng frequency (oper a ting 
Channel) o With power applied 
to the units 9 and c ontrols 
Set f or nor mal oper a ting 9 

the oscilloscope will dis
Play t he ba ndwidth character-
istics of bo t h the v i deo a nd 

TUNE ,r -- ---- -7'-- -i 
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the RF s tages o (See Fi gure 3) Mar kers are provided to establish various 
Pert i nen t points throughou t the vide o bandpass o 

As i nd icated by t he previ ous test s e tup description 9 operation of the 
Side band a nalyzer is re l ative l y simple o However 3 it should be noted that 
Wha t is actua lly occur i ng i s most c omplex in nature o In other words , the 
oper at i on is simple 9 but t he sophisticated c i rcuitr y i nvolve d in generating 
the oscilloscope display requir es more of a n explanat ion o 

The sideband analyzer is es sential l y a c ombi nat i on of two separate 
t est devices ~ a spectrum analyzer and a video sweep generator o The spec
trum a na lyzer sweeps c ontinuously through the bandwidth range of the mod
Ulator under t e s t 9 measuring the sidebands and any spurious emmissions of 
the output signal o Si nce t he sp c trum a nalyze r tracks perfectly with the 
~Weep signal supplied t o t he modulator by th e sweep s ec tion of the side-
and a nalyzer 9· th e oscilloscope will trace t he side band gener ated in the 

modula t oi by the vi de o sweepo (This prec ise t r acki ng function is very 
essential a nd is be s t accomplished with a swept osc illator that is common 
to bot h the spec t rum a na lyzer and the video s weep generator portions of 
th e side band ana lyzero) 
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The basic principle of the device can be compared very closely t o a 
tuneable voltmeter 9 a voltmeter with an input which is sensitive only to a 
specific pre-selected narrow frequency range v The sideband analyzer also 
generates a sweep signal which is applied to the modulator under tes t 9 

which must be precisely synchronous with the frequency of the tuneable 
vo ltmeter input o , 

If the frequency response of the modulator under test is perfect ly 
flat 9 and the frequency sensitive voltmeter is tracking at exactly the fr~ 
quency of the modulator output 9 the oscilloscope trace will be a perfectlY 
flat line o As the outer skirts of the modulator output begin to roll off 
(due to the band-limiting character1stics of the modulator)

9 
the output of 

the tuneable voltmeter will roll off correspondingly
9 

causing a simila r i~ 
dication of roll off to appear on the oscilloscope trace o 

A pulse will appear on the oscilloscope trace at the visual carr ier ~ 
If the aural carrier is on at the point the video sweeps through 4o 5 MHz ~ 
a pulse will also be displayedo Marke s are included which may be us ed to 
define various portions of the bandpasso The markers are applied with the 
v i deo sweep signal to the 1nput of the modulator under test ' and 9 c orres
pondingly 9 show up as pulses on the detected sideband analyzer outputo 
These markers provide an accurate means of determining frequencies on t he 
displayed trace o Markers may also be generated at RF frequencies and mixed 
a t the RF input to the analyzer o This method is generally very unstable 
un l ess crystal controlled ~ however 9 this becomes impractical due t o t he 
great number requiredo RF markers wil l appear at only one point in the 
s pectrum 9 however 9 the video f requency markers appear both above and beloW 
the visual carrier o 

A further understanding of the sideband analyzer can be gained by 
tracing a signal from its video sweep generator section

9 
through the modu

lator under test 9 and back through the spectrum analyzer section t o the 
oscilloscope outputs o 

The video sweep. signal generated by the sideband analyzer star t s at 
8 t o 10 MHz 9 the exact frequency being determined by tpe adjustment of the 
v i deo sweep width o As the signal sweeps from 8 to 10 MHz to zero MHz and 
back to 8 or 10 MHz 9 the tuned input of the spectrum analyzer i s swe e ping 
fr om 8 or 10 MHz below the visual carrier 9 through the carrier

9 
and then to 

8 or 10 MHz above the carrier e 
As the video sweep signa1 lowers to approximately lo25 to lo5 MHz

9 

the response of the modula tor under test should be extremely low; t his iS 
the lower adjacent aural carrier in the spectrum 9 and the sideband is 
attenuated greatly in the modulator o Correspondingly 9 the detected output 
of the sideband analyzer will be very low o As the video sweep signal 
lowers further to o5 MHz 9 which is o5 MHz below the visual carrier~ the 
modulator response should be reasonably high o At the exact time the video 
s weep signal reaches zero MHz 9 the spectrum analyzer section is responding 
to t he visual carrier o 

As the video sweep signa returns to 1 .MHz 9 it amplitudes-modula tes 
th e visual carrier i~ the modulator 9 ~ausing sidebands to occu~ at 1 MHZ 
a bove and below the visual carrier freq~ency o At precisely this time t he 
spectrum analyzer port ion of the sideband analyzer is responding t o 1 MHZ 
above the visual carrier o 
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As the video sweep signal proceeds t o 2 MHz 9 the sidebands also move 
to 2 MHz above a nd below the visual carrier~ and the spectrum analyzer is 
now respond i ng to this frequen Yo If t he modulator response is still 
flat v t he detected output of the sideband analyzer will be identical to 
that of the 1 MHz signal o 

As the vi deo sweep signal proceeds t o 9 for examples 4 o3 MHz 9 where 
the modula t or output should begin to r oll off , the video sweep signal is 
Still modu lating the visual carrier at 4o 3 MHz and t he spectrum analyzer 
is still measuring the amplitude of t he sideband ~ however 9 because the 
modulator outpu t is rolled off 9 the s ide ba nd displaye d on the oscillo
scope will -be down several DB at this point o 

When the vi de o sweep signal rises to 4 o5 MHz 9 and if the aural carr
ier of the modulator is being generated ~ a large pulse will appear on the 
detected output of the sideband analyzero As the swee p signal moves to 
5 MHz 3 if there is no response in t he modulator 9 there will be no sideband, 
and the detected out put of the sideband analyzer will be at zero o 

As t he sweep s ignal proceeds to 6 MHz 9 and for some reason there is a 
Slight rise i n the bandpass characteristics of the modulator , the energy 
level will ris e accordingly 9 and the spec trum analyzer will produce a 
small output wh ich will be presented on the oscillosc ope o 

When the vi deo sweep signal is a t the maximum sweep width selected 
(8 to 10 MHz) 9 t h e s weeping oscillator is blanked out of operation until 
it returns to the s tarting point o 

Obviously 9 very close synchronizat i on is requir ed between the video 

I 
I 

vic 

sweep generator and the spectrum an
alyzer portions of the sideband an
alyzer o The me thods used in accom
Plishing this can be seen in part i n 
Figure 4 9 which i s a block diagram ~~----~• 
Of a typical sideband analyzer 0 •

2
/·

2 

As seen in the diagram 9 the I 
h 125 i 
eart of the device is t he sweep os~ · l 

Cillator o The sweep oscillator de- i 
Via tes above and below its center g:~ Njca 
frequency (usually 120 to 130 MHz) ' 
by the amount of sweep width re- <loMHz I 10 >MHz 
quired (usually 8 t o 10 MHz)o The I',' -
0Utput of th i s s weep oscillator is 
applied to both mixer Noo 1 and the _ 
balanced mixer o ----------------- ---------------~ 

In deve loping the sweep signal, I 
assuming 9 f or example 9 that the : 

! 
~Weep oscillator is at 120 MHz 9 it beats against a fixed 130 MHz signal 
Produced by the beat oscillator 9 resul ting in a 10 MHz output of the 
balance d mixe r o As the sweep oscillator deviates to 130 MHz $ the differ
ence signal is zero MHz9 and as the sweep oscillator continue to 140 MHz 
the differ ence·is again 10 MHzo 

In developing t he spectrum-analyzed output ~ the sweep oscillator is 
applied to mixer Noo 1 9 an untuned mixer 9 where it is beat against the 
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incoming sidebands of the modulator under testo In this case 9 the dif fer
ence output of the two signals becomes the first IF (tuneable IF) of t he 
spectrum analyzero For example 9 Channel 2 9 with the visual carrier in t he · 
neighborhood of 55 MHz 9 would produce a difference signal of 75 MHz · (l30- 55 
= 75)0 This would become the tuneable IF output of the first mixerQ ThiS 
signal would then be applied to mixer Noo 2 9 where it is beat against t he 
output of the fixed tuning oscillator o This is the actual tuning osci l l ator 
which is used to select the desired channelo 

In the case in question ~ the 75 MHz output of mixer Noo 1 must be b e t~ 
erodyned down to a lower IF frequency 9 which is normally in the area of 10 
to 20 MHz o If a 10 MHz IF is used , tn~ beat oscillator must produce a 65 
MHz signal to produce a 10 MHz difference signal 9 which is then applied to 
the next stage 9 a fixed I F amplifiero 

The fixed IF amplifier is a relatively narrow- band device 9 with t he 
bandpass being down about 20 DB at the 100 KC bandwidth points o This 
assures resaoLably good selectivity in viewing the modulator RF output ·pluS 
a ny spurious emissions it might containo 

When the sweep oscillator proceeds to 135 MHz ~ the output of the fi rst 
mixer remains at 75 MHz 9 and the difference between the 135 and 75 MHz i s 
60 MHz o Since the sweep oscillator is now at 135 MHz and is beating with 
the fixed oscillator of 130 MHz in the video swee p portion

9 
the difference 

signal being generated is exactly 5 MHzo The tuneable voltmeter is now 
measuring 60 ·MHz and the modulator is producing a sideband of the visual 
carrier which is approx i mately 55 MHz plus the 5 MHz of video which is a gaiP 
60 MHz o The sweep oscillator continues on out to 138 MHz

9 
or to whatever 

sweepwidth it is set a 
The analyzer is now blanked until the sweep oscillator returns t o 122 

MHz e As the sweep oscillator continues upwards to 125 MHz
9 

the tuned volt~ 
meter is detecting the difference between 75 and 125 MHz ~ or 50 MHz 9 and 
the 125 MHz sweep oscillator beating with the 130 MHz fixed in the video 
s weep portion is once again generating 5 MHzo 

The 5 MHz modulating the visual carrier is causing sidebands 5 MHz 
a bove and 5 MHz below the visual carrier o The lower sideband is 50 MHz s 
the carrier is 55 MHz 9 and the upper sideband is 60 MHzo However s the 
tuned voltmeter is tuned to only one of these, which in this case is t he 
lower sideband (prev iously s it was the upper sideband) 9 so this is t he 
only response that is shown in the detected ~tput of the sideband ana l yzer · 

The previous discuss ion provides a general idea of how the sideba nd 
analyzer works on channel 2 o If a higher channel modulator were testeds 
say 9 for example 9 one wi th a carrier of about 80 MHz ~ the difference be
tween the 130 MHz and the 80 MHz would be 50 MHzo In order to convert t hiS 
50 MHz into a fixed IF of 10 MHz , an oscillator frequency of 40 MHz must be 
generated by the tuning oscillator o Past this point in the circuitry 9 the 
signal would be processed in exactly the same manner as described f or 
channel 2 0 

If a highband modulator were tested 9 say for example one operating on 
180 MHz 9 the difference between the 180 MHz and the 130 MHz would be 50 M8~ · 
I n this case 9 the RF carrier is actually above the 130 MHz sweep oscillator ' 
where on the low channels the RF was below the sweep oscillatoro This 50 
MHz difference is again converted into the 10 MHz IF with a 40 MHz signal 
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generated by the tuning oscillator 9 providing the same tuned oscillator~ 
f requency as generated with the 80 MHz channelo Because of this~ both a 
highband and a lowband modulator should never be simultaneously connected 
to the input of the sideband analyzero 

Another useful feature of the sideband analyzer is that 9 as previously 
stated 9 the device is a tually made up of two sections~ a video sweep por
tion and a spectrum analyzer portiono These can~ if desired 9 be used in
dependentlyo The quality video sweep signal produced may be used as any 
nor mal video sweep generator ~ by simply disregarding the spectrum analyzer 
Portion of the side band analyzer o The same thing applies to the spectrum 
analyzer portion of the device o In other words 9 you might feed a multi
burst or some other test signal or 9 if desired 9 an actual video signal in
to the modulator under test and observe the sidebands generated with the 
spectrum analyzer without using the video sweep section o Therefore s the 
Versatile device actually serves as three useful test devices ~ a sideband 
analyzer 9 a video sweep generator 9 and a spectrum analyzer 9 providing 3 in 
one small package 9 most of the tools required for maintenance of your 
head-end modulators o 

This paper is based primarily on the sideband analyzer manufactured 
by DYNAIR Electronics 9 !nco and ~s similar to the other devices now on the 
market o 

CHAIRMAN TAYLOR ~ Thank you very much Mro Bateso Do we have any ques
t i ons on the sideband analyzer? 

QUESTION ~ Is there a plan to build into the analyzer or equipment 
2 for checking the audio portion of a modulator? 
tl 

MRo BATES ~ I didn°t mean to imply in my talk or to be too specific 
i n referring necessarily to the sideband analyzer that DYNAIR happens to 
be manufacturing o I was trying to keep this general and not get down to 
specifics on our particular unit o To answer your question~ No 3 not at 
t his timeo 

CHAIRMAN TAYLOR ~ Thank Youo Our next speaker 9 Mro Lyle Keys 3 Presi 
dent of TeleMation Incorporated 9 will speak to us on what we may consider 
a dirty word 9 the technical problems of non-duplication o Lyle Keyse 

MRe LYLE Oo KEYS (TELEMATION INCa) ~ Thank Youo Gentlemen , Mro 
Chairman ~ My paper is entitled nnesign Considerations for CATV Non-dupli 
Cation Equipment''o There are copies of this paper on the table at the 
~ear of the room o 

The subject of CATV non- duplication can be ~ivided into four areas~ 
1) requirements for program deletion 
2) choice of substitute programming 
3) method of switching 
4) method of switcher programming 

Non-duplication arrangements are not necessarily limited to the rules 
Set forth in the FCC ~s Second Report and Ordero CATV operators are free 
to negotiate different agreements with protected stations o For example, 
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CHAIRMAN SCHLAFLY ~ I am going to cut that discussion right there~ with 
a little question mark in the airo We are running so short of time that I 
do not want to impose on the good nature and patience of our last speakero 
Thank you 9 Clay 9 and thank you 9 Dro Schenkelo 

The last speaker on the agenda this morning concerns a very interest
ing item of test equipment call d the spectrum analyzero This is a most 
interesting and useful toolo I am anxious to hear more about ito Allen 
Ross 9 who will deliver this paper v is President of Nelson Ross Electronic~ 
Nelson Ross Electronics specializes in Plu·g-In Spectrum Analyzerso Allen 
Ross is a graduate of City College of New York and of Brooklyn Poly-Techo 
He was with Polarad Electronic Corporation before forming NREo He spent 
eight years with them and was in charge of advanced development , pioneering 
the solid state spectrum analyzer o He was the person who first implemented 
the Plug In Spectrum Analyzer concepto Alleno 

MRo ALLEN ROSS (NELSON ROSS ELECTRONICS) ~ I know it is late and we 
are running behind ,· so I will try and cut right to the meat of thiso The 
spectrum analyzer is an instrument that is probably unheard of in this 
particular industryo It is a useful instrument which has been around for 
a long time 9 originating with the esoteric military requirementso The state 
of the art in spectrum analysis has gradually improved to the point where 
it is possible to build spectrum analyzers which cover very wide frequenc y 
bandso There are now a few people making analyzers which permit observa
tion of the entire CATV spectrum -- channels 2 to 13 (including all the FM 
in between) in one sweepo These analyzers will permit very useful advances 
in the systems for testing CATV transmissiono 

Perhaps it might be appropriate for me first to describe what a spec
trum analyzer is and how it operateso I don't know how many people can 
see this blackboard , so I will try and use a minimum of sketcheso We will 
start with a familiar instrument - the field strength metero If we start 
by drawing the block diagram of the most basic field strength meter~ what 
we have would be a signal input which drives a mixer~ which I shall des
ignate "M" 9 provided with a local oscillator signal 11 from a black box 
which I will designate "LO"o The resulting difference frequency drives a 
narrow band fiiter 9 ultimately resulting in a meter readingo Signal F 
plus Delta F comes from the local oscillator producing Delta F at the 
mixer output 9 and depend1ng upon the strength of the input ~ we get a 
meter readinge Anybody who has manually tuned one of these things back 
and forth for a few hours from channel 2 to channel 13 can tell you it 
gets to be a pain in the• neck after awhileo You can make a very goo~ and 
accurate set of readings of the relative levels of all the picture and 
sound and color carriers in the system s but it is time-consuming. It 
would be nice if we had some sort of a system for observing the meter rea~ 
ings on all the channels simultaneously ~ so we didn 9 t have to tuneo This 
is exactly what a spectrum analyzer does for youo 

Suppose we were to replace the meter with the vertical deflection 
system of an · oscilloscopeo This presents no basic problemo When we tune 
through a signal 9 we would see the modulation (as limited by the band 
pass) as a wave form on the oscilloscopeo · 

Suppose v ih addition 9 inste ad of tuning the local oscillator 
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mechanically we somehow were able to tune it electricallyo The oscillo
scope has - driving the horizontal plates - a sweep generator producing a 
repetitive sawtooth o I f we forc e the oscillator frequency to follow the 
sawtooth 9 we get what is called a panoramic display~ In other words ; as 
the spot travels from left t o right across the face of the CRT , the 
field strength meter is tuned across the band of interest o I would like 
t o sketch what the resulting display would beo 

Let us assume 9 first 9 that the wave meter was tuning across one TV 
c h a n nelo You go through the guard band 9 and then when you come to the 
picture carrier 9 you would see a vertical deflection 9 the amplitude of 
wh ich would be proportional to the picture carrier level at the input. 
There are other si.gnals in there 9 but they consist mostly of the video 
modu l atio no These signals 9 surprisingly enough 9 contain very little energy 
a nd d o nut appear until you get to the color carrier which then appears as 
anoth er vertical deflection9 and as you continue 9 finally you will see the 
soun d carriero 

Of course the display of one TV channel is really of no interesto As 
Ken p o inted out earlier 9 anything that is passing channel 2 to 13 is cer
tain ly g o ing to be reasonably flat over any one channelo However 9 there 
are spectrum analyzers available which make it possible to observe all 13 
channels at once 9 and this 9 of course 9 becomes usefulo 

What you see is a flat base line with pairs of pulses wherever ther e 
is a channel being transmitted in your system~ If you are carrying the FM 
b a nd 9 you would see the stat · on carriers in addition to each of the pic
ture and sound carrierso You can observe this at . a glanceu Of course~ a n 
i magi nary line drawn through the tops o f the carriers is the slope of your 
transmission system o 

The advantage of a device like this, o f course ~ is to the speed with 
wh ich equipmen t can be servicedo If there is a question on a pole s you 
can find out in approximately 30 seconds of observing time whether there 
is a pr o blemo Get into the tap on the amplifier with the input to the 
s pectrum a na lyzer and you are looking across the band. You see immediate l y 
all your carriers (present and absence) and y ou see the location s if any

9 

of an y i n terfering signals that might be causing problemso If there is a 
fl atn ess a d justment which has to be made 9 you can make it while observing 
t h e carriers 9 limited only by the reaction time between your hand and your 
eye 9 which means a very fast adjustmento Obvious things 9 like the absence 
of s ignals 9 of course 9 are no problem ; you find out right away . 

There are many side aspects of the use of the sp ctrum analyzer which 
we are still beginning to f~nd out abouto A few people are beginning to 
us e these instruments to service in CATV systemso I was told that in 
Canada 9 wh ere they have one of our analyzers (I think it was in London), 
t h ere was one channel where they had no color 9 where th e y couldn ' t get any 
c o l or, even though they knew darn well that the picture carrier ~ the sound 
c arrier 9 and the color carrier were all present , and they could see it at 
t h e heade ndo This turned out to be a spurious transmission which was 10 
o r 2 0 kc away from the color sub-carrier and was being picke d up at the 
h ead e n do Every time it came on it destroyed the phase information in the 
c o l o r carrier and all the color pictures just disappeared and became black 
a nd whiteo They ouldn~t find this by other means 9 but wh e n they put a 
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spectrum analyzer on it be came immediately obvious& Every time this guy 
went on the air 9 you cou l d see a nic e big spike riseo The solution was a 
question of filteringo Bu t once you know what frequency it is at 9 then 
you know what to do about itc 

We don Qt really know ye t what other things might be done with the 
instrument 9 but we do know9 f or example 9 that there is some problem in 
identifying co- channels f r om o ther areaso The sligh offset from channel 
to channel 9 in the same c hannel in d i fferent areas can be observed on a 
spectrum analyzero If you narr ow down the bandwidth of the filter so that 
you are looking at the sound and the picture carrier of one channel 9 and 
you were picking up a channel from another area at a lower level 9 it would 
be slightly offset 9 and you could tune your system, rotate your antennas 
and make whatever adjustments you find necessary using the spectrum analy
zer as a measuring instrumento This is a much more quantative measure 
than simply judging the wi ndshield wiper effect you see on a CRT of a tele
vision receiver 9 so you can make a much more precise and accurate adjust
mento Of course 9 the obvious uses are the observation of relative levels, 
picture and sound in each channel and the presence or absence of noise as 
IM productso 

It has also been suggested that the spectrum analyzer be used for pr~ 
ventative maintenance o There are times at night when some channels in an 
area go off the air 9 and it is possible to insert a non-modulated carrier 
in place of the picture carriere This I understand is a common practice 
of some placeso Also there are occasionally un-modulate d pilot tones 9 or 
pilot tones with simple modulation which travel down the systemo Now~ if 
your system has IM , the synchronization pulses of channels that are on the 
air~ theoretically 9 should produce IM distortion on the unmodulated pilot 
carriero So if you tune to the unmodulated pilot carrier and it looks pe~ 
fectly clean ~ you have no IM in your system o Of course j it is never going 
to look perfectly clean 9 because no system is perfect & There is going to 
be some level of IM which appears as synch pulse bumps on the di~play and 
they crawl across with the same windshield wiper effect you would get be
tween two stations whose horizontal and vertical frame rates would not 
synchronize with one anothero 

If you know 9 from experience - and you do after a while - what is 
normal for your system 9 you can anticipate failureso If ~ at any particular 
place in your system , you notice that these levels begin to increase, you 
can see that you are beginning to have trouble with something in the sys
tem between the headend and that pointo It gives you a warningo I donut 
think there is any othe~ device around yet which might give you this kind 
of a warning - but a spectrum analyzer willo · 

The plug-in concept was me ntioned o That is a vague general worde I 
think that perhaps I ought to explain what it iso Up until a few years 
ago , all spectrum analyzers were complete instruments & They were quite 
expensive because a spectrum analyzer is a combination of many instruments. 
The local oscillator is a swe eper , which in itself is an expensive instru
mento The receiver portion is a receiver and the rest of it is an oscill
oscopeo You can see 9 you are really buying three instruments 3 each of 
which in its own right ~ is fairly expensive and elaborateo This, of course, 
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has been one of the reasons why spectrum analyzers 9 up until recently, 
have not been in too common useo The plug-in concept helps considerablyo 
There are a great many excellent osci lloscopes on the market which have 
plug-in vertical amplifierso The oscilloscope of course is at least halfs 
if not 2/3 9 of the spectrum analyzero It provides all the power 9 it pro
vides the sawtooth for the sweeper 9 and it provides the CRT display and 
the amplificationo The rest of the analyzer can be built into a package 
which is identical in shape and size with the conventional vertical ampli
fiero Plug this in and you have a spectrum analyzero This is the kind of 
instrument I am talking about~ Plug-ins are currently available for all 
the stahdard Tektronix and Hewlett-Packard oscilloscopes. 

The oscilloscope is unaffected by the insertion of the plug-in& Pull 
it out 9 put your regular amplifier in and you have an oscilloscope againo 
The advantages are obvious. For example 9 with the HP140A oscilloscope 
you can get a time domain reflectometer~ a vertical amplifier with reason
able bandwidth and a spectrum analyzero They all plug in to the same os
cilloscope. So there is a considerable saving in money and you have a 
complete set of equipment capable of making quite sophisticated measure
ments on your cableso 

I have an instrument here. I brought one with me and Hewlett-Packard 
was kind enough to lend me ~n oscilloscope. I have since found out that 
the signal in this area is quite strong. If anybody is interested 9 I will 
be delighted to show them this display after the meeting o Thank you~ 

CHAIRMAN SCHLAFLY ~ Gentlemens I thank you for your attention and 
interest in the papers. I thank the speakers. Thank you very much for 
your attention. 
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accurate measurements are desiredo · When measurements are made utilizing a 
jumper cable v an inline attenuator 9 or t he meter switchable attenuator 
~hould be used to properly terminate thejumper cableo This is extremely 
lmportant when measuring amplifier test points 9 since most test points pre
sent a high source impedance and thus the jumper cable 9 if not properly 
terminated 9 can have multiple reflections 9 with the indicated level depend
ent on the length of the jumper o 

The problem of calibration of the field strength meter has been less
ened with the commercial availability of accurate RF thermocouple transfer 
standards 9 such as the Model 440 Selby Micropotentiometer offered by Ball
antine Laboratorieso These units are inexpensive and can be calibrated by 
either the manufacturer or can be calibrated by the Bureau of Standards 
Calibration Labs to an accuracy of better than ~ 1 db over the VHF rangeo 

To summarize 9 the requirements to measure the performance of modern · 
CATV equipment requires accurate and stable test equipment o Furthermore 9 

test methods and actual laboratory setups should be reviewed to insure 
that problems or improper techniques do not exist 9 whereby the equipment 
to be evaluated is not measured properly o 

CHAIRMAN TAYLOR ~ Thank you very much Mro MacMillan o We have just a 
few minutes to ask questions on test equipment to Mro MacMillan o (No 
questions) 
S . It is of particular pleasure to introduce our 
Wltzer from Lethbridge 9 Albertao We always enjoy 

friends and counterparts attending our convention o 
this afternoon will be time domain reflectometry o 

next speaker 9 Mro Io 
having our Canadian 

Mro Switzer's subject 
Mro Switzero 

l · MR o Io SWITZER (LETHBRIDGE 9 ALBERTA 8 CANADA)~ The RF transmission 
Elnes used in CATV system are important and critical parts of the systemo 
t~Phasis in CATV marketing techniques on quality in pictures delivered to 
hhe subscriber makes it increasingly important that our coaxial cables 
tave the bes t poss ible transmission characteris tics when installed and 
dhat these characteristics should be maintained to a very high standard 
Uring the useful life of the cableo 
. Common CATV system practice for cable testing has progressed from 

~ltnple transmission sweep testing a through "frequency domain reflectometry" 
B0 .the present well accepted practice of use of the Swept RF Impedance 
.rldge for cable testingo The RF bridge provides a very sensitive test 1 

ln the frequency domain ~ for cable imperfections and flaws o 
d Recent developments in the precision oscilioscope field now make time 
t?tnain reflectometry a pract ical and useful tool for CATV system applica-
lon o 

t Reflectometry I shall refer to as the measurement of system charac -
teristics by m asur~ng reflections caused by imperfections o Measuring re
~17ctions as a function of frequency is reflectometry in the frequency do
t~ln ; measuring reflections as a function of time is reflectometry in the 
ltne domain o 

b In general the frequency and tim domains are related mathematically 
Y the Fourier transform 9 and a description in either domain is a complete 
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and suff~cient descript 1on of the system ; which representation is most use~ 
ful depends on the appli-cation of the information o One might say that fre~ 

quency domain information about a cable is most usefu~ .for considerations 
of frequency response and envelope delay o Time domain information is most 
useful for considerations of "ghosts 99 o Strictly speaking 9 frequency doma in 
implies measurement of both amplitude and phaseo Because of instrumenta
tion problems 9 phase is very r arely measured directly and for this reason 
most frequency domain measurements and techniques are 9 strictly speaking 9 

deficient because of lack of phase information o Time doma1n measurements1 
are on the other hand 9 complete since only a plot of waveform versus time 
is requiredo 

By way of example of the correspondence between time and frequency d~ 

main 9 the following example may be cited~ The transmission characteristicS 
of a television system can be determined in the time domain by recording 
the response of the system to a standard pulse of some kindo The output 
pulse may be compared to the input pulse and the characteristics of the 
system determinedo Since television pictures consist of a complex pulse 
train 9 such a description is a very good test of a television systemo How
ever9 if something is wrong with the system 9 it may be difficult to deter
mine what and where the trouble is o The transmission characteristics of 
the system may also be determined by frequency domain testingo The res
ponse of the system may be plotted as plots of both amplitude and phase as 
a function of timeD The amplitude response is the familiar frequency res~ 
ponse curveo The phase plot is not so frequently seen but is an important 
part of the system test o It is not usually drawn because of uncommonness 
of phase instrumentationo Nevertheless 9 phase information is important 9 
particularly for color transmission systems o Frequency domain description 
of the transmission system may in some circumstances be a very valuable 
guide to finding system troubles o Strictly speaking 9 the two tests are 
c ompletely interchangeable 9 and the one used depends on the nature of the 
problems to which it is being appliedo 

In the field of transmission line testing there has been widespread 
application of TOR testing for many yearso The transmission lines 9 how
ever9 were large power transmission lines 9 and the equipment used was not 
applicable to our coaxial cables ~ TOR testing is a kind of radar in 
which a pulse is sent down the line and reflections from imperfections 
are received· and timed to give information on the location of the faulto 
The resolving power and accuracy of TOR systems depends on the "rise time '' 
of the systemo Pulses must have fast rise times and the oscilloscope sys
tems for viewing the reflections must have sufficient response to display 
the rise times of reflections o The development of fast rise time pu~se 
generators and Hsampling mode" oscilloscopes has made application of TOR 
techniques practical for CATV system useo A typical modern TDR instrumen t 
has a system rise time of about 150 picoseconds 9 corresponding to a fre
quency response of 0-2 9 300 MCo 

The Hewlett-Packard Company introduced a TDR system as a plug in for 
their 140A oscilloscope system in 19640 We felt that this would be a verY 
suitable instrument for CATV application and we introduced the use of thiS 
instrument into some of our systems in the summer of 1965 9 being possibly 
the first CATV systems to make practical study of cable and connector 
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systems o A number of cable manufacturing compan1es also took up use of 
the instrument soon after its introduction ~ 

High resolution TDR techn1.ques had been used on a laboratory ·basis 
Since sampling mode oscilloscopes were introduced a few years ago 9 but · the 
H-p instrument made available a simple "black box'Y at a moderate priceo 

The TDR puts out a unit step function with a system rise time of 150 
Picoseconds and at a 1 volt levelo The sampling system is capable of dis
Playing reflections which are 60 db down (Ool%) from the incident pulse 
Withou t overloading the systemo When used for tests on short lengths of 
Cablev the system is capable of very high resolution o We often use the 
TDR system for evaluating competing c onnector systems and fittings and we 
have been able to distinguish the rear part of an AF=201 type connector 
from an F-81 and terminating resistor at the other end of the connector~ 
i 0 e o we can distingu ish the front a nd back parts of a connector about 
1! inches long o 

We use a special version of the H- P instrument called the H0-5 modi
ficat ion which has an extra position on the range scale extending the cal
ibrated range to about 2 9500 feeto 

Since the resolving power 9 and hence the ability of instrument to 
accurately determine the position of a fult depends on cable rise time or 
frequency response 9 there is a considerable loss in resolution in longer 
Cabie lengths because of the rapid loss of high frequency components im
Plied by fast rise times o The frequency domain spectrum associated with 
the unit step function shape of the TDR pulse has high frequency compon
ents which go down at a 6 db per octave rateo If the dynamic range of the 
instrument is considered to be 60 db 9 and since pulses have to go both 
Ways through the cable before they are observed as reflections 9 a 1 9 000 
foot piece of cable may be considered to have a cut off at the frequency 
at Which its two way attenuation is 60 db o For o412 aluminum cable this 
is about 500 Mco This same 1 9000 ° piece of cable has a DC loss (two way) 
Of only 0 5 db o 

Since time and distance in the cable are related by propagation vel-
0City 9 we can use the TDR to deter mine the nature of a fault and its posi
tion o Frequency domain techniques will tell us that there is a problem 
at a certain frequency or band of frequencies 9 but they will not tell us 
Where the problem iso The TDR shows us where the fault is and tells us 
something about the nature of 1.to The prec ision of fault location depends 
on the accuracy of time scale calibration of the instrument and the echo 
~ise time which depends on cable length and high frequency attenuationo 
The basis time scale accuracy on the instrument is 5% 9 but translation 
to distance requires accurate information on propagation velocity o We 
have noticed some variance in cables from published specifications and 
Wherever possible we calibrat the instrument on the actual piece or type 
Of cable being checked by measuring time to a known termination or discon
tinui ty o Th is improves accuracy considerably o 
. In terms of practical application v we have found the TDR most useful 
ln checking new cable during c onstruction o The TDR detec~s any construc
tion flaws 9 such as kinks 9 cracks 9 dents 9 and also checks quality of con
nections .and terminationso We are even able to detect connectors that 
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have been out on by runn~ng and tubi ng cutter righ t t hrough t h e sheath in
stead of crac k ing the sheath t hrough in the approved ma nner o Use of the 
instrume nt has a powerful psychologic al effect Qn c onstruction crews since 
they know t hat every pa,r-t of tbP cable is being 19radar monitored" for qual
ity o The i ns trument should bP used 1n conjunction with a retur n loss 
bridge since it 1s poss1ble t o have small periodic defects which an operator 
might pass by TDR as ac eptable without realizing t hat the ir per iodic spa~ 
ing is add i ng up t o a serious f requenc y domain ef f ect o 

In operating systems we us e the TDR f or c able t r oubleshooting o It ra~ 
idly spot s bad taps v conner tor s a nd texminations o An accur a te tape measure 
is an esse nt i a l accessory o We have found t hat wh e n the TDR points out a 
bad t a p 183 f ee t down the line 9 that is exac tly where it is and we have 
been mi slea d s ever al times by eyeballing d i stances indicate d by the TDR or 
by pacing them out i ns tead of measuring t hemo 

We t c ables v c onnectors and splices are easily detec ted o The moisture 
alters the die l ectric constant of the dielectr i c wh ich change s the charac
terist ic i mpedance of the cab e and hence causes r e f lections which the TDR 
displays o We t s ections a r e p1npointed for dr y i ng ou t or replacement o one 
of our sys t ems more than paid for the c ost of its TDR on this one applica
tion by using it to examine all the c able i n a system that was considered 
due for r e placement i n a n all- band conversion program o Cer tain cable sec~ 
tions were found s till quite serv1ceable and were left in placeo 

Another appl ication is evaluation of c onnectors o we evaluate connec~ 
tors which vendor s offer us and have fou nd for example that there are sig
nificant differences in the match of different ma nufac tur ers versions of 
the s ame connec t or 9 for example the common F- 81 c onnectoro Wh e n we first 
got our TDR we layed out some scrap cable s ec tions with diff erent connec
tors and examine d t hem with the TDR so as t o t rain our t echnicians to rec
ognize the charac ter i stic display from d i f f erent fittings o we then started 
to kink the cable and pound in dents with a hammero we found that the re
turn from a ver y s erious dent (which we would have r ej ec ted by visual in
spection) was no wors e t han t he return fr om the splice connector which we 
would have used to r e pa ir 1t ~ 

Since the TDR principle is d1rect ly r e lated to the situations tha t 
cause ghosts in our system ~ it is a powerful instrument for tracking down 
ghost sources and correcting tbem a One must take care not to over use the 
instrumen t in this k i nd of application o The TDR output pulse has frequencY 
components to 2 9 300 Me and the osc1lloscope system is capable of displaying 
these f r eque nc i es o Normally t he 1nstrume nt should be restricted to broad 
band systems where a fault will cause ubroad band r eflections" which are 
valid reflections a t virtually all frequenc i e s o In comple te CATV systems 
we have componen t s wh ich are good impedance ma t ches in only a comparative lY 
narrow band o f fr~qu encies o For example amplifiers are usually adjusted to 
present a good term1n~tion to an input line at only t he frequencies norm
ally used 9 typi cally 54-200 Mco A perfect l y good amplifier could reflect 
energy in the TDR pulse outs1de these frequenc ies and show up as a bad 
match on the TDR displ ay 9 which inde d i t i s at frequencies outside its 
working band o In suc h cases the TDR frequ ency r esponse s rise time 9 · should 
be restricte d by fil te so We are experimenting with low pass coaxia l 
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f ilters for this applicat1on o Reflections still apparent in this frequency 
limited system are of concerno Their position cannot be accurately deter
mined because of the restricted r1se time of the filtered system, but the 
f ilter can be removed for more accurate determination of location of the 
fault 0 

We are beginning to believe that we may be over emphasizing the im
Portance of some of the cable flaws that we have been detecting and rejec~ 
ing with the TDR because of the great resolving power of the instrumento 
Corrugated sheath cables and d1sc insulated cables are very commonly used 
in CATV systemso We know these to be good cables in our frequency range 
because although the corrugations and discs are strictly speaking impedance 
di scontinuities 9 their dimensions are so small compared to the wave lengths 
We use that they have negl1gible effect on transmission at our frequenc ieso 
l f we had TDR with even greater resolving power than our present instru
ments9 we would be able to distinguish the discontinuities caused by c orru
gated sheath and disc insulatorso If we extend this principle to wave 
l eng ths closer to those we use 9 we realize that the TDR system has frequ ency 
Components ten times greater than our highest frequency of interest~ and 
these high frequency components are showing us flaws that are really qui te 
small compared to our wave lengths and which do not materially contribute 
to t ransmission degrada tiono We are experimentally applying our low pass 
fi lters to such situations to see whether we are indeed being too fussy 
about cable flaws now that w~ have such a powerful cable examination tool. : 
lhe TDR is capable of extreme precision in determining impedance of cables o 
For ordinary cables it is capable of comparing their impedance within Ool 
Ohms o I have said "comparing impedanceYWo Actual impedance cannot be de
termi ned with a standard to compare too Unfortunately there do not appear 
to be any 75 ohm standard transmission lines available o Standard 50 ohm 
sect i ons are available with calibration traceable direct to NBSo Compari
Son of 75 ohm cables to 50 ohm standards would reduce accuracy to about 
~ - 2 ohmso Resistances are difficult to measure at VHF and a 75 ohm term
ination may be considered to be that termination that perfectly termina tes 
a 75 ohm transmission lineo A 75 ohm transmission line can be defined i n 
ter ms of dimensions of inner and outer conductors and characteristic of di
electric but so far we have been unable to obtain accurately constructed 
75 ohm line sections to use as an absolute standard with our TDR systemso 

We buy equipment items with specified VSWR or return loss or charac 
teristic impedance without too much concern about the accuracy of the 
Specification checks o We may run into some problems if we are building 
~Ystems with tight impedance match requirements or specifications in put
tng together items rom different sources which have been checked for im
Pedance match against questionable standardso The situation becomes appar 
ent i n considering specification of cableo A typical aluminum-sheathed 
cable spec calls for impedance of 75 ohms ~ - 2 ohms o This is measured 
Usua lly by a method that giv s he average impedance for a piece of cableo 
add itional specs on frequence domain measurements specify return loss at 
~in imum 25 dbo Again this is an average for the whole length of cable o 
lhe TDR permits checking the imp dance profile along the whole length of 
cableo The imp dance at the end of the cable when it is cut at any 
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particular point may vary from 73 to 77 ohmso It is quite possible that a 
73 ohm end may be spliced to a 77 ohm endv This would give a reflection co' 
efficient of Oa0267 or return loss of 3lo-5 dba Systems requiring better 
match would have to check such splices and select cable reels to give ends 
that match o The TDR when used w1th a suitable 79 ohm impedance standard caP 
check cable impedance profiles with great accuracyo 

Several problems have been encountered in application of the H-P i n
strument to CATVo The H-P TDR was designed for 50 ohm systems and has a 
source impedance of 50 ohmso When used in a 75 ohm systems there is a mi~ 
match which causes some diff1culty due to multiple reflections caused by 
reflection at the mismatch between TDR and 75 ohm cablea H- P have an 
adapter available which consists of a 25 ohm resistor in series with t he 
cablea This back matches the cable since the reflected pulse sees the 25 
ohms in series with the 50 ohm impedance of the TDRa This introduces a 
6 db loss in sensitivity due to voltage divider action on both the i ncident 
and reflected pulses o A resistive minimum loss matching pad can be us ed 
with somewhat higher loss of sensitivityo For precise quantitative measure' 
ments 9 the instrument can be easily recalibrated to compensate for either 
adaptero I personally prefer to use the MLP or no adapter at all

9 
making 

corrections for mult iple reflections according to the formulas in H-P 6 s 
applicat ion manual a 

Some problem has been exper~enced with 60 cycle AC pickup particular!~ 
on cables on joint use poleso This is usally noticed on lines with l ow iW' 
pedance shunts such as resistive terminationso The pickup seems to dis
appear when the line is completely openeda H-P is developing a unit called 
a "humdinger" to alleviate this problema 

We have found the TDRs pa ticularly the version by H-P
9 

to be a reli' 
able 9 very useful instrum~nt for routine use by CATV systems ~ large and 
smallo In the words of one of our system managers - "I don!t know how we 
e ver got along without itno 

CHAIRMAN TAYLOR~ Thank you very much and I want to apologize fi rst 
off for eliminating the punch line at my introductiono Mro Switzer is a 
CATV consulting engineer in Lethbridge and also has been associated c onsi~ 
erably with the famous players in their CATV systems throughout Canadae 

Our next speaker 9 Mro Isaac So Blonder9. Chairman of the Board of 
~!onder-Tongue Laboratories 9 Inca 9 will speak to us on the importance of 
technical training a Mro Blondera 

MR o ISAAC So BLONDER (BLONDER~TONGUE LABORATORIES~ INCo)~ At t he 
back of the room there is a table containing my speech and also another 
paper on CATV technical train1ng that was prepared by Fr.ed Schulz who i s 
in charge of our sales trainingo I was delighted at the opportunity t o be 
able to talk about technical trainingo Iuve done nothing else all my life · 

Technical knowledge may be categorized as having four general divi
s ions : scientist 9 engineers technic1an, craftsmana Technical training iS 
accomplished in these appr0x1mate areas~ universitys technical institu te a 
h i gh school 9 military 9 apprentice

9 
self-study a e 

Measurement standards for the level of technical knowledge achieved at 
virtually non-existent a The CATV operators and indeed every other employer 
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TECHNICAL SESSION - III 
Wednesday Morning, June 29 , 1966 

CHAIRMAN HUBERT Jo SCHLAFLY ~ Gentlemen~ I would like to welcome · you, 
on behalf of the NCTA 9 to the technical program for Wednesday morning. The 
weather has cooperated greatly by being miserable outside, and we are happy 
to have you here with us. I have been looking forward to this session; 
there are many interesting papers that I will be most interested in listen
ing to and perhaps asking questions about. · I think perhaps your presence 
here shows that you have the same type of feeling. 

Because we have a long session this morning with many very prominent 
speakers 9 I would like to get underway pow. The ~irst speaker is Mr. 
Gaylord Rogeness . Mr . Rogeness has a Bachelor of Science and a Master of 
Science degree in electrical engineering from the University of Illinois . 
At Interstate Electronics Corpo in Anaheim~ California, he designed and 
developed equipment on fixed price contract for custom instrumentation and 
telemetering systems~ which were used both in the military and by NASA. In 
a consulting position with Goodyear Aerospace Corporation in Litchfield, 
Arizona » he designed and developed a systems in circuits for airborne re
connaisance mapping radars . One model of the Goodyear Radar Set is pre
sently employed in the RF4C aircraft and is operational in the ·vietnam 
area . In 1965 he joined AMECO. And for the last 3 months has functioned 
as the director of engineering of AMECO Engineering Corporation. Mr. 
Rogeness' paper is on Transient Response Testing of CATV Systems. 

MR. GAYLORD ROGENESS (AMECO ENGINEERING CORPORATION)~ Ideal CATV 
system performance requires that the TV.signal delivered to each subscriber 
be equal in quality to the signal received by the CATV antenna. In order 
to approach ideal performance 9 the CATV equipment must be designed to meet 
certain minimum standards 1 and then it must be tested under operating con
ditions in the field to insure that it is meeting its design goals. 

The intent of this paper is to dis
cuss a test which can supplement the 
number of tests. already being performed 
on CATV systems. Use of a transient 
response test to evaluate system per
formance provides a dynamic test which 
simulates the actual TV picture sig
nals . 1 It provides a more direct means 
to test the phast characteristics of 
the system . It provides an additional 
objective test of system performance 
which augments the final subjective test 
of viewing a TV receiver picture fed by 
CATV equipment . It provides a direct 
means for making critical alignment ad
justments which are difficult to make 
with existing techniques . 

Figure i shows a block diagram of 
alternate TV si~nal transmission paths. 
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The TV picture signals travel either directly over the airways to the home 
receiver , or the TV signals are received by a CATV system and delivered to 
the home receiver via cable . 

Many years of engineering study and design were required to develop 
transmitter and receiver characteristics s within certain tolerances , which 
are complementary . The overall transmission characteristics between tele
~ision scene and home receiver , therefore , allow reproduction of accept
able color and black and white pictures o If no picture degradation is to 
°Ccur , any system placed between transmitter and home receiver ~ such as a 
CATV system 9 must not alter the characteristics of the transmitter-receiver 
Path . 

Cr i tical CATV system performance specifications are listed in Table I. 
The ite ms listed are those which would have the greatest effect on picture 
quality , if they were not within acceptable limits. The specifications 
listed apply to both head end and line equipment . 

Also listed in Table I 9 opposite the performance specifications, are 
the tests usually performed on CATV equipment which guarantee that the 
equipment is in the best possible operating condition. In essence ~ test 
number six checks the sum total of all of the system characteristics. How
ever 9 note that no direct test is made to check the envelope delay response 
Of the equipment ~ A qualitative test of the system envelope delay response 
Can be made through use of the sin2 pulse . 

CRITICAL CATV 
PERFORMANCE SPECS 

1 . Noise Figure 
2 . Linearity 

3 c Amplitude Response 
4 0 Delay Response 
5 . Impedance Match 

TABLE I 

TESTS TO INSURE OPTIMUM 
PERFORMANCE 

1 . Noise Figure and/or S/N Ratio 
2 . Cross Modulation and Spurious 

Signals 
3 . Sweep Amplitude Response 
4 o No Direct Test 
5 ~ VSWR or Return Loss 
6 . Observation of Picture on TV 

Receiver 

The sin2 pulse has been chosen as a test signal for testing television 
t~ansmission systems for a number of reasons . It is described in many 
a~ticles and reports . 

Some of the general considerations given for the choice of the sin2 

P~lse as a test signal are ~ 
l ~ Convenience for practical measurement; 
2 0 Ease of reproducibility , and 

I 
3 . A relatively simple mathematical function that can be used in 

theoretical studies . 
Figure 2 shows the frequency spectrum envelope of a repetitive sin2 

l ~lse and ~quar~ pulse . The repetitive square pulse has the well known 
~ frequency spectrum 3 whereas the frequency spectrum of the sin2 
~ 
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pulse is [ sin xl [ 1 J Not e that most of the energy of the sin2 

x J l-x2/7f2 . 
pulse is contained below twice the f undame nt a l frequency f. 

The sin2 pulse very closely resembles the electrical pulse from a 
television camera corresponding t o a scanned white line. This type of 
pulse has definite advantages as a test signal for the high-frequency end 
of the band. It provides a stringent tes t of the ringing characteristics 
of the transmission path. Any phase a nd delay distortion in the system 
will cause direct asymmetry of the sin2 
pulse about its ordinate through the 
peak amplitude point. Hence, the sin2 
pulse provides a means to evaluate the 
system respo~se. 

The sin 2T-pulse is shown in 
Figure 3 after passing through a sys
tem with an ideal characteristic. The 
2T-pulse has a half · amplitude durati on 
Of 0 e 2 5 JASec and should pass through 
the 4 . 2 me bandwidth TV channels wi t h 
minimum dist~rtion. 

The sin pulse is used most often 
to test the 4.2 me bandwidth TV trans
mission system. The T-pulse has a ha l f 
amplitude duration of O . l25~sec a nd is 
shown in Figure 4 before and after pass 
ing through an ideal system. The 
effects of one type of delay distor t ion 
on the T-pulse response are shown in 
Figure 5. Note that delay distortion 
causes the sin2 pulse to be assymmetri
cal about its ordinate. 

The delay distortion characteris
tic shown in Figure 5 causes ringing on 
the trailing edges of narrow pulses a nd 
after rapid transitions in luminance 
level . In some instances~ the visual 
effects of ringing are similar to t h ose 
produced by reflections caused by im
pedance mismatch. Seriousness of th e 
ringing is measured by the amplitude and 
duration of the "rings". 
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If the frequency axis of Figure 5 were reversed, low frequency com
ponents of the signal would experience greater delay than the high fre
quency components . As a result, i t i s possible to produce echoes or ghosts 
which preced e the desired image. For this condition the T-pulse response 
would have anticipatory undershoots a nd overshoots which precede the main 
pulse. 

One of the most obvious and distur bing effects of delay distortion 
is misregistration of color on the imag~. Color can either precede or 
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follow the desired image , depending 
Upon the overall delay characteristic 

l
of the transmission pulse. 

A block diagram of a test setup 
to check a CATV system is shown in 
Figure 6 0 The sin2 pulse and VITS 
Signal ( to be described later) appear 
to be most useful in testing the CATV 
head end equipment~ Howevers wave
forms can be ch ecked along the ampl i 
fier c ascade to insure that optimum 
transmi s sion is maintainedo The 
effects of noise and crossmodulation 
Prod~cts are more prevalent in the 
repeater amplifier cascadee Phase 
and amplitude distortion in any one 
6 me band are more prevalent in the 
head e nd equipment o 

Two options f or obtaining test 
Signals are noted in Figure 6o One 
test method requires the use of a 
Sin2 generator and a modulator f or 

l each channel to be tested o The s ec 
ond source of test signals is the 
Vertical Interval Test Signals (VI TS ) 
Which are transmitted by the networ ks 
and therefore available off the airo 6 

lhe VITS occur dur ing the vertica l 
blanking intervals o The VITS format 
is shown roughly in Figure 7 for the 
first field o Line 18 of a frame c on
tains a multi - burst signal and Line 
19 contains the sin2 pulseo The VITS 
are used by the three major networks 
and provide a good source of in-ser
Vice waveform monitoring o 

The presence of VIT signals c an 
be seen on any TV receiver by r o l ling 
the picture with the vertical hold 
Controla The VIT signals manifest 
themselves as white dashes and dot s in 
a single line in the vertical b l anking 
a~ea above the top of the pictureo 

System performance can be meas
~~ed by comparing the signals into and 
0Ut of the CATV system on a wavefor m 
~Onitor o Multi-burst and T-pulse wave
forms at the output of a test signal 
~enerator are shown in Figure S o 
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The sin2 T-pulse waveform is displayed 
on a wideband oscilloscope and if 
passed through a band limited system 9 

it would have undershoots and over-
shoots symmetrical with respect to i ts 
ordinate through peak amplitude 
(refer to Figure 4)0 Any assymmetry 
in the T-pulse response indicates 
the presence of delay distortiono Th e 
multi-burst is an effective means to 
check the amplitude response of the 
head end or entire systemo 

At the present time 9 most equip
ment is aligned for a specific ampli-
tude response o The phase and delay 
response which result from the given 
amplitude response is then acceptedo 
It is difficult to optimize the 

FIELD ONE 

VERTICAL-INTERVAL 
TEST SIGNALS (VITS) 

Fig. 7 
phase response of a system by only 
viewing a TV monitor. By monitoring the sin2 T-pulse on a waveform moni
tor 9 it may be possible to make ad just me n t s in the equipment which opti
mize both th~ phase and amplitude response simultaneously . 

The sin T-pulse is an effective test signal . for evaluating the re
sponse of a TV transmission patho It provides a means to evaluate the TV 
signal transmission path through CATV e q u ipment o Properly applied and in
terpreted ~ the sin2 T-pulse can augme n t the numb~r of tests already per
formed on CATV equipment to insure opt imum performance. 

The sin2 pulse is included in t h e VIT signals which are available off 
the air o Other signals included in VI T are also useful in checking CATV 
equipment alignment. 

Fig. 8 
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too great a deterrent 9 and the use of pressure taps in other situations. 

CHAIRMAN SCHLAFLY~ Thank you, Keno Our next speaker is Mr. Edward 
Wuermser of Entron !nco , to speak on UHF to VHF converters for CATV. 

MRo EDWARD WUERMSER (ENTRON !NCo)~ The general public is showing in
creased interest in Ultra High Frequency (UHF) TV programs and, therefore, 
this service must be added to CATV systems. UH~ as transmitted, is at too 
high a frequency to be compatible with present CATV systems because of the 
high cable losses _(Figure 1) and dif-
ficulty in constructing distribution 
system amplifiers for UHF frequen-
cies . In addition , all present CATV 
systems would be obsolete 9 since by 
present system standards for ampli
fier spacing , the number of ampli
fiers required would be increased two 
and one - half timeso Also s the view
ing audience would be limited since a 
majority of existing TV sets do not 
have all-channel capability; i.eo» 
channel 2 through channel 83& There
fore » conversion to the present VHF 
frequency band is required. 

There are many UHF to VHF con
verters available for home TVs , but 
these are unacceptable for CATV head
end use because of high noise figures 
and frequency drifto Breaking a typ
ical converter into functional blocks 
(Figure 2) one finds at the input , a 
tunable filter which ~ in turn , feeds 
a diode mixero The converting local 
oscillator or (LO) is tunable so that 
the unit will tune over the entire 
UHF spectrumo The output of the mixer 
is fed to a filter to reject the un
wanted signalso In some cases VHF 
amplification is providedo There are 
variations using a transistor mixer or 
using one transistor as a mixer-oscill
atoro 
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Considering the noise figure of this type of converter, most of the 
diodes used .. for mixing have published noise figures of 14 db to 16 db, with 
conversion losses in excess of 6 db. Using a 7 db noise figure for the 
amplifier following the converter~ gives an overall noise figure at the 
head- end of i6ol db. See Table I. 
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TABLE I 

Noise Figure Improvement Due to UHF PreAmplifier 

Configuration 
F (db) 
s (db) 
N 

Mixer 
16ol 
43 

Mixer + 
UHF CABLE Loss 

24.5 
3507 

10 db UHF Amp 
+ Mixer 

The signal to noise ratio at the antenna with 1 mV of signal available 
across 75 ohms and a noise bandwidth of 4 MHz is 59o2 dbo This is the 
maximum signal to noise ratio possible since it contains only the noise 
genera ted by the antenna source impedanceo Any active device~ amplifier 
or converter ~ after the antenna adds noise ; thereby 9 decreases the signal 
to noise ratio o Referring to the example with a 1601 db noise figure , 
the S / N = 43 db ) which is below the recommended 50 db for bead-end equip
manto 

The previous example did not take into consideration the UHF cable loss 
from antenna to conver ter o Applying a typical case 9 we will use channel 
36 3 602 MHZ 9 and a 300 ft. run of 1/2" cable having 8o4 db attenuation. 
The added cable loss causes an increase in noise figure to 24o5 db and a 
decrease in signal to noise ratio to 35.7 dbo This is below the design 
goal of a 40 db signal to noise ratio at the end of the systemo 

Consider now the above mixer preceded by a UHF amplifier and mixer 
mounted at the antenna 9 thereby deleting the 8.4 db cable loss. This pro
duces an overall noise figure of 8.1 db and a signal to noise ratio of 
51.1 db, which is better than the 50 db minimum for optimum system design e 
This gives a positive indication of the benefits of UHF amplification be
fore conversiono 

Next , cotisider the frequency drift of the inexpensive converters. Most 
tunable oscillators have long term stability of no better than ~ . 1%. When 
a conversion from channel 83 to channel 2 is made j the LO frequency re
quired is 830 MHz o Therefore , the variation could be +830 KHz and ·his 
variation in LO freque ncy is transferred to the VHF signal. To receive 
the picture properly , the individual TV set local oscillator would have to 
be changed in frequency with the fine tuning control. Interference is 
caused by the converted adjacent channels now being displaced from their 
normal IF frequencies and the traps for the picture and sound of the adja
cent channels are no longer at the right frequency thus allowing these 
signals to pass through the IF and cause a low frequency beat with the 
video signalo The variation in frequency is acceptable for an individual 
set ~or which the c onverter was designed since all VHF signals are blocked 
out by the converter when in use and , therefore 9 there would be no adja
cent channel to cause interferenceo 

By using a crystal controlled oscillator and multiplying the .crystal 
frequency up to the required LO s one can achieve a stability of +.005%. 
Using the same LO frequency as in the previous example ~ +.005% of 830 MHz 
is +41 KHzo This slight variation is not great enough to move the adja
cent channel carrier out of the traps and cause interference o 
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Now that the inadequencies of TV 
set converters and some of the reme-
dies have been described ~ let us in
vestigate the requirements of a con
verter for CATV use and discuss each 
block in the diagram (Figure 3) $ The 
portion within the dotted line will 
be discussed first. 

The UHF amplifier can be designed 
using either tubes or transistors. 
Present day tubes~ ceramic planar 

,---------------------l 
I I 
I I 
I I 
l I 
I OUTPUT I 
I I 
I UHF VHF I 
I PRE AlrAP. MIXER POST AMP I 

L-----------------------~ 
FIG.3 

triodes ~ can produce 16 db to 20 db gain with noise figures of 7 db to 9 db 
across the UHF bando The main disadvantages are high power consumption, 
the need for 2 to 3 separate supply voltages and the limited life due to 
the decrease in cathode emission. 

Transistors 9 on the other hand~ have lower gain, 6 db to 10 db, but 
also lower noise figures , 3 db to 6 db. The benefits are that only one 
supply voltage is required and there is no deteriation in performance with 
aging of the device . The shortcomings are temperature sensitivity, very 
little isolation between the input and output, and emitter peaking is re
quired to obtain usable gain ~ 

The next block is the mixer. Just as non-linearities in amplifiers 
cause the generation of frequency components other than those injected at 
the input 9 so will any active device 9 when operated non-linearly, generate 
frequencies other than those supplied to it. If two frequencies are in
jected at the input, the output will contain the two original frequencies; 
the sum and difference frequencies; harmonics of the frequencies, and all 
combinations of the sum and difference of the harmonics. A CATV converter 
uses the difference frequency f1-f2, where f1 is the UHF signal and f 2 is 
the LO., 

Conversion of the signal frequency with the lowest possible noise fi~ 
ure is the primary function of the mixer with the least loss possible. The 
LO ~ in many cases ~ is close in frequency to the UHF signal, therefore, care 
must be taken to avoid absorption of signal power by the LO source since 
this will decrease the available input power. Consequently, loose coupling 
of the LO source to the mixer is necessary, causing a loss of LO power~ 

The LO power delivered to the mixer diode should be greater than the 
signal power so that the conversion loss is determined by the LO level and 
not the signal level. There is a maximum limit for the LO power level de
livered to the diode sine~ as LO power is increased, the noise generated 
~n the diode increases (Figure 4)~ Therefore, a trade off between high LO 
power for minimum conversion loss and low LO power for minimum noise gene~ 
ated is necessaryo One other factor to consider is the change in conver
sion loss versus a change in LO power. As shown in figure 4, the conver
sion loss decreases with increasing LO power until it reaches saturation 
and then leve~s off. Operating above the knee of the curve has the advan
tage in that small variation in LO power level will not appreciably affect 
the conversiqn loss. 

Next, we wi~l consider the local oscillator block. As was described 
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earlier 1 an oscillator operating at 
the LO frequency has one serious draw
back o It does not have the stability 
required for a CATV converter there
fore a crystal oscillator-multiplier 
must be used o Owing to the high 
level required for Class C multipli
cation and the poor isolation of 
transistors, the final output of the 
multiplier string will contain spur
ious outputs which are multiples of 
the crystal frequency$ Extensive 
filtering and use of overtone oscill
ators will decrease the level and the 
number of these spurious~ One point 
to emphasize is the fact that the LO 
level at some points in the oscilla
tor -multiplier may be one volt while 
at the mixer the signal level is only 
one mV o This is a 60 db difference 
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and adding to this the requirement that spurious responses in the band be 
down at least 50 db from signal gives a required 110 db rejection between 
Various points in the circuit o This virtually predicates the need for the 
crystal frequency to be chosen such that no multi~les of the crystal fre
quency will fall in the output band . Since crystal activity and conse
quently oscillator output power decreases with increasing order of over
tone, overtone crystals greater than the 7th overtone are not generally 
Used ~ The choice of crystal frequency is therefore a compromise between 
the closeness of spurious frequencies and the activity of overtone crystals o 

The benefits of locating the UHF preamplifier and mixer at the antenna 
have already been shown o Next for consideration is the location of the 
Oscillator-multiplier. Locating it in the head-end has benefits in that 
the design is less rigorous and less expensive parts may be used since the 
temperature variations in the building are not as severe as at the antenna 
ln addition, should maintenanc e be required it would be much easier There 
are several undesirable features; these being J the need for two cables in 
terconnecting the LO and mixer, or for the single cable operation , the 
need of diplexers to separate signal and LO at each end of the cable o For · 
1ow VHF band conversion this is no great problem since the LO frequency is 
We11 removed from the signal frequency; i oe o, for channel 14 to channel 6 
~onversion, the LO is 388 MHz while the signal is at 88 MHz o Isolation of 
these two frequencies would not be too difficulto But when one considers 
a conversion of channel 14 to channel 13 with t~e need for a 260 MHz LO 
and signal frequency of 216 MHz , it is quite evident that the diplexer will 
necessarily be complex or impossible to realize .. 

Another factor is the cable loss from head end to antenna . To main
tain the proper LO power level at the mixer , the LO power at the head-end 
Would have to be increased to compensate for this loss . Increasing the 
~ower at the head-end compounds the problem of radiating the multiples of 
the crystal frequency into other head-end equipment and causing interference 
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on other channels. 
An alternative is to generate 1/2 or 1/3 of the LO frequency at the 

head-end and complete the multiplication at the mixer to decrease cable 
loss . This is beset with the problem of amplifying the sub LO · frequency 
at the antenna to compensate for cable loss before multiplyingo Rather 
than have a separate multiplier one could use the mixer diode for the ne~ 
essary multiplication . With this method the conversion loss increases and 
correspondingly the noise figure. Also the spurious and image problems 
are increased since the signal has several - high level frequencies to mis 
with . 

An alternative is to locate the oscillator-multiplier with the UHF 
preamplifier and mixer . The benefits are the need of only one cable be
tween the head-end and converter , no radiation problems and no complex d~ 
plexer o Since the oscillator-multiplier will be exposed to greater vari~ 
tions in temperature 9 more care in design and choice of components will be 
required ~ Frequency stability will still be +.005% since the crystal de
termines the frequency . 

The next block in Figure 4 is the mixer output filter, which must r~ 
ject the UHF signal, the LO frequency and all spurious-signals in the VHF 
output band while passing the required VHF signal with minimum loss. In 
addition ~ its input impedance must be matched to the mixer at the VHF fr~ 
quency and its output impedance matched to the line or input impedance of 
the post amplifier. The filter input should also exhibit a .low impedance 
to the UHF signal and L0 1 if a series mixer is used, and a high impedance 
if a shunt mixer is used . Generally, the frequencies generated in the 
mixer are sufficiently removed from the desired signal and simple filter
ing will prove adequate ~ except when the second harmonic of the LO minus 
the signal falls in the desired band, 2FLo-fuHF=fvHF~ This is impossible 
to prevent and therefore , these conversions must be avoided. See Table 2. 

TABLE 2 
List of Impossible and Undesired UHF Conversions 

Undesired Impossible Undesired 
1 2 1 

From ch. 22 23 , 24 25 to ch. 
From ch . 25 26 , 27 28 to ch. 
From ch . 28 29 , 30 31 to ch .. 
From ch . 31 32 , 37 34 to ch. 
From ch . 34 35 , 36 37 to ch. 
From ch o 37 38,39 40 to ch .. 
From ch . 40 41 ~ 42 43 to ch . 

1- Undesired because of image frequency on adjacent channel 
2- Impossible because of imag e frequency on same channel 

7 
8 
9 
10 
11 
12 
13 

Continuing through the block diagram, we come to the last block 
which is the . VHF Post Amplifier. The need for this is ~ased on maintain~ 
ing the establi$hed noise figure of the converter. Since some antenna 
towers are quite high·, consideration of cable loss at VHF must still be 
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taken into cons i deration& If a VHF post amplifier were not used 9 the 
mixer would drive the cable and th e cable loss would be added directly to 
the conversion losse Citing the example used previously ~ UHF amplifier 
gain 10 db with a noise figure of 4 db ~ mixer gain - 6 db with a noise 
figure of 14 db , and a 600 ft o cable run ; we have an overall noise figure 
of 1203 db and a signal to noise ratio of 46o9db ~ see Table 30 

TABLE 3 
Noise Figure Improvement Due to Post 

Configuration 
F ( db) -
s ( db) 
N 

10 db UHF Amp 
? Mixer 

UHF Amp ~ Mixer 
~ VHF Cable Loss 

12o3 
46o9 

Ampl ifier 
UHF Amp + Mixer 

~ Post Amp 
~ Cable Loss 

809 
50 03 

This is an increase in noise figure of 4 o2 db over th e Sol db foun d pre
viously when the VHF cable loss was not includede Addition of a 10 db 
gain , 7 db noise figure post amplifier results in an overall noise figure 
of 8 o9 db which is only a 0.8 db increase and a signal to noise ratio of 
50.3 db e Further improvement in noise figure could be obtained by either 
increasing the UHF preamplifier gain or decreasing the post amp noise fig-
ureo 

In many areas there are UHF stations separated by only two to four 
channels& Closely spaced channels can produce interference when they mix 
with multiples of the crystal frequency& Also ~ the received power level 
of undesired channels may be great enough to overdrive the UHF preampli
fier. To alleviate this condition 9 a highly selective filter is necessary. 

The requirements for such a device are , first of all , a low insertion 
loss, since the loss can be considered as adding directly to the noise 
figure . The bandpass should be wide enough to pass the desired channel but 
with approximat e ly 20 db rejection 6 MHz to either side of the bandpass. 
The extremely narrow bandwidth and high close-in rejection predicates a 
high insertion lasso Consequently 9 a compromise must be made between low 
insertion loss and selectivity . 

There are many basic types of filters 9 some of these being lumped 
constant » helical resonator , tuned line ~ cavity and strip line o Lumped 
constants can not be used since the frequency is too high for effective 
use . The helica l resonator degenerates to the equivalence of a tuned 
line due to the high Q requiredo Strip line techniques cannot be used to 
full advantage since the frequency involved is too low & This leaves the 
tuned line and cavity .as the most likely candidates for filter construc 
tion at VHF o 

CHAIRMAN SCHLAFLY ~ Thank you very much 9 Edo The Jerrold Handbook 
is available at the back of the room& 

The next paper will be delivered by Clay Mahronice The title of the 
paper is 9 HEffects of Cable Length and Attenuation on Structural Return 
Loss." Mro Mahr onic graduated from t h e Illinois Institute o f Technology 
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