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Storline 20l300 dislribution syslems combine superior
performonce wilh timely engineering innovotions.

ADAPIIVE POWCR CONTROT provides continuous
power lo CATV dislri-
bul ion ompl i f iers for
interuplion-free service
'lo subscribers by ou'lo-
mo'ticolly odopting to,
ond compensoling for,
overvolloges ond lron-
s ients j  o lso prolects
power suppl ies ond
omplifiers from domoge

ond subslonl io l ly  reduces cosl ly  moinlenonce
Potent pending.

THE OUAD, o convenienl lC, combines
the reliobilitv ond performonce bene-
fils of lcs with unprecedenled versolil
ity. For new systems. lypicol noise figure
is 8 db wilh nominol 30-chonnel ouiput
of 48 dBmV per chonnel. For difficull
drop-in rebuilds, lhe quod will provide
-on o cuslomJoilored bosis-up lo
28 db minimum full goin.
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RFI SlllElDlNG: All modules, oclive ond
possive, hove been designed lo insure
more lhon odequote shielding. Wilh
Jenold's Intro-ShieldrM connectors, sig-
nol ingress/egress is suppressed ol oll
housing porls ond coble interfoces.

REDUCED OPERATING & MAINIENANCT
EXPENSES: Thermol compensolion of
monuol stotions reduces number of
slope-ond-goin slolions required, while
insuring complele syslem stobility. Video-
controlled regulotion of syslem ollows
intermixing single-ended ond push-pull
equipment, eliminoting need for pilol
coriers in extensions ond rebuilds. Two-
woy connector chossis provides simple

upgrodeobility vio plug-in fillers ond relurn modules.
With new high-performonce SLR-series line exlenders,
syslem performonce ond efficiency ore unmotched;
ond lhe number of oclive eleclronic components
required per mile ore reduced subslontiolly.

lT AII ADDS UP TO SUPERIOR PERFORMANCE... For
new CAry syslems: Conlocl your mon from Jenold lo
discuss Storline 20l300's superior specificotions; o furn-
key instollolion; even finoncing. Plonning on exten-
sion? Conlocl your mon from Jenold for the eosiest,
most economicol solutions to your system-exponsion
requirements. Foced wilh o difficull sysfem-rebuild
chollenge? Your mon from Jenold will help you explore
the cuslomjoilored solulions inherenl
in our Siorline 201300 design.
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RMS CA.1122V4, IN A CTASS BY ITSETF!
That's r ight, a mult i-purpose variable attenuator as accurate as i ts big brothers at a fract ion of the cost.

1. By means of  two swi tches,  the fo l lowing eight
at tenuat ion levels can be selected:  0 db,  3 db,

6  db ,  9  db ,  12  db ,  15  db ,  - 18  db ,  and
24 db.  A permanent easy to read chart  pr inted

on the face of  the uni t ,  helps you make value
select ions quickly and accurately.

2 ' .The CA-I IzzVA features a VHF UHF frequency
range f rom DC to 900 lv lHz.  Laboratory accuracy is
obtained at  each db value at  t  0.5 db (DC-
300 lv lHz) and r  1.0 db (300-900 MHz).  The uni t
has a maximum average power passing capabi l i ty
of  0.5 W.

3.  The extremely accurate test  device is  housed in an
aluminum die-cast  sta in less steel  housing.  lVost
def in i te ly,  designed wi th the technic ian in mind,
each CA-1122VA comes wi th soecia l  oush-on
con nectors,

RMScATV DrrrrsroN

dehbc.o
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50 Ant in Place.  Bronx.  N.Y.  10462. Cal l  Col lect  (2I2)  892-7OOO. Canadian Representat ives:  Deskin Sales Corp.
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1.314-32 rotating coupling nut.

2. Outer housing hex crimp are.

3. Cable strain relief crimp.

4. Inner R.F.l, sleeve.

5. Cable foil under R-F.1. sleeve.

6. Cable braid over R.F-l- sleve.

7, Envircnmental saling area.

One size 56 tits all RGU 56

One size 59 fits all RGU 59

t
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MOORE,  P res iden t  o f  CATA ,  lNC .

HUNG

I f  there is  any s ingular  problem which
traces back to the ear l iest  CATV systems in
Pennsylvania and Oregon, i t  is  the pole-
at tachment problem. Ear ly p ioneer Ed Par-
sons of  Astor ia,  Oregon, inaugerated his
CATV system serv ice on Thanksgiv ing Day,
1948. To cross streets in Astor ia.  wi thout  a
permit ,  p ioneer Parsons set  up a smal l  yagi
antenna on one s ide of  the street ,  fed f rom his
tapped t runk l ine,  and "squir ted s ignal"
ac ross  t he  s t r cc t  Lo  a  compan ion  rece i v i ng
yagi  that  fed into a p iece of  cablc that  served
the next  b lock.  To make his way along each
block,  Parsons at tached to t recs,  backyard
fences and housc eaves.  Thus Parsons in 1948.
aware that  the te lephone ut i l i ty  owncd the
poles,  and the town owncd the strccts,  avoided
both thc ut i l i t ies and the town fathcrs.  L i fe
is not  that  s imple anymore.

Part  of  th is industry is  wooing the FCC
to "assert  jur isdict ion" over CATV/ut i l i ty
company pole at tachment contracts.  This part
of  our industry wants uni form, nat ional  polc
attachment formulae, which would lead to
uni form pr incipals of  determining at tachment
rate bases,  and seemingly,  uni form nat ional
po le  a t t achmen(  r aLcs .  W i t h  t hc  FCC i nvo l ved
in the " jur isdict ional  administrat ion" of  such
"uni form contracts"  the feel ing is  that  every-
one would stay honest .  To his credi t ,  FCO-
Chairman Richard E.  Wi ley has again and
again asked that  the two s ides (NCTA, speak-
ing they say for  the CATV industry,  and,
AT&T speaking for  i ts  af f i l ia ted companies)
go back to the bargaining table.

AT&T wants no part  of  FCC " jur isdict ion

assert ion."  They also probably want no part
of  cable,  but  they are too far  a long now to
simply k ick us of f  their  poles.

The history of  FCC involvement in cable is
resplendent wi th examples of  the FCC mouth-
ing "an inch" and "swal lowing a mi le."  And
our fear is  that  i f  they assert  pole jur isdict ion,
and i t  s t icks af ter  the sur€ court- test .  that
th is industry wi l l  long wish we had never
asked for  their  "help"  in the f i rs t  p lace.

A national uniform pole attachment rate is
inherent ly  unfai r ;  to someone, someplace.  I f

4

pole attachments go for $2.00 each in Oregon
and $6.00 each in Flor ida.  and the nat ional
uni form rate becomes $4.00,  Oregon operators
are mad and Flor ida operators are happy.  I f
poles cost  less to purchase,  cost  less to insta l l ,
and last  longer (  wi th longer depreciat ion term )
in Oregon than in Flor ida,  the Flor ida operator
goes into business expect ing to have higher
pole-at tachment rates.  But  a nat ional ,  FCC
administered pole rate base becomes a subsidy
for  Flor ida operators ( in our example,  we
choose Flor ida only for  i l lustrat ion).  They
win,  Oregon loses.

To our point  of  v iew, we as an industry have
no business t ry ing to nat ional ize poles.  Sure,
th is industry could produce hundreds of
speci f ic  examples of  ut i l i ty  company heavy-
handedness.  Many ut i l i t ies have gone out  of
their  way to keep us st i r red up,  and they give
us gr ief  dai ly .  And even i f  th is gr ief  or ig inates
in one master corporate planning center ,  are
we really better off trading possible relaxation
of  that  gr ief  for  FCC administrat ion and na-
t ional  pole rates that  end up being subsid ies?

Si t t ing down wi th AT&1'  is  probably con-
struct ive.  But  i t  should be done on a state (or ,
at  largest ,  a regional)  basis.  In that  way we
talk about pole costs that  re late to that  area,
problems that relate to that specified region,
and we set t le on rates that  ref lect  the state or
regional  costs involved.  And most important
of  a l l ,  we avoid the FCC's needless meddl ing.
Something that  Chairman Wi ley himsel f
shows every indicat ion he wishes to avoid.

And what about power companies? Ken-
tucky CATV operators may have the answer
to that  one.  They have obtained a ru l ing f rom
their  state At torney General  which says that
Kentucky municipalities have the legal right
to inst i tute and fo l low through on condemna-
t ion proceedings for  ut i l i ty  poles in that  state.
After condemning the poles, the Kentucky
munic ipal i t ies would purchase the poles in
their  towns,  and then re- let  space ( i .e.  rent  i t )
back to the power, telephone and CATV
companies.  This has the at t ract ion of  keeping
pole rate negot iat ions on the local  level .

We think Ed Parsons would have liked
that idea.

CATJ for



WHATWILL
sl250.00
BUY?

* A  R o b i n s o n  E n g i n e e r i n g ,  I n c .
Weather  Mon i to r  fo r  loca l  0 r ig ina t i0n
weather  rep0r t ing

*A R ichey  Deve lopment  Company
Modu la to r  to  pu t  the  weather  ma-
c h i n e  o n  t h e  V H F  c h a n n e l  o f  y o u r
c n 0 t c e

.A R ichey  Deve lopment  Company Co l -
o r -Adder  (makes a  b lack  and wh i te
c h a n n e l  r e d ,  b l a c k  a n d  w h i t e ! )

THAT'S WHAT YOU GET
F 0 R  $ 1 2 5 0 . 0 0 ! ! !

R I C H E Y  D E V E L O P M E N T  C ( ) M P A N Y
7 2 5 0  W .  R e n o ,  R t .  5  /  0 k l a h o m a  C i t y ,
0k .  73108 405 /  787-5086

Glen Shafer
General  Manager,
1 3-years Manager
Western Regional
Technical  Operat ions
for  Jerrold

Joe  E .  Ha le
President ,

1 6-years in
CATV engineer-

ing, veteran
System Operator

Cable Dynamics Incorporated now offers
rap id ,  h igh  qua l i t y ,  low cos t  Repa i r  Serv ices
for :

r  H E A D E N D  E O U I P M E N T
r  CATV DISTRIBUTION

E O U I P M E N T
I  C O N V E R T E R  R E F U R B I S H I N G

I  MATV EOUIPMENT
r  S I G N A L  L E V E L  M E T E R S

Manufacturers, MSO's, I  ndependent
Operators .  .  .  save t ime, save money, save
aggravation. Put CDI SERVICES on your
technical support team! Write or cal l
todaV for complete information.

A Division of
CAELE DYNAMICS
'NCORPONATED

501 Forbes Blvd., South San Francisco,
Cali fornia 94080. Phone {415) 873-2906

rN sT0ct ( ! . . .
JERROLD

RI.PI AI]EN4IN T COfolPONENTS

T R A N  S  I  S T O R S

1 3 0  I  0 4
t 3 0  | 2
t  30 17.1
r  3 0  r : 5
1 3 0  l i l { ,
1 3 0  t 3 t l
1 3 0  I  5 0  0 l
r 3 0  I  5 2
r 3 0  t c l
1 3 0  1 9 9  0 l
130 ?) '
I  3 0  2 4 0
l 3 { )  2 L i 1  2 5
1 : t o  2 $ 1  t 5
r 3 0  2 0 t  1 6
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ALL  B ,F .  COMPONENTS 1 ( ) ( )%  R ,F .  TESTED.
C(]MPLETE STOCK ()F HIGH BELIABILITY Ct)MPt)NENTS
F()R ALL MAKES OF CATV EOUIPMENT.
IMMEDIATE  DEL IVERY.
CALL COLLECT ( ]R WBITE FOR COMPLEIE CATALOG,

dm:,

CAPAC IT() B S
1 ?  I  t ) t t - i
1? I  101)
1 ) t  l 1 ( :
12 I  1l l \ t
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T A K E  P A R K  F L O B I O A  3 3 4 0 3
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T E L E X : 5 1 3 . 4 6 3
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In Lightning Vulnerable South Florida. .  .
"We wouldn ' t  be wi thout  the Min i -Mizet .  .  . , ,

So says l \ i l r .  Wal ter  0.  Welch,  of  South Flor ida Cable Televis ion,  Boni ta Spr ings.  "The U.S. Weather Bureau charts says we
have up to 80 days 0f  thunderstorms per year here.  What that  doesn' t  te l l  y0u is  that  we of ten get  h i t two 0r  three t imes in ;  day,
and then again at  n ight  for  good measurel"  notes Welch.  "We have instal led the Brown Electronics lv l in i -Mizer on al l  of  our
equipment,  f rom the Weather Channel  t0 0ur complete headend and al l  of  0ur p lant  power suppl ies.  No, the Mini- l \4 izer does not
cure al l  0f  our problems, but  we leel  i t  has cut  our d i f f icul t ies wi th l iqhtning and power company swi tching surges by no less
lhan 50%. 0ne of  our Mini - l \4 izers in our headend has recorded 143 zurges in just  s ix months;  th i t  is  143 tuses we djd not  have
to replace,  1 43 t r ips we did n0t  have to make to the headend, and possib ly a hal l  dozen power supply fa i lures we did not  have to
reoa i r . ' '

Mini-Mizer has a ful l  one year guarantee. l t  is a patented
approach to shunting surges 01f before fuses blow or equip-
ment is damaged. There are several models, to handle virtual-
ly any CATV power load; and for indoor or ouldoor mountinq
Available for l20 VAC and 240 VAC circuits. you need io
know more about Mini-Mizer loday!

BROWN ELECTRONICS
Artemus Road, Barbourvi l le, KenlucKy 40906
(606)  546-5231

CANTILEVER MOUNTS?
So whol 's new !

e've been doing it for yeors !

Af 
Writa For Latast Litercturc

D|TCO aa*a
10330  N .  E .  MARX ST .  o
PORTLAND, OREGON 97220

P. O. BOX 20456
Telephone 503-253-2000
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For As Little As $50.00

WOULDYOUBETIEVE
A LOW COST SPECTRUM
ANALYZER FOR CATV?

Lout Cost S/A For AII Peonl.e

I

The advantages of having access to a
spectrum-analyzer-Lype display for
regular CATV system work, or critical
analysis of system desired and unde-
sired signals are well known by all sys-
tem personnel. Unfortunately, the cost
factor for even a moderate-grade spec-
trum analyzer puts you into the four-
figure numbers just for openers.

On the other hand, if you already
haue a suitable signal-level meter (vir-
tually any CATV meter with a video-
output jack will suffice), a DC-coupled
scope, and approximately $50 for a Jer-
rold RSC-3 set-top converter and the
parts required to construct your own
adapter box (a sawtooth generator),
Aou cul haue a spectram analyzer Lhat
will get extremely satisfactory service
for everyday system shop or headend
work.

The Jerrold RSC-3 converter was
chosen because of its ready availabili-
ty; however, with minor modifications,
virtually any set-top converter that
employs varactor tuning diodes can be
employed. The varactor is a very clev-
er little device, because its capacitance
changes with operating voltage. In the

by
Jerry Laufer
Engineering Manager
Gill Cable, Inc.
1302 N. Fourth Street
San Jose, California 95112

J U L Y , 1 9 7 5

language of solid,state-device design-
ers, the varactor is a reverse-biased
PN iunction diode that decreases its
capacitive value as you increase the
reverse bias (voltage). In any set-top
converter that util izes varactor tuning,
the channel selector changes the biis
voltage each time you push a new
channel selector button, therebv
changing the capacity of the diode,
which changes the tuning of the tuned
circuit that determines the channel
You select.

If you could push the buttons on the
RSC 3 fast enough, you could "su)eep"
the converter through the low-band,
mid-band, high band, and super-band
range. Naturally even the most nim-
ble-fingered amongst us cannot push
the buttons that fast, but we can ac-
complish the same thing by applying a
T'amp uoltaqe (sawtooth) to the varac-
tor. 'Ihen if this ramp voltage is also
applied to the horizontal-input jack of a
(DC) scope, and the detected output of
the converter is applied to the (DC)
scope vertical jack, a spectrum analy-
zer is the result!

Please refer to Diagram 1. The sig-
nal under test is applied to the input to
the converter through a 1 dB step
switchable attenuator. The addition of
the attenuator allows you to make ac-
curate measurements and to calibrate
the display in precise attenuation
steps. The output of the RSC-3 conver-
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ter is connected to the input of a signal-
level meter. In our tests for prepara-
tion of this report, we utilized a Jer-
rold 727 meter. The SLM is tuned to
the output channel of the RSC-3, or
channel 3. The detected output fr.om
the SLM, or the voltage from the vid-
eo-output jack, goes to the vertical-in-
put jack on the DC (coupled) scope.

The ramp voltage generator (saw-
tooth generator) drives the varactor in

horizontal-input jack on the DC (cou-
pled) scope. This is the complnte pack-
age. To save on having to construct an
external or separate power supply for
the sawtooth generator, we "robbed"

the modest requirements of the unit
from the RSC-? pouer supplA.

So actually, to be in the S/A busi-
ness, the only "box" you need to con-
struct is the sawtooth (ramp) voltage
generator. The box has a sweep rate

the RSC 3 and provides drive for the control, sweep width control, and a

B
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CATJ Author Award

With this construction-and-theory
art icle detai l ing the design and con-
struct ion ofa low-cost spectrum analy-
zer for CATV, CATJ makes the first of
a new series of irresular awards to be
known as the "CATJ Author Award."

For some t ime now we have invited
CATV technicians, engineers and sys-
tem-operating personnel to submit ma-
terial for publ icat ion. Laufer, no novice
at preparing material for print,  is one
of the first to be accepted by CATJ.

Mat.erial to be eligible for the "CATJ

Author Award" must come from a to.
tal ly non-commercial source ( i .e. the
writer or his company must have no
possible pecuniary gain potential,
should we publish the material submit-
ted). Jerry Laufer went to considerable
trouble to tel l  you about this unit ,  not

t.he least of which are the f ine photo-
graphs that accompany this report.  In
accepting this paper for publ icat ion,
CATJ is awardine a cash token to
author Laufer in the form of an award
for lhis contr ibution.

.:''
r'-$t;

f'{t,
r '- ld'
@t!

A u t h o r  L a u t e r  i n  S a n  J o s e
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F r o n t  v i e w  o f  s a w t o o t h  g e n e r a t o r

center frequency control .  The center
lrequency control has a coarse and fine
adjust option. There is also a provision
for an external (optional to ybu) chan-
nel-select input.  By including this op-
tron ln your own box, you can select
certain preset channels by pushins a
button. The outputs from tlire box"in-
clude varactor drive, sweep out, and
sync out. The circuit has been con-
structed on a printed circuit board (see
board layouts here) and is mounted in
a small readily available enclosure.
You might want to use a slightly lnrger

C 2
1 5 ! l / 3 0 V

R S C - 3  r e m o t e - c o n t r o l  b o x  ( f r o n t ,  l e f t ) ,  c o n v e r t e r
w i th  sawtooth  genera tor  on  top ,  and i lgh I ,  727
m e t e r  u t i l i z e d  f o r  s i g n a l  d e t e c t i o n .  S c o p e  n o t
s h  o w n .

box than I did; in my mania for com-
pactness, I probably got my pot con-
trols too close together to comlortable
tuning, and you would do well to buy a
slightly larger box!

Please refer to Diagram 2: the sche-
matic diagram of the sawtooth genera-
tor circuit. The heart of the sawtooth
generator is a quad operational arnpLi-
fier (quad op amp), which has four am-
plifiers in one integrated circuit (IC)
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DIAGRAM 3

package. This 14-pin dual inline pack-
age (DIP) contains about 40 transis-
tors, 8 diodes, 12 resistors, and 4 capa-
citors. If the internal portion of this
unit is of interest to you, you should
request data sheet AN72 from Nation-
al Semiconductor Corporation, 2900
Semiconductor Drive, Santa Clara.
cA. (95051).

A1 and A2 form the basic sawtooth
and pulse generator. R12, R13, and C1
set the frequency of the oscillation,
with the sawtooth output coming on
pin 4 of A2. This output is coupled
through capacitor C2, R74, and Rl to
the non-inverting input of ,{4. R14 sets
the amplitude of the sawtooth wave-
form and determines the total frequen-
cy width scanned. R6 and R20 select
the center frequency, which is added

D u a l - t r a c e  d i s p l a y  o f  v o l t a g e  o u t p u t s  o f  s a w t o o t h
g e n e r a t o r ;  l o w e r  t r a c e  i s  s y n c  a t  2 0  v o l t s  p e a k  t o
p e a k ;  u p p e r  t r a c e  i s  s w e e p  o u t  ( h o r i z o n t a l  d r i v e )  a t
1  5  v o l t s  p e a k  t o  p e a k .

to the channel-select input. Rl, R4, and
R5 are summing resistors that com-
bine all of the voltages feeding the
varactor drive. The output of A4
drives the varactor in the converter.
On a scope, you can see that the actual
waveform is a nonsymmetrical trian-
gular wave.)

The output of A1 is applied to the
inverting input of A3 through the sum-
ming resistor R15. This is added to the
sawtooth output of A2 through resis-
tor R16, which results in a fast retrace
time with a wait period to allow the
converter to return to the start fre-
quency (i.e. where the sweep begins).
The difference in the fast retrace for
the scope and the slower retrace for
the varactor drive eliminates any
scope display during the varactor re-
trace. The scope waits on the far left

C o n n e c t i o n s  i n s i d e  o f  R S C - 3 .  N o t e  o n  f a r  r i g h t  s i d e
o f  p h o t o  t h a t  c o n t r o l  w i r e s  r o u t e  o u t  o f  c a s e  b a c k
t h r o u g h  h o l e  d r i l l e d  a b o v e  c o n t r o l  c a b l e .

1 0

Package o f  sawtooth  genera tor  and RSC-3 con-
v e r t e r ;  n o t e  h o r i z o n t a l - o u t p u t  c o n n e c t o r  a n d  c o n -
t r o l  w i r i n g  b e t w e e n  g e n e r a t o r  a n d  R S C - 3 .

CATJ for



D u a l - t r a c e  d i s p l a y  o f  v o l t a g e  o u t p u t s  o f  s a w t o o t h
g e n e r a t o r ;  l o w e r  t r a c e  i s  v a r a c t o r  d r i v e , 2 O  v o l t s
p e a k  t o  p e a k ;  u p p e r  i s  h o r i z o n t a l  d r i v e  a t  1 5  v o l t s
p e a k  t o  p e a k .

side of the display while the varactor
returns to the start sweep point. This
appears as a momentary bright spot
and a spike on the far left side of the
scope screen while the varactor re-
turns to the start sweep point.

You can eliminate the retrace spike
by driving your scope Z axis input or
external blanking with the sync pulse.
However, you must be sure of the cor-
rect polarity and amplitude and may
have to add an inverter for proper op-
eration (*).

The output of A3 provides the hori-
zontal drive for the oscilloscope. The
pulse developed by A1 is brought out
through R19 to provide sync pulses if
you want to use the internal horizontal
(line rate) sweep on your scope.

fi,i#i,:1:8.'JJ$.^?"
DIAGRAM 4

The horizontal sweep to the scope is
15 volts peak to peak. If your scope
requires a larger drive voltage, you
can'i.ncrease the value of R18 until the
peak-to-peak voltage available is (up
to) 2.0 volts less than the supply volf-
age.

Connections to RSC-S

To connect the sawtooth generator
to the RSC-3 converter, remove the
converter from the case. Drill a hole in
the converter chassis about 0.5 of an
inch above the control-cable entry
point (see photos) and install a grom-
met. Disconnect the uthite wire of the
control cable from the middle terminal.
in the RSC-3. The white wire in the

s c o p e  s c r e e n  d i s p l a y  o f  l o w - b a n d  c h a n n e l s  2  ( t e f t )
t h r o u g h  6  ( r i g h t ) .

JU LY ,1  975

S c o p e  s c r e e n  d i s p l a y  o f  h i g h - b a n d  c h a n n e l s  7  ( l e f t )
t h r o u g h  J  ( r i g h t ) .

r
1 1
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SYNC -
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-  t {5 -
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_ R4_

C E N T E R
FREO.

l l
R3 R2
t l ro Dc (_)

control cable is the "channel select" in_
put to the generator that comes from
the remote-control box of the RSC B.
The uaractor driDe output from the
sawtooth generator is then connected
to the terminal where the white wire
was previously connected.

Positiue DC uoltage for the saw_
tooth generator is found inside the con_
verter where the shield of the control
cable from the remote control is con_
nect€d. Negatiue DC uoltage is found
at the same terminal wheie the red
wire of the remote-control cable con_
nects.
Operation

With the channel selector connected.
set the width control to display unoul-d
MHz ( i t  should display 

' the 
" i ."" f ,

color-sub and aural ci."le.s u. .ho*.,
in,Lhe p.hotographs);  and push button
selec.t  the higl test f requency channel
you. have on your system. Adjust the
center l requency control  on the saw_
loolh generator to display the channel
(highest channel). Witn" this adiusi_
ment made with the center frequency
control p-ot, you can now change chan_
nels of display by simply pusi ing up
the proper channel on the RSC_5 re_
mote control. Only slight (if any) read_

1 2

- .+ OPTTONAL
CH.  SELECT

DIAGRAM 5

T o p  v i e w  o f  s a w t o o t h  g e n e r a t o r  b o a r d  m o u n t e d  i nn o u s t n g / e n c l o s u r e

justment of the fine-tuning control or
center frequency control  sEould be re_
,quired to obtain a perfect one-channel
drsplay as each channel is , ,punched

1rp.".To adjust the sawtooth generator
lor "perfect tracking" with ine pustr
bu t tons .  you  can ad jus t  the  va lues  o f
R3 and R4. Holes have been provided
in the PC board for this purpose.

I t  has been my experience that a 1.b
meg- resistor in paral lel  with R3 wi l l
sel  the push button tracking. To deter_
mine whether RB or Ra sholuta be low-

SWEEP
OUT

I
J U L Y ,  1 9 7 5



S i d e . , v i e w  o f  s a w t o o t h  g e n e r a t o r  b o a r d ;  n o t e ,  a s
m e n t i o n e d  i n  t e x t ,  t h a t  s l i g h i l y  l a r g e r  e n c l o s u r e
w o u l d _ s p r e a d  c o n t r o l  p o t s  a p a r t  a n d  m a k e  t u n i n g
e a s i e r  f o r , . t h i c k  f i n g e r s . "

ered by a parallel resistor, set up on
channel 13 as described in the previous
paragraph, and switch to channel 2. If
channel 2 is displayed to the kf t  (on
the scope display) of Lhe referenie dis-
play (as centered) for channel 18. the
gain of 44 is loo high. To reduce the
gain, louter the valu"e of Rg. If. on the
other hand, ehannel 2 is to Lhe r ight ol
the reference channel 13 displa!, the
gain of .\4 is too loul To incfeaie the
gain, lower the value of R4.
Perfor-mance

The Jerrold RSC-3 converter we
utilized for our tests had a very flat
reponse. We measured it as 

"beins

within +/-  1.0 dB. For .your own ref l
erence in determining whether the
unit you use has similar characteris-

.Sc_9.pe_:9ree l  d isp lay  o f  tow-band (channets  2_6
l e f t ) ,  F M ,  1 0 9  a n d  l l g  M H z  p i t o t s ,  i h a n n e t s  7 _ 1 ip l u s  J ,  a n d  2 7 7  M H z  p i t o t  ( f a r  r t s h t i .

J U L Y ,  1 9 7 5

; i : t " , : ,4  
( ramp vo l tase)  genera tor  component

tics, we are supplying the measure_
ments from our RSC-3 here as Table 1.
We began with the signal level on
channel 2 as our reference, and devia-
tions shown are referenced to the
channel 2 signal.

With this kind of response, you can
see_ that it is possible to set up head-
ends, calibrate SLM's and all of the
other things that require a flat re-
sponse.It may be that you will want to
.uerifA your own RSC-3 response with a
known output level var iabie l requency
signal generator in advance, i f  vou ar l
going to use your low-cost spectrum
analyzer for critical setups.

-You will notice, in operation, that
when you are on maximum-scan-width

S c o p e  s c r e e n  d i s p l a y
( l e f t )  a n d  a  C W  ( A @ )
e n c e  ( r i g h t ) .

w i t h  c h a n n e l  7  v i s u a l  c a r r i e r
inser t  car r ie r  fo r  leve l  re fe r -

1 3



ranges (i.e. over the full low band, mid
band, high band and super band) car-
rier levels appe&r to move up and
down. This is due to scan loss. Since we
have a fixed (i.f.) bandwidth of 600 kHz
established bg the SLM, the relatively
short period of time the converter is
sweeping each channel does not allow
enough time for the detector to reach
fuII response (i.e. output level). This
could be corrected by a slower scan
rate, a wider (i.f.) bandwidth, or a nar-
rower scan width (**).

* -The poklritA of the sgnc pul"se can
be'inuerted, something CATJ will dis-
c u s s  i n  l h e  A u g u s t  i s s u e .

**-The actual use for detection of
en SLM is not mandatorA; the user
could. substitute a diode-detector cir-
cuit. OATJ uill discuss this in Auqust.

TABLE 1

The following measurements were
made of the RSC-3, which was utilized
as an "RF head" for the spectrum ana-
lyzer.

Channel  Deviat ion Channel  Deviat ion

2 Reference
3 +0.2  dB
4 +0.3
5 +0.6
6 +O.7
A +0.5
B +0.3
c +o.2
D +O.1
E 0.0
F 0.0
G +0.1
1-1 +0.1
| +0.2
7 0.0

8  -0 .1
9 -0.4

10 -0 .6
1 1  - 0 . 8
12 -0 .9
13 -O.1
J  -0 .8
K 0 .8
L  0 .8
M -0.6
N -0 .5
o -0.6
P -0 .7
o -o.1
R -0.7

ANANALYSIS OF
EMERGENCY MESSAGE

OYERRIDE SYSTEMS

EMERGENCY
OVERRIDE SYSTEMS

Over the past few years there has
been a continuing increase in interest
among CATV operators to provide
their community with the capability of
distributing emergency messages over
all channels of their cable system. The
availability of Civil Defense funds for
financing, coupled with humanitarian
concerns of the operator in offering an
added public service to his system,
have been the primary reasons for the
increased interest. Some communities
require the emergency message fea-

1 4

Safety In Numbers

ture as a part of their franchise, while
others permit a rate increase when an
operator adds the service.

Various techniques have been used
to provide such service, but all are es-
sentially reduced to eliminating the
normal programming on every channel
of the system and substituting the
emergency information. A discussion
of how this may be accomplished in
headends utilizing conventional heter-
odyne signal processing equipment is
the purpose of this article.

CATJ for



Siqnal Generation

The simplest approach to providing
emergency audio alert on all channels
of the system requires an additional
sound nlodulator for each channel and
a switch at the input to the cable sys-
tenr to sielect the normal or emergency
headend. Diagram 1 is a block diagram
of such a typical system.

This system may be the simplest in
concept, but the initial cost and the
added maintenance problems make it
the least attractive solution. A further
drawback stems from a corollary of
Murphy's Law: "Anything used only in
emergencies will not work when
needed." Any system, regardless of
the approach, will require some ele-
ment used only in the emergency
mode. The obiective is to minimize the
number of elements restricted to
emergency usage, thus improving the
overal l  rel iabi l i ty.

Most headends consist of a combina-
l ion of heterodyne processors, base-
band modulators, and microwave mod-
ulalors.  Flach of these devices accepts
an input signal in a specif ic format,
oporates on this information in some
nranner,  and generates a convent ional
television signal on a specif ic channel
l'or applictrtion to the cable system. For
emergency alert purposes, we wish to
interrupt the normal flow of signal at a
point where commonality of formats
exists and a minimum of special-pur-
pose emergency equipment is re-
quired. Let us consider the three basic
devices and their component sections.

He teroclllne Proces sors

Diagram 2 is a simplified block dia-
gram of a conventional heterodyne sig-
nal processor. The incoming off-the-air
channel is converted to a lower-fre-
quency IF signal where amplification
and automatic gain control are applied
before the signal is converted to the
desired channel for application to the

J U L Y . 1 9 7 5

oa:
Williford S. Giddens
Manager. Production Engineering
Cable Communications Division
Scientific-Atlanta, Inc.
3845 Pleasantdale Road
Atlanta, GA. 30340

cable. Most processors contain circui-
try to generate a standby signal during
those times when the off-the-air sta-
tion is not transmitting, and in modern
processors this standby signal can
either be modulated or unmodulated.
As shown in Diagram 2, the video and
sound IF signals are not separated and
treated individually through amplifiers
and AGC circuitry, although this is the
modern approach actually practiced.

Baseband Modulntors

A basic, simplified block diagram of
one form of CATV modulator is shown
in Diagram 3. The video and audio sig-
nals are converted to separate IF sig-
nals, then combined and converted to
the desired frequency for the cable.
AGC circuits and standby signals are

E M E R G E N C Y
A U D I O  I l I E S S A G E

T O  C A B L E
SYST E lvl

E M E R G E N C Y  A U D I O  A L E R T  C O N C E P T U A L  A P P R O A C H

DIAGRAM 1

1 5



TO CABLE

S I M P L I F I E D  H E T R O D Y N E  P R O C E S S O R

DIAGRAM 2

not needed and therefore not included
in a typical modulator.

Mic.rounue Modulntors

In those headends where one or
more channels are received by micro-
wave, a modification to the baseband
modulator will provide the proper sig-
nal conditioning. A microwave signal is
often supplied as 4.5 MHz video and
audio, and in such circumstances cir-
cuitr.y is used to convert the 4.5 MHz
audio signal to the proper format for
application to the sound modulator.

Commonaktll

It can readily be seen from the above
discussion that IF signals are common
to processors and many modulators. If
one were to provide a scheme to inter-
rupt the normal IF signal and substi-
tute the emergency message, the alert-
ing system objectives would be met.
Many of the earlier systems used this
technique. A means of convert ing au-
dio to sound IF in conjunction ,"Ith a
suitable IF amplifier and coaxial
switching relays (normal operation to
emergency audio-only modulation) for
all processors and modulators are the
essentials of such a system.

1 6

Providing override at IF remains a
valid technique, but a degree of. custom
design will be required. In the proces-
sor, the point at which the IF signal is
injected must be chosen consistent
with the (signal) level of the emergen-
cy IF, ideally a point ahead of the AGC
circuitry to permit ease of maintaining
a consistent output leuel and to mini-
mize the drive requirements of the
emergency IF. However, most modula-
tors typically do nctt contain IF ampli-
fiers with AGC circuitry, and therefore
a stable, relatively high level "emer-

gency" signal will be required.
One technique for implementing IF

override including a modulator is
shown in Diagram 4. In this scheme, a
switch is installed in the audio input of
the system modulator to select be-
tween the normal and emergency
audio sources. With the switch con-
nected as shown, the modulator oper-
ates in the conventional manner for
which it was installed in the system,
but in an emergency the switch is
transferred to the "emergency audio"
position connecting the sound portion
of the modulator to the emergency
message. If the low level sound IF line
in each processor also contains a
switch connected to one of the "low
level IF to processor" Iines, override

CATJ for



V E S T I G I A L
F I  L T E R

r - t  I
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L _ l
wil l  be accomplished on o11 channels.
Caut ion must be exercised in select ins
the IF switehes for the processors t3
insure reasonable impedance match,
termination of the unused input, and
isolation of 60 dB or better. i1)

S I M P L I F I E D  M O D U L A T O R

DIAGRAM 3

Blnck-Out

The system just described will inter-
rupt the normal sound on all channeis
whi le not disturbing the video and can
be an rnherenl disadvantage in the sys_

(l)-In any carrter-substitution slJS-
tem, uthere the normal aural or aur"at/
uilleo corriers are remouecl from the
sgstem trunk input at the head,end,,
and emergencA o?" standbu car.riers are
subst i t  uted, I  he susi l  chi ig mechanism
isolation $.a keg ingredient to system
acceptabiLity. Normally, u.then ttio car-
riers on the same channel (frequency)
are isolnted from one another G.n. ,tg_
nal uol.tage ratiol by l0 db or greate"r,
there is no uisibl,e-to-the-eye 6eat (co_
ch ann el int e rfe rence). Hoie uer, -oi,
commonly auailnbLe coorinl rektus sui_

J U L Y , 1 9 7 5

I?!. t\ port-to-port terminal isolntion.
o/J_g!!S 30 db or l,ess at h.ish_band.
(VUtt-'1 

_ frequencies. A short:.iig_tipf,
c.oarial relny, tahich not only "toi{n,
let ,u,e1n. gorr ier s ignals . .A' : 'ard .8,1.
out wntch terminates the unutantet l
carrier source in 75 ohms, ts pr"f"raii
to a sirnple "A" or ,,8" retni. A"otin,
approach is to cloubln_relny ihe sutttci-inq,. prouiding two relnys" in ;;;;; ;"
muk? the "break":  thereby increasing
thc isolnt ion by a factor o! two ouer as7ngrc rektzl.

1 7
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tem. The c&sual viewer's attention is
gained onlu momentarily by only inter-
rupti,on of normal sound. If, however, a
com,plete loss of u,fuJeo occurs simulta-
neous with an interruption of sound,
there is a greater likelihood of gaining
the immediate and undivided atten-
t ion of the viewer. In planning the sys-
tem consideration may also be given to
substituting an emer'gency uid"eo mes-
sage as an alternate to switching to a
blacked out screen. Whatever scheme
is employed , the normal uideo progra?rl
should, be remoued during the emer-
gency announcement.

System, Securitu

In the great majority of situations
the origination point of the emergency
message will not be the cable system
headend, since it is desirable to permit
lncal officinls to transfer the system to
the emergency mode^and originate an
emergency message trom one or more
remote points, typically from a stan-
dard telephone. Remote activation of
the switches necessary to control the
system is relatively easy to accom-
plish, but means should be provided to
prevent unauthorized accidental or
malicious seizure of the system. The

1 B

standard Touch Tone@ system in use
by a large segment of the telephone
industry in the United States is parti-
cularly attractive for signaling the
switches at the headend, and a three-
digi t  conf ident ial  number wi l l  usual ly
provide adequate security to prevent
unauthorized access.

CommAl,ert SAstem

The Scientific-Atlanta Series 6120
CommAlert System was developed to
provide a versatile emergency over-
ride system which would permit the
cable system operator reasonable lati-
tude in configuring an alerting system
for his community. The CommAlert
provides the necessary supervisory
control and signal conditioning to per-
mit substitution of emergency mes-
sage material for the normal program-
ming through use of a telephone re-
mote from the headend or through use
of a microphone and video source lo-
cated at the headend.

Proper selection of plug-in modules
for the 6120 and proper system cabling
enables the operator to select genera-
tion of sound emergency messages at
audio, 4.5MHz, and sound IF frequen-

S P L I T T E R S

LOW LEVEL  IF  TO PROCESSOR
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cies. Provisions are also included to
add local video override. The remote
telephone may control the system over
a dedicated pair of wires used exclu-
sively for the CommAlert System, or
the telephone may be part of the local
telephone network. In either case, the
only equipment required at the remote
location is a standard Touch Tone @
telephone. No auxi l iary equipment re-
quiring additional maintenance is re-
quired.

The CommAlert  System includes a
basic chassis, power supply and six sig-
nal condit ioning modules. In operat ion,
the remote telephone contacts the
CommAlert and the operator hears a
dial tone generated by the Scientific-
At lanta 6120 system. This tone is dis-
tinctly different from the tone used by
the telephone company, thus insuring
instant recognit ion by the user.  Upon
hearing the CommAlert  dial  tone, the
user presses the proper three-digit
code on his Touch Tone@ telephone
and immediately hears an alert ing tone
of approximately one-second durat ion.
This alert ing tone wi l l  a lso be heard by
every subscriber who has his televi-
sion set turned on. The originator of
the emergency cal l  gives his message
and hangs up to restore the system to
normal.

Lin,e Suneruision Module

The Line Supervision Module of the
6120 provides the required super-
visory commands in the system re-
sardless of whether the remote tele-
phone is connected through a dedi-
cated pair of wires or through the local
telephone network. If the telephone is
connected through a dedicated pair, di-
rect current is supplied from the Line
Supervision Module to operate the
voice circuit and the Touch Tone @ os-
cillators in the remote telephone. The
Line Supervision Module senses
whether the telephone is on or off hook

J U L Y , 1 9 7 5
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and provrdes this information to other
modules in the system.

Operation of the CommAlert system
with the conventional telephone ex-
change, permit t ing emergency-mes-
sage origination from any normal
Touch Tone@ telephone, requires
moving several  jumpers in the Line
Supervision Module. A telephone-com-
panv-provided coupler is installed at
the headend between the Scientific-
At lanta 6120 and a regular telephone.

WHAT EMERGENCY?

CATV systems are increasingly be-
ing called upon to provide their com-
munities with some form of civil emer-
gency alerting system, for use in times
of local weather emergencies, local
health emergencies, or even as a means
of "calling in" for duty the local volun-
teer fire department.

Perhaps 50 or more systems in the
country now have this capability. Many
more could and would have i t  i f  they
were aware how simple it can be and
how much goodwill such a system can
create for the CATV service.

Addit ional ly, federal matching funds
through the Office of Civil Defense and
Mobil izat ion are now avai lable. which.
with local city or county government
involvement, will pay up to 50o/o of the
going-in plus the on-going costs of such
equipment and i ts maintenance.

Author Giddens reviews the various
approaches to this type of system, and
while he makes positive points primari-
ly for the Scientific-Atlanta Series 6120
CommAlert System, his review of the
other basic technological approaches to
emerfTency alerting should be interest-
ing background material for all system
operators.

1 9
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necessary to gain access and control.
The Address Decode Module contains
three jumpers to enable the operator
to change the address whenever de-
sired. Each incoming digit is counted,
and only the first three digits in the
correct sequence will activate the
override. Dial and alert tone genera-
tors are located in the Address Decode
Module and operate in the sequence
described above. DC output from the
Address Decoder is used in the Over-
ride Control Module to operate the
necessary relay driver circuits.

Ouerride Control Module

Operation of theScientific-Atlanta
CommAlert from the headend may be
accomplished through the use of a
push-to-talk microphone supplied with
the system which will preempt control
by the remote telephone. The required
preamplifier and control logic along
with relay closure for external circuits
are contained in the Override Control
Module. A front-panel LED indicator
illuminates whenever the system is in
an alert  mode.

Modulntor Control Moduk

It is frequently more convenient to
provide the override information to
modulators at audio frequencies, elim-
inating the inconvenience of installing
a coaxial switch in the sound IF line.
Rack cabling becomes less bulky if the
audio switching is performed in the
CommAlert unit, a function performed
by the Modulator Control Module. The
regular audio input for a modulator is
connected to the 6120 where normally
closed relay contacts route this audio
back to the rear panel of the unit for
cabling to the modulator. In an alert
condition the relay activates, discon-
necting the normal input and supply-
ing emgrgency audio to the modulator.
Compensation for different input
levels is accomplished through the
proper selection of resistive attenua-

D I A G R A M  5

In operat ion, one dials the number of
the headend telephone, which is auto-
nrat ical ly answered by the coupler.
The coupler alerts the CommAlert
Linc Supervision Module of an off-hook
condit ion, and the 6120 dial  tone is
transmit ted to the cal ler.  I f  the cal l ins
prrr lv then dials the correct three digi i
code, the system will transfer to emer-
gency.

Touc.h Tone@ Decode Mod,ule

The standard Touch Tone@ system
is a 3 x 4 tone matr ix ut i l iz ing seven
tones to produce twelve two-tone com-
binat ions, represent ing digi ts 0
through 9 plus two special-purpose
codes. The Touch Tone@ Decode
Module recognizes the presence of any
of the tone combinations and provides
a dc output represent ing the incoming
digi t .  In addit ion to the ten digi t  out-
put l ines, the Touch Tone@ Decode
Module also provides an output each
t inre any input is received. The re-
sponse time of the decoder is intention-
al ly s lowed somewhat to require posi-
t ive, del iberate act ion by the user.

Decod,e Module

The CommAlert System uses a dis-
crete three-digit code as the address

20
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tors contained in the Modulator Con-
trol Module.

L.5 MHz Conuerter Module

Modern signal processors contain fa-
cilities for externally applied 4.5 MHz
modulation to the substitution carrier
and internal switching to select this
modulation. For processors so
equipped, this is the most advantage-
ous method of application of the emer-
gency alert signal. Coaxial switches
are el iminated, rely ing instead on sig-
nal select ion within the processor.  The
normal video signal is automatically re-
moved when the substitution carrier is
selected, and a locally generated video
may be easily added to the sound sig-
nal.  The CommAlert  4.5MHz Convert-
er Module contains a frequency-modu-
lated, phase-locked varactor diode os-
cillator and amplifier circuits to supply
adequate signal level to drive all the
processors in the headend.

Comm,Alert STstem Configuration

Diagrams 5 and 6 are block diagrams
ol the two basic system configurations
ut i l iz ins the Scient i f ic-At lanta 6120
CommAlert in an emergency alert sys-
tem. Diagram 5 is the preferred ap-
proach, requir ing a minimum of exter-
nal switching and cabling. The system
conl ' igurat ion of Diagram 6 is useful  in
those appl icat ions where the signal
processor's substitution carrier cannot
be externally modulated or where it is
desirable to interrupt the sound whi le
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not disturbins the normal video. This
application does require the inclusion
of a coaxial switch in each processor.

Sum.marll

The addition of an emergency alert
system can benefit the CATV operator
through improved community rela-
tions and may be justification for a rate
increase. In planning the instal lat ion of
an alert system, careful consideration
should be given to the number and
type of remote control points (whether
dedicated l ine or dial- in access).  the
type of system securi ty provided, and
the complexity of the alert system. A
simple straightforward approach will
produce a system capable of reliable
operation with a minimum of increased
maintenance costs.

USING A RHOMBIC?

Is your CATV system uti l iz ing a
rhombic receiving antenna? CATJ
would like to hear from you if you are.
We have been gathering together ma-
terial about the rhombic antenna for a
full report to readers, but lack specific
CATV system data on this most versa-
tile antenna.

If you happen to be a "hoarder" of old
publications, and have the March 1960
issue of the RCA REVIEW, we would
very much like a copy of that issue, in
particular the article starting on page
117 (Improved Art of Rhombic). A copy
of same to CATJ Editorial, 4209 NW
23rd, Suite 106, Oklahoma City, Ok.
73107 would be much appreciated!

J U L Y , 1 9 7 5 21



Part Two Of Three

Three Doun

When we le f t  the  drama o f  the
CATV antenna last month, we were
through the basic problems associated
with designing a resonant antenna (di-
pole) with the addition of one reflector
(for front to back and added gain) and
the addition of one director (for added
gain and increased forward selectivi-
tY) .

Perhaps it is best at this point to
once again diseuss the basic reason for
making antennas larger.

If you have a cube of atmosphere
(any cube) with boundary markers
placed around the edge, it is fil led with
a multitude of RF signals. Inside of
that cube of air you have several sig-
nals Aou uant, and the rest Aou do not
utont. Al least not at the moment.

Some or most of these are frequencg
diuerse; that is, these signals are sepa-
rated throughout the radio spectrum
(from VLF-very Iow frequencies to
UHF-ultra-high frequencies), and. most
of our selection process is handled by
the normal selectivity parameters
built into our receiver (or signal pro-
cessing equipment). Still, not all of the
frequencies or signals available in our
imaginary cube of atmosphere are fre-
quency diverse; some have the bad
taste to be either on the same frequen-
cy, or on immediately adjacent fre-
quencies. So if you merely stick a "res-

onant" dipole antenna into that sphere
and plug the dipole into your receiver

22

or processor, those two or more signals
that happen to be not frequencA di-
uerse end up traveling jointly into the
receiver/processor input port. One
may be stronger than the other; the
stronger of the two (or more) maA not
necessarily be the one yov desire.

If the signals are on the exact same
frequency (within normal tolerances),
the receiver/processor is uncertain
which one to deliver to you; and it does
what comes naturally, receiving or
processing the stronger of the two. It
may display some interference from
the uteaker of the ttao in the process.

If the signals are on adjacent fre-
quencies (i.e. frequency offset by some
relatively small offset amount), and
the one you desire is weaker (or con-
siderably weaker, as the case may be)
than the non-desired signal, the pro-
cessor or receiver has to work extra
hard to produce an acceptable signal
from the weaker signal, sandwiched as
it is right adjacent to a strong(er) non-
desired signal.

Clearly, some form of pre-selnction
is required in either case; pre-selection
being some method of separating the
desired signal from the non-desired
signal(s), so that the receiver/proces-
sor is capable, within its design limits,
of producing the signal you really
want.

If the two signals are frequency off-
set, you might be able to add selective

ANTENNABASICS
FORCATY SYSTEMS
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fi lters ahead of the processor, but after
the antenna, and sufficiently attenuate
the off-frequency signal so that the re-
ceiver/processor can do its job on the
desired signal. You might be able to. . .
and then again you might not be able
to separate the two adjacent signals
with a filter. On the other hand, if
there is no frequency diversity be-
tween the two signals, that is, both are
camped upon the same nominal fre-
quency, then any pre-selection ahead
of the receiver (and it will have to be
ahead of the receiver) must come from
selectively separating the desired sig-
nal from the non-desired signal. This
can onlA be achieued bg building addi,-
tional pr e - s e l,e. c tion (i.e. directivity ) in -
to the antenna rece'iu'ing system.

Non-desired signals do not have to
be RF in the sense of radio carrier
signals. Non-desired signals can be (1)
noise interference radiated by nearby
power lines, (2) or a busy highway, (3)
or an electric fence (etc.); or, (4) re-
flected signals (delayed in time) from
the same transmitter you desire, only
arriving at your receiving site after
traveling billard effect via a nearby
building, mountain, etc. on a non-direct
route to your receiver. In short, a non-
desired signal can be anA tApe of sig-
nal, interf.erence, or even the same sig-
nal which results in a marring or case
of imperfections to the desired signal
you are attempting to receive.

Clearly, in CATV, the one thing we
have to sell is clear pictures. Anything
that mars our pictures must be dealt
with, and eliminated, or we will not
survive as a commercial entity.

So there is a reason-a good rea-
son-to have an antenna array that is
capable of not only receiving the de-
sired signal but also capable of elimina-
ting (or greatly reducing) interference
from non-desired (signal) sources.

The ideal antenna would be sharp as
a tack; when you pointed it at the sta-
tion you wished to receive, the picture
would come in strong and clear, but

J U L Y ,  1 9 7 5

when you pointed il in ang other direc-
tion there would be no signal at all
from the desired station. An antenna
this selective would not only produce
good pictures from desired stations, it
would ?zot respond to signals from ang
non-desired sources.

There is no such antenna.
But that does not stop people from

trying to build one. The first step in
that direction in the VHF range came
in the '30's when a couple of Japanese
physicists named Yagi and Uda got to-
gether and designed the first direction-
al antenna with three or more ele-
ments. Dr. Yagi must have been the
heavy because few people claim they
have a Uda on their tower. (Larry
Dolan of Mid-State clnims he once met
a girl in San Francisco with a Uda on
her tummy, but that ?s another
s t o r y .  .  .  . )

And they are stil l trying to build the
perfect antenna (some are stil l looking
in San Francisco, according to Dolan).
Soon after the Yagi-Uda design came
out, someone took the basic three-ele-
ment antenna and decided that if three
were good, four or five would be bet-
ter. After they shook the bugs out of
four or five elements, somebody else
decided to go for ten (elements, not
Udas on her tummy). By the end of
World War II hostilities, the art had
progressed to about ten elements, but
with the progression came the recogni-
tion that eueT'A time qn elcment uas
added to a Yagi the usabl.e bandwtdth
of the antenna uent dou.rn, perceptibly
if not dramatically. This led a fellow
named Kennedy to observe one day
that the Yagi antenna was really an
"inside-out bandpass filter." If the logic
of that escapes you, see Diagram 1.
Most of us accept that if we start out
with a "three-element" bandpass filter,
change the design slightly to allow ex-
pansion to say seven elements in the
filter, we have just increased the selcc-
tiuitg of the filter.In the Kennedy log-
ic, tltat is u,that happens to the Yagi
antenna.
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55.250 MHz-i,n fauor of broadening
the useful ga'in oueT say 55.25 MHz to
59.75 MHz, or channel 2), you do two
things. First you stagger the lengths of
the elements. That is, you cut the di-
pole element so it is resonant on one
portion of the desired channel (say
55.25 or the video carrier frequency),
and you cut the length of the reflector
so it is sufficiently longer than the di-
pole to create a desirable front-to-back
ratio. Then you start with the number
one director (the first one ahead of the
dipole), and you cut it for say 55.75
MHz; the second director you cut for
say 56.25 MHz; the third director you
cut for 56.75 MHz, and so on, until you
get to 59.75 MHz, or the channel tuto
aural carrier frequency. There is noth-
ing magic about moving up in 0.5 MHz
sbeps with the directors; you can find
(or create) an argument for a dozen
different "formulae" anytime you
stumble into a men's room frequented
by antenna design engineers.

As shown in Diagram 3, this creates
a special situation of sorts: it allows
you to spread the useful frequency
range of an antenna that is essentinlly
a narrou;-band deuice over something
approaching a 4.5/6.0 MHz wide tele-
vis ion channel.

So much for staggering the length of
the elements. It is a useful design
trick. and it works. after a fashion. You
can also play with the "coupling" be-
tween the elements. Now elements
couple, one to another, through a com-
bination of induction (i.e. picture two
RF coils in an amplifier, so placed as to
couple through the interueraing air gap
one to another) and capacity (i.e. pic-
ture two plates of metal with a charge
on one and some Leakage across the
interuen'ing ai,r gap so as to create
some percentage of the charge of the
charged plate on the (non-connected)
second plate as well. If none of that
turns you on, picture a girl in San
Francisco with a Uda on her tummy.

3  E L E I V ] E N T  Y A G I ,
% A  E L E M E N T S

1
I

I

ry
I
I
I f'' I

;;;;;;;';

That as Yagi antennas increase in
elements the bandwidth of the antenna
decreases, did not detour designers
who could not care less about 6 MHz
chunks of spectrum from expanding
Yagis to some 3O-plus element mon-
sters. But these (long) Yagis, as they
are known, are primarily Limited to
narroz,a-band circuits where at most
radio-telephony is being transmitted
and received, usually over a narrow
hunk of spectrum a few tens of kHz
wide.

In CATV, there are a few designs
around which feature more than ten
elements in a line (one reflector, a di-
pole, and eight directors are the com-
mon ten-element l ine-up).  In the home-
antenna racket, there are stil l a few
20-30-element multi-channel Yagi an-
tennas sold (although home antennas
are predominantly logs now); but the
black art of combining so mong el,e-
ments on such a short boom and cover-
ing so wide a chunk of spectrum (such
as channels 2-13) is elusive at best.

Now to broadband a Yagi antenna
(and here broadband mecn6 to detune
the antenna from marimum fonaard
gain on a singl,e. frequencg-such as
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DIAGRAM 2
Some antenna-design engineers

have.found. that by ..plaling" (tfr'ey cali
r t  catcutatrng) around with inter_ele_
ment spacings, that a situation can be
created where elements added to the
overall array (i.e. erpansion of the ar_
ray in Length or size by number of ele-
ments) do not necessarilg reduce the
useful bandwidth of the array.

Then there is a third approach to
broadbanding a yagi-Uda. it is one of
the more or less agareed,-upon parame_
ters of a Yagi whiih states thit if vou
take any Yagi antenna (say three'ele_
ments or more), and tune it for res_
onance on the desired frequency, that
the antenna will fall out oi resb.,ance
faster on the low-frequency side than
the high frequency side (interpreta_
t ion: a channel 3 Yagi wi l l  work'some-
uthat on channel 4 bu1 not worth a darn
on channel 2). So the approach calls for
designing muLtiptc.dipo-Ies, say two for
otscusston, rnto the antenna. In the
case of channel 2 you design in a
reflector, a dipole at ES.2E, and"another
dipole for say 57.8 MHz (hatf u;au Lo
channel 2 audio),  and ahead'of t l iese
two djpoles you line up whatever num_
ber of directors you have in mind, stas_
ger tuned for the region on up untll
59.75 MHz. This purports to assist in
the broadbanding process, s imply be_
cause we have in effect tied two reso_
nant dipoles together, each slighily
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staggered in resonant frequency from
the other, to create a ',broad'en 

re-
sponse curve" for the antenna as a
whole.

However you do it, the end result of
broadbanding a Yagi-Uda is a seri,es of

v --.-------.------._\,
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DIAGRAM 3
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compromises, all of which inter-react
one to another. And life is not easy for
an engineer setting out to measure the
results of his labors. Antenna fest-
rul,ge n'Leasurements are fraught with
danger and inherent errors. The
height of the antenna above ground,
the nearby test range terrain (and
trees, power lines, buildings, and
parked cars, etc.) all present signal re-
flection or absorption problems. For
this reason, many of the Yagi-Uda hg-
bnds (and there.are dozens if not hun-
dreds) are initially built in the 400-500
MHz frequency range where elements
are small and adequate clearance
above terrain, etc. is not difficult to
achieve. Then the results are scaled
dou,m in frequency (and up in size) to
develop the end result: a set of anten-
nas for the low and mid VHF range.
Even this presents some problems for
the semi-skilled practitioner, because
element length changes and element-
to-element spacing changes of l/32nd
of an inch in the 400-500 MHz range are
appreciabl.e parts of the el,ectrical
Length of the elements; and erroneous
results are often the rule, not the ex-
ception.

The long and short of Yagi-Uda de-
sign is that you are probably better off
in San Francisco looking for a girl with
a Uda on her tummy than trying to
build a first-rate antenna in your back-
yard with nothing more elaborate than
a hacksaw, a bundle of tubing, and a
field strength meter.

Which Is Not To Sau

That doesn't mean that properlg
equipped, you cannot do the job. Hun-
dreds of others have done it before
you, and on the assumption that there
are stil l new bridges to be crossed with
hybrid Yagi-Uda designs, some will
pass through after you.

Still, the CATV industry has not
concentrated on Yagi antenna designs
for a number of years. And that is pri-
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marily the result of the unpredictable
results one often has with a Yagi array.

Recall that any time you introduce
some new metallic object in (or near)
the field, of the antennas, you run the
risk (even likelihood) that some para-
meter of the antenna (array) uill
change on you. Let's review what para-
meters might change, and then look at
what types of metal fields within (or
near) the antennas can affect the ideal
"free space" antenna-performance par-
ameters.

(1) Front-to-back ratio-largely de-
termined by the presence be-
hindthe dipole of a longer-than-
the-dipole element, spaced elec-
trically (and physically) so that
signals arriving at the array
from the rear are phase-can-
celled by the delay created by
the reflector.

(2) Front-to-sid.e-ratio-largely de-
termined by the presence in
front of the dipole of shorter-
than - the - dipole element(s),
spaced electrically (and physi-
cally) so that signals arriving at
the array from the direct front
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are' focused"direct ly on the di-
pole element, while signals ar-
riving from an off-heading
angle (i.e. say 30, or 60, or even
90 degrees from front heading)
are not focused to the dipole.
Impedance match -largely de-
termined by the loading effects
of the reflector and first direc-
tor (or two or three directors)
upon the dipole, and the com-
pensations made by the design
engineer after these "in-field

pieces of metal" have been
added and tuned for their speci-
fic performance parameter.
Broadbanding-largely deter-
mined by tapering of element
lengths and element-to-ele-
menL spac ings .

As you can see, most of the parame-
ters (in fact all) are largely dependent
upon making re-adjustments and more
re-adjustments to the whole array
after each neut "fiekl affecting" piece of
metal is 'incorporated into the design.
So what happens when you take this
finely tuned, adjusted and re-adjusted
antenna into the real utorld, and hang it
on, adjacent to, or above a tower or
other support structure?

If you guessed that some or all of the
parameters are Likelg to change, you
get the girl with a Uda on her tummy
(if you can get Larry Dolan to tell you
where she is!) .

Experienced Yagi-Uda antenna peo-
ple caution you when stacking two (or
more) same-channel, identical-design
antennas (for additional gain) to ob-
serue one cariTinal rule of installntion.
And that is, alutags separate the anten-
nps phAsically bg at least 0.5 utaue-
Length, and if possible, separate the
identical antennas you are stacking by
one full boom lengtb. Now we see in a
special box insert in this report that
boom length is a figure of merit for
Yagi-Uda antennas. The longer the
boom, the greater the gain. So it fig
ures that if you have a large, multi-ele-
ment Yagi that has been designed

J U L Y ,  1 9 7 5

properly, you have a long-boom anten-
na. In fact, one of the tables presented
here suggests that for a ten-element
Yagi design antenna, the shortest
boom LengtD which will produce full
gain for ten elements is 2.5 wave-
Iengths. At channel 2, that is 44.53
feet of boom. Obviously the CATV in-
dustry does not have many 44* foot
boom channel 2 Yagis hanging about.
Eifher the material we gave you pre-
viously is in error, or the antennas we
do have (with 18 20-foot booms) are
compromised somehow.

Are we making other compromises?
At channel 2, 1/z wavelength in free
space is approximately 8.9 feet. That is
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the shortest spacing distance we are
advised to place two identical anten-
nas for stacking purposes. And the
really 7'econxnxended distattce for chan-
nel 2 becomes (for vertical stacking) at
least the boom length, or 18-20 feet (it
varies with the manufacturer and Dzs
boom lengtft of course).

Why are there recommended mini-
mums for stacking distance? Two rea-
sons. One is that the two "fields of
influence" for two (or more) stacked
antennas inter-react (that is, fight one
another) if the antennas are stacked
too close together. And rather than
getting the full advantage of stacking
(which is theoretically 3.0 dR each time
Lhe size of the array doubles), we end
up getting much less than 3.0 dB gain
advantage. The second reason is more
obvious perhaps: you get the elements
of one antenna into the field, of the

second antennz,, and the offending ele-
ments' metallic content promptly
changes the "tuned" characteristics of
the first antenna, and vice-versa.

Now if two antennas in the same
(combined) array will have that effect
upon one another, what about two tow-
er-stacked antennas for differenf chan-
nels/ The effect is the samel' the metal
of one antenna, placed in proximity to
another antenna, "loads" or detunes
the first antenna, and of course, vice-
versa. What is the closest you can
place arrays, on the tower, either ver-
tically (i.e. one above the other) or hor-
izontally (i.e. on gate booms) and pre-
uent 'inter-act'ion?

The answer is unclear, and therefore
subiect to debate. As we shall see, the
two separate channel antennas (or ar-
rays) are not the only meLal around,
and this makes accurate (let's decille it

BOOM LENGTH FIGURE OF MERIT

Numerous studies under control led
laboratory test fange conditions by in-
dependent antenna designers have re-
vealed that it is not necessarily how
many elements you have on the boom,
but rather how long the boom is.

Or to put i t  another way, i f  you have
a boom of "X" length, and you have
properly spaced elements on that "X"

length boom (for best response charac-
teristics for the TV channel of your
choice), adding additional elements to
the boom (with corresponding re-spac-
ing of al l  pr ior exist ing elements) wi l l
not increase the gain or performance of
the Yagi-Uda. It will, in fact, reduce the
gain, mess up the match, and generally
result in poorer performance.

It  should not be too surprising, then,
to learn that for any given length ol
boom (measured in wavelengths of
boom, since every channel has different
wavelengths), there is an optimum
number of elements, and that eny num-
ber beyond that number is questiona-
ble at best.

Of three independent and scientifi,
cally recognized tests in this region, no
two agree. Yet if all three are plotted
on a curve, one finds there are only
minor ( i .e.  not  s igni f icant)  d i f ferences
between the three evaluations. We
have taken the average of all thred
here and present them as f t ; l lows:

An tenna  Max imum
Array Number
Length Elements

0.2 wavelength 2
O.35 wavelength 3
0.55 wavelength 4
O.80 wavelength 5
1 ,15  wave leng th  6
1.45 wavelength l
1.80 wavelength 8
2.10 wavelength I
2.45 wavelength 10

If the boom length is the true figure
of merit of any Yagi-Uda design (i.e.

even more so than number of ele-
ments), then it figures that researchers
have determined the maximum amount
of gain which can be developed for an-
tennas of part icular boom Iengths (with
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once and for allll measurements diffi-
cult. There are the qate booms, ;n .fi;
mounted arrays, foi example. ara lfr"
t9ute1 And the guy wires. And even
the sheathed dounleads. Att  etert  an
influence on euerA antenna pattern
and match. The whole instal lai ion be_
comes a giant bubble; push in one place
and someth ing  pops  up  someplace 'e lse .

nul Lnere ls an answer, or two i f  you
wi l l .  One answer  i s  tha t  yo ,  n "u" .  i *_peat, neuerl) stack any antennas closer
together vert ical ly Lhan t /z *aueleneih
{rn space) on the lowest channel.  Or"to
put  i t  ano ther  way,  i f  you  have a  chan_
net Z array, and you need to mount
another  an tenna be low (or  above)  i t ,
you should never (repeat, neuerl be
anv closer to the channel 2 arrav

than t /z wavelength at channel 2.  I f  the
channel 2 array was going to be
stacked aboue by a channel 1'B array,
and belou; by a channel 4 array, the
space above betuteen 2 and 18 would
be 1/z wavelength on the lou.test chan_
nel (21. And the space between 2 and 4
would also be r/z wavelen gth, at  chan_
nel2, the lowest channel. Now that is a
bare-bones m,inimum, to prevent inter_
action. That is not guaianteed to be
enough. In fact, the second school of
thought insists that is not enough spac_
ing.

The second school says keep at Le.ast
one boom length on the loutest channel
array betu;een stacked separate chan_
neLs. If you have an 18-foot boom on
channel 2,  which is decidedly -o""

the corresponding proper number of
e lements ) .  The max imums to  fo l low are
referenced to gain over a tuned (i.e.
resonant) dipole antenna, and thev
fend^tg !g larger than can be expectei
for CATV broadbanded antenia de_
sign; simply because the studies done
to .da te  have pr imar i l y  been assoc ia ted
wtlh narrow-band response ( i .e. r/zolo of
operating freQuency bandwidth, or
lower) antennas.

fect ive for CATV performanee, their
b.oom lenglhs should be fair ly close to
the fol lowing lengths:

Array Number
Length Elements

O.2 wave 2 5.0 dB
0.35 wave 3 7.S dB
0.55 wave 4 AJS dB
O.80 wave 5 9.75 dB
1 .15  wave  6  10 .50  dB
t.45 wave 7 11.25 dB
1 .80  wave  I  12 .0  dB
2 .10  wave  I  12 .6  dB
2 .45wave  10  13 .1  dB

*For these maximum numbers to be
true, ,a l l  parameters ( inc luding boom
length and nanow-band operati,on usu_
al ly  less th-an-adequately broad to pass
a  s i ng le  TV  channe l  [ l ow  band  i n  pa r t i _
cularl) must be met.

Correspondingly, for typical five- or
ten-element Yagis to be maximum ef_

Design
Channel

5 element 10 element
(O.8 wave) (2.45 wave)

2 14.25'  43.61'
3  12 .85 '  39 .36 '
4  1 1  . 7 1 '  3 s . 8 5 '
5  1  0 .1  9 '  31  . 21 '
6 9.46'  2A.96,
7 4.49'  13.16'
a  434 '  13 .30 '
I  4.2O'  12.At '

10 4.O7'  12.48'
11  3 .95 '  12 .10 '
1 2  3 . 8 4 '  1 1  . 7 5 '
1 3  3 . t 3 '  1 1  . 4 1 '

Keep in mind when reviewing these

l ,u,mbers 
and equating them t i  yagi-

Uda an tennas you may have on  hand 
"or

be considering. thal there are as many"tricks" to Yagi-Uda antenna design as
there are practitioners. Not e[ ;icks
are common knowledge, and perhans
there are subtle rr icks that aiow t ire
designer lo telescope boom lengths ( i .e.
snor ten  them)  and s t i l l  ma in ta in  ga in ,
match, and directivity parameters
which are desirable foi CIiTV uses.

Max imum
Ga in  ( * )

JULY,  1975
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the longest wavelength (lowest chan-
nel) if you are a gambler; one boom
length on the longest boom if you are
interested in being safe.

The tower itself is a considerable
problem and not to be taken lightly.
And whereas many systems go to gate
(or side) mounted antennas to stack as
many antennas as possible in the top
100 feet of tower, there is an even bet-
ter reason to side mount: the touter
itself. Consider this for a moment. At
channel 13 (video frequency) the free-
space length of t/z wavelength is 27.95
inches. If your tower face is (by hap
penstance) 27.95 inches on a face, you
have a tower face (with horizontal sup-

port members) that just happens to be
1/z wavelength long. Any time you in-
termingle the metal in the Yagi anten-
na elements with the metal of the tow-
er, you have a whole series of. "hortzon-
tally stacked 1/z u;aue elements " (in our
example-tower, on channel 13). The ef-
fects would be devastating. A 33.69
inch tower would have a face self-res-
onant on channel 7. And the face size
does not have to be eractly the same as
a wavelength to be "Field devasta-
ting." Just close is enough.

Nor does it have to be llz wave-
length; euen a 1lq utauel,ength touer
face (33.64 inches on channel 6 or 53.43
inch tower face on channel 2) if it gets

STACKING FOR SIDE
LOBE CONTROL

Readers are referred to the June
1974 issue of CATJ (see pages 7 16) for
a special report on stacking of antennas
for co-channel reduction.

Additional gain for antenna arrays is
achieved by taking two or more identi-
cal antennas and arranging them in a
format which allows the individual an-
tennas to complement one another.
When antennas are dtacked for gain
(i.e. with no attention to special anten-
na pattern nulls to "phase out" co-chan-
nel interference sources). there are cer-
tain minimum and maximum stacking
distances to be observed. Stacking ol
any antennas less than 1/z wavelength
apart is virtually without benefits. A
relatively small Yagi-Uda array, a sin-
gle three-element antenna, has a half-
power beamwidth in free space of ap-
proximately 75 degrees. Optimum
stacking for lorward gain, in a vertical
stack (i.e. one above the other antenna)
occurs at a stacking distance of just
over 3/a wavelength (in free space).
Generally speaking, as larger indivi-
dual arrays (i.e. more than 3 elements)
are utilized, the stacking spacing must
be increased beyond the % wavelength
optimum for simple three-element an-
tennas. The optimum stacking distance

is basically a function of the half power
(3 dB) beamwidth of a single antenna.
As the half-power (3 dB) beamwidth
decreases, the optimum stacking dis-
tance increases. Most antenna manu-
facturers specify 3 dB beamwidths, and
if you know that number, you can go to
the table here and determine the opti-
mum stacking distance between two
such identical arrays (optimum is de-
lined as the stacking distance which
will result in maximum lorward gain,
without regard to side-lobe control). In
those situations where horizontal (or a
combination of vertical and horizontal)
stacking is utilized, it is often likely
that when antennas are physically
close spaced in the horizontal plane for
side-lobe (i.e. co-channel) control that
you obtain no additional voltage gain
over that measurable with a single
stack of the array; although side-lobe
control does improve dramatically.

Indiv idual
Antenna
3 dB Beamwidth

Opt imum
Vert ical
Stacking Distance

75 degrees
60 degrees
50 degrees
40 degrees
30 degrees
20 degrees

0.8 wave space
1.0 wave space
1.2 wave space
1.5 wave space
1.95 wave space
3.0 wave space
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stuck near the field of the antenna will
cause problems. For this very simple
reason, few systems attempt to hans
YagiUda antennas direct ly on a towei
leg (i.e. antenna-to-mast climp directly
fg- th-e tower leg); because tfiis place"s
all of most of one half of the anienna
elements (i.e. 1/+ wavelength) inside or
behind or ahead of thJ tower face.
Even j fyou try Lo space yourself  above
or below a horizontal  tower support
member, you stil l have tower suppbrts
above and below the antenna-element
line that are well within the taboo ,.r/z
waue leng th field, re gion.,,
Rear Mounted Yagi

I f  the tower (plus the guys, etc.)  are
such potent ial  problems for the . , f ie lds
o l  rn l luence"  o f  yag i -Uda an tennas,
possibly there have been a few ,,tricks'i
d.eveloped by CATV to help nulli iy
these effects?

There have been. One is to utilize a
rear-mounted yagi. Such a yasi

mounts from the butt (reflector) end
and hangs suspended out in f"*t ;l
the.tower by itself. However, it is not
entirely by itself (see separate report
on SITCO rear-mounted'yagis in'thls
issue of CATJ), because virfuallv anv
pract icol Yagi design has a boom" suffi_
ctently long thaL the boom must some_
h.ow he s.upported at some point other
than at i ts very (butt)  "nd' .  Thr.  *"
rmmedrately have a dinqonal support
broce angl ing through"the anidnna
f ield.

Another "trick" is to not use the
{om^ed Yagi-Uda at all (except perhaps
in San Franeisco, where Dblan has'a
Uda stashed). Which brings us to thi
log or log-periodic antenna: an antenna
design that evolved out of the yaEi_
Uda (we can hear the dissent"".  io
that statement already!) fairly recent_
ly.

We'll tackl,e the log nert month.

Inexpensive Insurance-

The search-antenna requirement for
any CATV system is best explained
t lom l l ly iewpoint of  standby ieruice.
Any CATV system worth i ts"dB.s rec_
ognizes that what it has to offer to the
CATV-system customer is first and
foremost picture quality: consistent
picture qual i ty.  To achieve the desired
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quality of signal carriage, the system
spends very large sumi of rno.,'ey on
precrse antenna arrays, precise head_
en_d. electronics, and high-reliability
sol id-state CATV plant equipment.  

"

Yet any system is only as good as i ts
weakest point, when reiinbilitu is a fac_
tor overall. In the antenna/pieamplifi_

CATJ REVIEWS THE
JERROLDJ28S-X

SEARCHANTENNA

JERROLD J.283X
Not Your Basic Search

h



DTAGRAM 1

er / downline / fi ltering / processing
package, any individual component
may fail at any time. And as an Irish
gentleman named Murphy once ob-
served, "Anything that can go wrong,
will" (the famous Murphy's Lau). In
any CATV headend, virtually anything
can go wrong. And sooner or later, it
w i l l .

Naturally if you had giga-bucks
available, you could simply duplicate,
in spades as it were, every single piece
of everything in the headend, for the
eventual occurrence of Mr. Murphy's
Law. And in a very Iarge system com-
plex (the Vancouver for example), such
an approach might be very advisable.
But in the average system, such extra-
vagant duplication is out of the ques-
t ion.

If you were to rate the various ele-
ments in your system for vulnerability
to outage, the antenna array for each
channel would rank high, if not at the
top of the list. With normal system
design, an antenna array ends up being
for one channel, or in some situations
where you are reasonably close to the
transmitter sources, for two or three
channels (utilizing split outputs from
the antenna). And short of a devasta-
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ting wind or ice storm which damages
numerous individual antenna arrays,
outages that are related to the antenna
arra.ys are usually limited to a single
array at a time.

Seemingly, there is a very good ar-
gument for having some form of versa-
tile standby antenna system, one
which could, in a pinch, provide backup
service for a damaged antenna array
while repairs were being effected.
Such is the logic, or part of the logic,
behind a search antenna.

There is of course other logic to a
search antenna. For maximum effi-
ciency, the search antenna should be
(1) equipped with an antenna-rotating
device, and, (2) be atop the tower so
that it has a full 360-degree sweep of
the horizon without having to "look

through" the tower metal in any direc-
tion. The rotator is necessary because
you never know which direction you
may need to point the antenna to pro-
vide a signal backup for a downed an-
tenna. Additionally, rotating the
search is important because:

(1) The antenna makes an excel-
lent device for locating interfer-
ence from either co-channel sta-
tions or man-made electrical
sources;

i
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(2) In the event that new stations
come on the air, with the aid of
a search, you can do some pre-
l iminary off- the-air  s ignal- level
monitor ing as an assi i t  to de-
srgntng a permanent anlenna
installation for the new chan-
nel.

The logistics of providing a rotating
mechanism will be covered bv CATJ ii
the near future. Suffice it to sav at this
time that a $29.95 Alliance rotator is
seldom capable of the job.

- As the diagram shows (Diagram 1),
the J283X is not your ordinary-- lookine
an lenna.  I t  i s  a  log  des ign ,  and i [  doe i
cover one heck of a lot of spectrum
(channels 2 83). We shot severil photo-
graphs of the antenna in place, and
then decided that the drawing Jerrold
provides is easier to fol low [han a tvoi_
cal skyview shot of the antenna
mounted; ,  against an uncertain sky
coloring, that tends to lose the smaller
elements in the haze.

Jerrold does a couple of interest ins
th ings  w i th  the  J28gX.  The boom is .  b i
any standards, pretty short. And sincl
boomlength is a direct relative of gain,
you would expect the gain of the aiten-
na Lo be on t  he low side. Jerrold's spec_
sheel gain is shown in the box iniert
here. As pointed out in the companion
series on Antenna Basics, antenna
t,est-range measurements are frausht
with built-in dangers, especially wh'en
you are trying to uerifg absolute gain
ol a glven antenna. Even front_to_side
and front-to-back ratio measurements
are subject to great debate in antenna
circles, especially when your ,,test
range" is cluttered (as ours is) with
numerous other nearby towers.

Consequently, performance num-
bers for antennas are not and will not
b_e our bag. I.e., if Jerrold says that
this antenna has 6.4 dB gain at ihannel
over a reference dipole, then that is
what it has, as fat as u,te are concerned.

We will point out, however, that in
classical Yagi-Uda antenna design (re-
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JERROLD J283X SPECS

Gain Channels 2-6 . . . .6/7.0 dB
Gain Channels ?-18 . 10/11.0 dB
Gain Channels 14-50 . .6/7.0 dB
Gain Channels 51-83 . .6t/2.0 dB
Impedance . . . . . .75ohms, unbalanced
M a t c h .  . . . V S W R 1 . b : 1
Wind Load . .1Zb MpH
Front/Back Ratio

v H F . .  . . . . . . . 1 8 d 8
u H F . .  .  . . . . . 2 0 d B

3 dB Beamwidth
Ch's 2-6 . .20 degrees
Ch's 7-13 .45 deerees
C h ' s 1 4 8 3  . .  . . . . b 5 d e i r e e s

B o o m L e n g t h  . . . . . . . 9 2 i i c h e s
Turn ingRad ius  . . . . . 62 inches
We igh t  . . . . .Z }pounds
Nlaximum Mast Size . .2 inches
C o n n e c t o r  . . . . . . . . . . F
L i s t P r i c e  . . . . . . $ 9 0 . 0 0
Manufacturer-

Jerrold Electronics Corp.
CATV Systems Division
200 Witmer Road
Horsham, Pa. 19044

member lDis is a log) there is only so
much gain that can be squeezed out of
a,given length of boom, with optimized
"]"nl_lt-_lpacing. The boom length on
the J283X is 92 inches, which is"some-
thing less than the 102 inches (in free
space) of a half wavelength at channel
2.In fact, it works out to-be about g60/o
of one-half wave or iust over 0.4 wave-
length long at charnel 2. This would be
sufficient boomlength for a yagi of be-
tuteen three and four elemenls; and
our Antenna Basics series tells us that
such an antenna would have between b
and 7 dB gain over a reference dinole.
Seemingly,  the Jerrold people ,uud [he
same antenna reference material that
we do.

Jerrold uses an unusual ,,fan ele-
m_ent approach" to their log elements.
When you first open the 6ox, unless
you notice all of the elements at once.
the f i rst  one you pul l  out looks as i f  i [
were bent in shipping. I t  was not- i t  is
ln tact "canted upwards" at about 2b

i
I
I
I
I
I
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J 2 8 3 X  e l e m e n t s  b o l t  t o  s q u a r e  b o o m  a n d  a r e  n u m -
b e r e d  t o  m a t e  w i t h  c o r r e s p o n d i n g  n u m b e r s  o n  b o o m

degrees (or downward, depending on
where it mounts on which boom). This
is a trick that allows the antenna to
extend its bandwidth (ala the old coni-
cal antenna design in home antennas)
beyond normally achieved bandwidth
with a straight-tapered log approach.
It should contribute to the flatness of
the antenna in the gain-bandwidth de-
partment.

A search antenna is exposed, atop
the tower where it would normally
mount, to the worst kind of torture. It
center-mounts on an insulated plate
(logs are RF hot along their full boom
lengths, except at the backend, where
there is zero RF). We were pleased to
to find that our original suspicions
(that this would be a beefed-up, high-
price home antenna) u)ere totallA in-
correct. It is, in fact, considerably
more rug,ged than many "ruggedized

CATV antennas" which we have had
experience with.

Al1 of the elements are seamless
chrome-aluminum tubing with ends
sealed. The surface is coated with what
appears to be a treated process that
probably will protect the antenna
against reasonable amounts of salt
spray and atmospheric corrodants.

Coverage of channels 2-13 is accom-
plished through the basic longer log
elements. A rectangular reflector, op-
erating at the aft end of the twin
booms, is after the booms have been
"shorted" by a vertical set of metal
plates. Most logs employ zo reflector;
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passive, as it were, from the balance of
the "hot" antenna. Another interesting
twist by Jerrold.

The antenna also employs passive
directors (in the Yagi-Uda format) at
the very front region of the VHF sec-
tion. Apparently these directors make
up what amounts to be a three-four
element Yagi-Uda (gain) equiualpnt f.or
the top frequency end of lor.o band (i.e.
channel 6 or FM) and high band (chan-
nel 13).

The UHF portion snaps onto the
front (actually it bolts on), and it would
stand alone as a separate antenna. It
also utilizes the "bi-conical design" of
canting the elements in a fanned ap-
pearance.

The elements and the booms have
numbers, and except for duplicate sets
of elements marked with a 2, there is
no possibility of confusing which ele-
ment goes where. The feedline is en-
closed in the lower boom (which cre-
ates a decoupling network with the
coaxial-cable shield). The boom is large
enough for cable larger than 59/U
(such as 11/U, or some equivalent low
loss), although chances are the cable
you feed the antenna with will be
mated with a larger diameter alumi-
num jacketed cable for the down run to
the headend, belout the rotor, anyhow.
Thus the cable choice in a normal situa-
tion is a small consideration, if the run
from antenna to downline is fairlv
short .

R O D  T O  S U P P O R T
F E E D L I N E  A W A Y
FROM BOTTOM BOOI\1

-:
* E-.

DIAGRAM 2
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The antenna is light enough (20
pounds) and the boom/elemenlts are
short enough that we had no diffieulty
hanging it onto a rotor mast/stub witir
one man.

There is one caueat in instattntion.
As the antenna feedl ine comes out of
the lower boom at the rear of the an-
tenna, i t  should not be taped (or run
parallel) to the lower boom. That is,
exi t  out of  the boom at some resnect-
ahle t45 degree or belter)  angle, in e[-
fect "looping down" to the support
stub or rotor housing. If you tape the
feedline to the exterior of the lower
boom, or run it parallel and close to
same, your match will go to pot in a
hurry.  This sels up a new iounl ino
/ ielC between the "hot boom" and coa"-
ial cable shield, something to be
auotded. This may present somethine
ol 'a problem in some instal lat ions. Norl
mally the pipe stub that you stab into
the rotor atop the towei to hold the
search is purposefully short. you don't
intend to have a long piece of pipe

CATJ for

aboue the rotor, with the antenna
more than a foot ot so aboue the rotor,
simply because if you do, the wind
torque on the antenna creates a bend_
ing momentum on the pipe stub (mast)
which can bend (or breai) it out of lhe
desired vertical plane. yet if you do
not mount the antenna some distance
aboue the rotor,  you cannot aehieve
the desired angulnr exi t  of  the feedl ine
t'rom the lower boom to the mast/stub.
This is a situation where yo; ;;;
c.ursed^if you do, and cursed if you
don't. One solution (see Diagram Z) is
to instal l  a f loat ing non-metal l ic rod
jusl  below the lower boom, but above
the rotor, to maintain the proper exit
angle of the feedline from the ,.hot

loo3," and st i l l  provide a loop in the
teed l rne  lo r  an tenna ro ta t ion .

Jerrold is to be commended for pro_
viding the industry with a well-built,
sturdy search antenna that the aver_
age system can handle atop their tow_
er, and doing so at a price which the
average- system purchasing agent has
no trouble justifying.

t-
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Verrrry Interesting Approach

THE Q-BIT SX-0500
LOWNOISEPRE-AMP

USES NOVEL CIRCUITS

A PREAMP IS A PREAMP

Through the twenty-five-year his-
tory of CATV, there have been any
number of signal preamplifiers
brought to the marketplace. Many of
these have come from (relativelv
speaking) small companies trying tb
create their own niche in the CATV
marketplace. Some have succeeded,
and from the preamplifier success, an
entire line of CATV eq\ripment has
evolved. Others have attained momen-
tary success, only to be forgotten in
time as new developments and new ap-
proaches to signal pre-processing left
their designs antiquated.

A preamplifier is something that
virtually every CATV system opera-
ting in a TV wasteland can identify
with. The purpose of a preamp is clear-
ly understood by most, and perform-
ance is relatively simple to evaluate.
Simply place the unit (often a demo
unit from an eager new supplier) be-
tween the antenna and the processor,
and view the results. On an "A" or "8"

test, one is usually (1) worse than the
other, (2) equal to the other, or (3)
better than the other. Even non-tech-
nical types who don't identify with
noise-figure measurements, selectivity
curves, and signal-to-noise ratios can
quickly (and accurately) "look" at a TV
picture with "A" and "B" version pre-
amplifiers, and reach an intelligent de-
cision that one is the better of the two.

3B

And, because preamplifiers are rela-
tively inexpensive (usually in the 9100-
$200 price range), the amount of
money to be gambl.ed with a new-on-
the-market unit, to see if it |ust might
be as good as its makers claim, seldom
stops a really concerned operator from
testing a new device.

The current "state of the art" of
VHF signal preamplifiers appears to
be for a unit with 20-30 dB gain
(amount selectable for your needs), a
noise figure from 1.5 dB to 3.0 dB (low-
er is better), and either built-in selec-
tivity (to avoid overload or signal de-
gradation from off-channel signals)
and/or a high-output-level capability to
allow large input-signal voltagbs to go
through the unit, amplify, and not cre-
ate overload of the preamp.

The SX-0500 preamplifier from the
Q-BIT Corporation is new on the
CATV scene, within the past year or
so. Within the CATV industry not a
great deal is known about Q-BIT,
which may lead some to suspect that it
is a small operation on Florida's East
Coast. Itis not; the company has a fine
name in military and space communica-
tion systems, and is well thought of in
those respective circles.

The SC 0500's initinl appeal is the
price: it is rather dramatically Lou;er
than other preamps with similar gain,
noise figure, and selectivity (including

t
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DIAGRAM 1

output capabi l i ty)  specs. The $139
price tag is based upon your ordering
directly from the factory, and it in--
cludes a line-power supply that mounts
in the headend in the traditional fash-
ion.

If the price attracts initial attention.
it is the operational spees (when com-
bined with the price tag) that really
c-aplqe the interest. Seemingly, if
Q BIT can produce a unit with- these
specs (see box insert here), and the
unit uerifies the listed specs, then eith-
er Q-BIT has an edge on technology
that others with preamps in their line
could do well to emulate, or, a price
war on preamps is just around the
corner.

The circuit of the SX-0500 is untra-
ditional at best. First of all. it does not

J U L Y ,  1 9 7 5

use FET devices (field-effect transis-
tors); just when the CATV industry
had about decided that the FET was a
logical improvement over the older es-
tablished bi-polar designs for preamp
service, Q-BIT comes along with a few
new wrinkles on the bipolar transistor
in small signal (preamp) service which
questions over reverence for the al-
mighty FET.

See Diagram 1. This is a simplified
diagram of a portion of the SX-0500.
The input signal first sees a Siemens
device (more about that shortly), fol-
Iowed by a pretty conventional input
bandpass filter. This partfuulnr filter
would, standing by itself, have pretty
broad bandpass eharacteristics, mean-
ing that several channels either side of
the filter would make their wav
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SX-050O p reamp  i s  housed  i n  mas t -moun t i ng  hous -

.Xl  i l r l r ' ,  
board comes out  wi th three screws in

through the filter and into the first
active stage.

Now in an FET amplifier stage at
VHF, the most accepted design princi
ple is to ground the gate of the stage
(so-called grounded gate design) and
feed the signal into the source, extract-
ing the amplified signal from the drain.

In the SX-0500, which uses a bipolar
device for amplifcation, each amplifier
stage requires some form of neutraliza-
tion (that is, controlled feed-back) to
stabilize the stage and to prevent it
from "running away" with itself. As
the schematic shows, Q-BIT utilizes bi-
filar wound torroidal matching trans-
formers between stages, whictr- also al-
lows the designer to extract some of.
the stages output energy. This accom-
plishes the feedback/neutralization re-
quirement.

Where the SX-0500 apparently
bridges new technology in the CATV
preamp field is in their "bias transis-
tors" (Q1 in Diagram 1). There are
many cheap (i.e. inexpensive) ways to
set bias on a transistor. The purpose of
the bias is of course to place the opera-.
ting characteristics of the bi-polar in
the proper portion of its parameter-
window. A common way to effect bias
is to simply run a bias bus line and
voltage drop through a resistor. Or,
simply bias through a resistor to
ground. In either case, the bias re-
quirement has few component parts

40

S X - O 5 0 0  c i r c u i t  b o a r d  p o p s  o u t  o f  c a s e  e a s i l y ;  n o t e
S i e m e n s  d e v i c e  l o w e r  l e f t  o n  i n p u t  s i d e .

"tied up." But, in either case, enuiron-
mental changes (i.e. temperature, hu-
midity) can affect the bias voltage ac-
tually present to or at the transistor;
and as the bias changes, so change the
operating parameters of the bi-polar.
In fact, one of the easiest ways to
change the noise figure, overload
point, etc. of a bi-polar is to "swing the
bias" voltage present.

Perhaps this is the reason Q-BIT has
incorporated three bias-setting tron-
szslors into their preamplifier, one for
each stage of RF amplification. If this
is the rationale behind the unusual d,e-
sign approach, and if it works (we be-
Iieve it does, although our inspection
u.tas Limited to a temperature range
swing of 30 degrees F to 130 degrees
F), there may well be a new era of
preamp operating stability dawning
for CATV systems.

In addition to the unusual use of bia-
sing transistors there are a few other
wrinkles to the SX-0500 desisn that
are worthy of mention. The preampli-
fier is downline powered with 21 VDC.
The DC component should not be a
problem simply because at the low cur-
rent levels present (electrolysis nor-
mally requires fairly substantial cur-
rents). At the preamp on the output to
the downline, where the amplified sig-
nal is fed down the tower and DC oper-
ating voltage is picked off through an
RF choke to power the unit, the SX-
0500 has a zener device. This should
serve as a clamp on the DC power in

r
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line to prevent surges or spikes that
somehow couple into the downline at
the bottom from blowing something in
the preamp at the top.

We mentioned earlier that a Sie-
mens device is across the input. For
some reason, design people persist in
loading up the input circuits of pre-
amplifiers with various lightning "pro-

tection" devices. The Siemens is eom-
monly utilized; equally common are
back-to-back garden-variety diodes. It
is no fault of Q-BIT that they include it;
but we do wonder (aloud as it were)
whether anyone really knows just how
effective either a Siemens oi set of
back-to-back diodes are in this applica-
tion? Having experienced more than a
reasonable quantity of lightning-blown
preamps, it is our opinion (and labeled
assuch) that a very high percentage of
lrghtnmg-damaged preamplifiers get
z-apped from the bottom zp, through
the downline. This is based upon oirr
observation that in dozens of dozens of
units inspected, the most common
dam-age is to the output RF stages,
working backwards to (but often mis-
sing) the input stage. The RF choke in
the power-plexer (separating DC from
the RF) is more often than not cre-
mated beyond recognition, while the
IOO pI or .001 input coupling capacitor
is unharmed.

This is not to say that preamps do
not get their licks on the-input; it is

SX-O5O0 power  supp ly  inc ludes  two se ts  o f  vo l tage
tes t  po in ts  (da ta  sheet  inc ludes  comple te  ins t ruc-
t ions  fo r  c ross  check ing  un i t ' s  opera t ion  f rom tes t
p o i n t  v o l t a g e s )  a n d  - 1 6  d B  t e s t  p o i n t .

just to say that more often than not
(i.e. more thon 50o/o of the time) the
repairs required indicate the surqe
ca?ne up the downline. And when tLe
input gets zapped, well, as long as
there is ony form of direct capacitive
coupling (as opposed to inductive coup-
ling, such as is found in a Jerrold TpR),
well. . . no Siemens, back-to-back di-
odes, or anything else is going to shunt
the strike to ground before itblows the
input eircuit into the next county.

So we wonder why Q-BIT even
bothers to put the Siemens across the
input. Does it really serve any useful
purpose?

Operational Check

We asked Q-BIT for the loan of a
ehannel 6 preamp because we had a
companion project going with some
rear-mount SITCO five-element Yagis,
on channel 6. Before we asked Hanlel
Mead at Q-BIT for the unit for test, we
explained that the channel 6 we were
interested in was 94 miles distant and
would average minus 20 to minus lb at
the antenna. And to complicate life, we
had a *18 dBmV semilocal channel S
on the low-frequency side of the de-
sired six, and three FM stations be-
tween 92 and 96 MHz which averaged
*20 to *25 dBmV. Naturally, we
were concerned about preamp over-

' t i r a
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Q-BIT SX.OsOO SPECS

Frequency. . . . . . .Single channel, VHF
No iseF igu re  . . . . . . 2 .5dBmax
G a i n . .  . . 3 0 d 8
Bandwidth .6 MHz min
Ripple +/-03 dB max
Selectivity ..22d8 down, */-

9 MHz center
Dynamic Range . . . *55 dBmV output,

for -57 dBmV intermods
Input/Output . . . . . . . . . . . .75 Ohms, F
Match . . . .16 dB, input, output
PowerReq .  .  . .  .  .  .  .  . .100 mA, 21 VDC

(power supply included)
Devices . .8 transistors
Price . . $139.50

Source -

Q-BIT Corp., P.O. Box 2208,
Melbourne, Fl. 32901
(727-t8381

load and would not have blamed Han-
sel one bit if he tactfully suggested we
try another channel. He did, not.

Diagram 2 shows our measured re-
sponse curve of the SX-0500. The solid
Iine is the measured curve, while the
points noted along the dashed line indi
cate the "spec response" indicated by
the SX-0500 data sheet. Another way
to look at this is to compare the input-
and-outputJevel signals (i.e. before
and after amplification). We did this on
a few carriers available to us and found
the following for our channel 6 unit:

With nothing but a preamp and an
SLM, these are tests you can do your-
self without sweep gear to plot on a
piece of drug store linear graph paper
the response curve (i.e. selectivity) of
your own preamp.

With the assistance of an Anaconda
9952 Noise Generator and a 727 meter,
we compared the apparent noise figure
of the SX-0500 against another low-
noise unit on the market. The other
unit had a factory stamp of 1.7 dB noise
figure, and we found the SX-0500 to be
a few tenths cf a dB higher than the
compared-to unit. The difference, if
real, was not visible in an "A" 

/ 
"B"

test between the two units on the -20
dBmV input signal on our 94-mile path.

Then we connected the SX-0500 to
the search antenna and rotated the
search toward the local channel 5
transmitter (fortunately it lays off to
the rear and side of our normal channel
6 heading). We already knew that the
SX-0500 gain on channel 5 visual was
18 dB; the data sheet on the SX-0500
said that when we hit +55 dBmV ozf-
put from the SX-0500 we would have
intermod products down -57 dBmV.
With the search antenna rotated for
the first detectable signs of preampli-
fier overload, we checked the input
levels on channel 6 ;25 dBmV) and
channel 5 (+26 dBmV visual, +21
dBmV aural). Additionally, we had
several (six) FM band carriers in the 0
dBmV to *10 dBmV range. Naturally,
where the non-desired carriers fall on
the gain curue (i.e. how much level
there will be from them after amplifi
cation), and the quantitg of carriers
present (i.e. the voltage sum of the
carriers after amplification) will deter-
mine the point at which a specific unit
overloads.

Carr iev Frequency

67 .25  MHz
71.75 MHz
77.25 MHz
8 1 . 2 5  M H z
83.25 MHz
87.75 MHz
92 .50  MHz

104 .30  MHz

Thru SX-05O0 Gain

1 1  d B
1 1  d B
1 8  d B
3 0  d B
30 dB
30 dB
2 3  d B
1 0  d B

CONTEST COMING_AUGUST

The CATJ Reader Contest starts in July. Readers will answer one or more readership-quiz
questions on a CATJ provided questionnaire card, and be eligible for CATV equipment prizes
offered by CATJ and participating CATV manufacturers/suppliers. Make sure your subscrip-
tion is current!

F
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REARMOUNTED
YAGI-UDA ANTENNAS

FROM SITCO

Hang It Up

The Simplicity Tool Company (SIT-
CO) has been around the CATV scene
since shortlg alter Ed Parsons founded
the CATV industry in Astoria, Oregon
on Thanksgiving Day in 1948. Actually,
SITCO entered CATV in the winter of
1952, and the company introduced fac-
to ry - ready  quad-antenna ar rays  in
1954. SITCO says that more than 1,800
of these quad arrays are now in service
and that many have been in faithful
service for 15 to 20 years. Clearly,
SITCO has been around through the
thick and thin of CATV, and a lot of
CATV customers are viewing a lot of
pictures through their SITCO anten-
nas.

Most Yagi-Uda antennas, as our sep-
arate series on antenna notes, are cen-
ter-suspended from a clamp-to-mast as-
sembly usually located at or very near
the mechanical weight-center of the in-
dividual antenna. However, as our sep-
arate antenna series notes. anv time
you hang a Yagi-Uda in, near, or adja-
cent to a "foreign field of metal," you
run the risk of distorting the Yagi-Uda
receiving pattern (in both the V and H
planes). And you run the risk of "modi-

fying" the carefully constructed anten-
na impedance match so that u;hat is
supposed to be a 75-ohm antenna may
be anything but a 75-ohm antenna.

And, as we also note in our compan-
ion antenna series, one method of pre-
serving a measure of the original an-

J U L Y , 1 9 7 5

Chase Ghosts Away

tenna spec integrity is to mount Yagi-
Udas in such a way that they do not"pear around" or "through" foreign me-
tallic fields. In the case of (steel) tower
mounting, this means hanging the an-
tenna from the rear so that all of the
Yagi-Uda elements are out in front of
the tower steel members.

So the answer to this problem is to
hang the boom from the rear, and then
place a diagonal brace from above (or
below) the boom-to-tower mounting
point to the YagiUda boom, approxi-
mately half way out along the boom
length. But then you run smack dab
into the problem of the diagonal brace
having its own 30-45 degree angle) for-
eign-fiefd metal. And bang, there (the
book sags) go manA of the advantages
you picked up by rear-mounting in the
first place.

Actually, the diagonal brace, even if
metal, runs pretty much parallelLo the
boom of the antenna; and as such, it is
at a 90-degree angle with the elements.
So if there has to be a diagonal brace
(and there does for most rear-mounted
antennas of any gain/length), this is
probablg the Leost destructive location
for such a foreign-metal field.

A Kit

SITCO antennas come to you in a
fiberboard container, knocked down.
This saves plenty of money on ship-
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i n c h  f a c e  t o w e r ;  g u y  w i r e s  a r e  t o  b e  a v o i d e d !

ping, and it also saves you money (the
trade is f.or gour oun final assembly
time) for the antennas. All SITCO an-
tennas, regardless of whether they are
rear-mount, or center-mount, feature
pretty much the same construction for-
mat.

The antenna boom comes to you rn
one or two pieces (depending upon the
number of elements you order and the
channel). The element holes are pre-
drilled, and each hole is factorg out-
fitted with something SITCO calls the
screw-wedge fastener (which SITCO
has a patent on). This works in this
fashion. Taking the proper color-coded
element from the bundle and matching
it with the color code on the antenna
boom, you insert the element through
the factory-drilled hole and eenter the
element in the hole (so that equal
amounts protrude out of the boom on
both sides). Then you take a wreneh
and tighten down the nut on the screw-
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SITCO screw-wedge fas tener  secures  e lement  in
p lace  w i th  p ressure- f i t .

wedge fastener. As the nut torques
down, the patented curly-Q screw
swings into the element and binds or
bites it so that the element cannot
move or turn under pressure. It takes
about as long to tell you about it as it
takes to do it, and it is really a pretty
neat scheme.

The elements are 3/8 inch solid,
(6061-T6) aluminum rods, with I/2 inch
(OD) sleeves in the center where the
elements center in the boom. By utiliz-
ing solid-bar elements, SITCO gets
around the problems usually associa-
ted with open tubing (static buildup,
especially during precipitation), includ-
ing element fatigue under constant
heating, cooling, and wind. The solid-
bar element ends are rounded off ala
the theoretical dissertation that
rounded elements tend to improve sta-
tic voltage discharge.

The booms on SITCO Yagi-Uda an-
tennas vary in size from 1-318 inches
OD down Lo 7-l/8 inches OD, depend-
ing upon the number of elements and
the channel (bigger booms on lower
channels where antenna weight in-
creases). The result is a frightfuUy
Lightueight antenna. Four of the an-
tennas in a quad array for channel two,
for example, weigh in at 145 pounds, or
averaging 28 pounds per antenna equi-
valent in the array.

SITCO attacks the dipole elemen!
pretty much out of the textbook: they
utilize a "ratio dipole" where the
through-the-boom portion of the dipole

f
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b a l u n  t r a n s f o r m e r  m o u n t s  o n  a n -

element is 0.5 inches OD, while the
bottom portion of the dipole is 0.2b
inches OD. This results in a dipole that
internally transforms itself into a feed
impedanee of (we suspeet) approxi-
mately 150 ohms (balanced).

To turn this balanced relntiuelu
high-feed impedance into somethini
more closely approximating the Tb"_
ohm unbalanced characterislic trans-
mission-line impedance of a CATV
downline, SITCO utilizes something

U s e  a  g o o d - g r a d e  s e a l a n t ,  s u c h  a s  S i l a s t i c  7 3 2  R T V
a d h e s i v e / s e a l a n t ,  t o  c o a t  a l l  d i p o l e  c o n n e c t i o n s  a f .
t e r  a s s e m b l y ,

JULY,  1975

B a n a n a  p l u g  i n s e r t s  i n t o  O . 2 5 - i n c h  t u b i n g  f o r m i n g
b o t t o m  p o r t i o n  o f  d i D o l e .

they call an "'integrated balun trans-
former" (see photo). This device
mounts directly to the boom of the an-
tenna (with two metal screws), and it
has an unusual mechanical mating ap-
proach to the dipole element. Note (in
photos) that the lower or 0.25-inch por-
tion of the dipole has an ID (inner dia-
meter) which just slips over the bana-
na plug jacks protruding out of both
sides of the "integrated balun trans-
former" assembly. By this ploy the di-
pole attaches to the "transformer."

housed inside the aluminum case.
If the "connection" is not sealed at

the time of installation, sooner or later
moisture will seep into the fittine
formed by the ID of the dipole smallei
tubing piece and the OD of the banana
plug. This moisture will corrod,e the
banana-plug surface contacts, and this
will cut down on the amount of RF
(signal) transferred from the dipole to
the "transformer," 

and then io the
downline. This would of eourse cut the
effective "gain" of the antenna so that
eventually the antenna would have no

I
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(or negative) "gain" over a reference
dipole.

What Can Rear-Mount?

Basically, anyYagi-Uda can be rear-
mounted. The SITCO MA-s series
(lozo-band five-element Yagis) have
boom lengths that vary from 127
inches for channel 2 down to 71 inches
for the FM band. The SITCO CA FM
band series has a boom length of 146
inches; these are 8-element Yagi-Uda
antennas. The SITCO CA high-band
Yagi-Uda series antennas (12 ele-
ments) have boom lengths from 116
inches down to 97. All of these SITCO
antennas can,be rear-mounted with the
SITCO rear-mounting kits. The rear-
mounting kits consist of special boom
extension kits (to extend the boom
length backwards beyond the reflec-
tor), special boom to tower leg mount-
ing kits, and twin diagonal braces with
a tower leg mounting support, and
hardware.

Normally, with the antennas center-
mounted, the "F" connector on the in-
te grated balun transformer assembly
points touard the clamp that mounts
the antenna boom to the vertical sup-
port mast. However, it is a nice atten-
tion to detail with the rear-mounted
versions that the inteqrated balun
transformer assembly turns around so
that the "F" connector points to the
back of the antenna. This allows the
installer to route the feedline cable di-
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rectly toward the tower leg where
either his aluminum-jacketed feedline
is housed, or, to combining networks
when the antennas are used two or
more to a channel. This is a nice engi-
neering touch; it shows that somebody
at SITCO is either (l) responsiue Lo
field feedback, or, (2\ knouts from per-
sonal experience about some of these
little tricks that make a good antenna
design even better.

Performattce

The mechanics of measuring anten-
na performance are beyond CATJ,
simply because we do not have (few
do) the proper kind of antenna test
range, uncluttered with nearby metal-
lic fields.

However, we set out to compare on
an "A" and "B" basis the performance
of the SITCO MA-5 rear-mounted an-
tennas on two long observed over the
horizon signals.

With the cooperation of Axel Tyle of
SITCO, we chose to test a pair of
MA-5 2 (rear-mounted five-element
channel 2 Yagis) and another pair of
MA 5-6 (rear-mounted five-element
channel 6 Yagis). Both the channel 2
and 6 signals are in regular use at our
test location, over paths of 90-95 miles.
The reference antenna for channel 2 is
a ten-element popular-brand channel 2
Yagi; the reference antenna for chan-
nel 6 is the same popular-brand chan-
nel 6 Yagi.

The rear-mounted SITCO dual five-
element arrays were combined with
equal lengths of RG-59/U into a hybrid
combiner, and into low-noise single-
channel preamplifiers respectively on
channels 2 and 6.

Note that the total elements were
identical for both sets of anlennas: ten
elpments in all. In the reference anten-
na, they were all in line, while in the
SITCO MA-5 arrays they were five in a
line times two stacks of antenna.
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Loop 132 - Throckmorton
WEATHER SCAN
Hwy. Olney, Texas 76374 817-b64-5688

Go First Glass!
0,25 dB AGGuraGy.
WITH NEWLYPATENTED

F,S. Meter Galibrator
THE FASTEST KNOWN
METHOD OF CHECKING
F.S. METERS

Accomplished by a Super Flat
(4.5 to 300 MHz) White Noise Generator.
coupled with an instant CW Reference.

D e t e r m l n e  t h e  a c c u r a c y  o l  a n y  V H F  f i e l d  s t r e n g t h
m e l e r  o v e r  i t s  e n t i r e  l r e q u e n c y  r a n g e  w i t h i n  o n e  m i n u t e !
Y o u  c a n  m e a s u r e  g a i n .  l o s s  a n d  V S W R  p l u s  c o m p l e t e
s y s t e m  s w e e p i n g  w i t h  t h i s  p o r t a b t e  t a b  i n s t r u m e n i .

E a c h  u n i t  c o m e s  w l t h  i t s  i n d i v i d u a l t y  t r a c e d  r e s p o n s e  c u r v e .
Operates on rechargable batter ies and AC.

'Fanlasl ic l r6qu€ncy resDons€ 10.25 d84.5-300 MHz.

COMPABABLE ACCURACY CAN ONLY BE OBTAINED FOR THOUSANOS OF OOLLARS MORE
A v a i l a b l e  i n  C a n a d a  f f o m  C o m m  p t e x  E  e c t r o n i c s  L t d .

J U L Y ,  1 9 7 5 45



In their instructions for stacking two
(or more) MA-s antennas, SITCO
shows an approach that results in the
antennas being effectively I/2 wave-
length in free space apart. They pro-
vide a vertical support rod that con-
nects the front end of both antennas
together (see Diagram 1). The rods
provided simply limit you Lo l/2 wave-
length stacking. We had dtfficulty with
ratinnalizing stacking these antennas
that cl,ose together (we opted for 1 full
utauel,ength stacking in the vertical
distance between two same channel
antennas). Consequently, we did not
utilize the boom-to-boom support rod
provided by SITCO. This could result
in the antennas not being as structural-
ly sound us SITCO utoul.d. kke; and if
this "omission" worried someone in the
field (atrle utere not concerned), other
longer rods could be substituted of a
proper length to "make the connec-
tion" between bays.

Both the channel 2 and 6 signals
have always exhibited a slight (2S SO
dB down) trailing edge ghost with the
side-mounted antennas. We could nev-
er determine for sure that the reflec-
ted path signal was coming from the
towers on which the side-mounted ar-
rays are mounted, but u;e utere suspi-
cious. The ghost was always more pro-
nounced on channel 6, and the 42-inch
face tower the antennas are mounted
on would just naturally be more (i.e.
higher percentage) of a wavelength at
channel 6 than at channel 2. The ghosts
all but disappeared with the rear-
mounted MA-5 Yagi-Uda antennas, on
channel2. And on channel 6. with the
MA-5 antennas, they were noticeable
only when the signal level off the air
built up to 20-30 dB aboue the auerage
Leuels (for short periods during inver-
sions). This uery definite ,improuement
in monitor signal quality may nothave
been directly attributable to the rear-
mounted antennas, but it fits the gen-
eral theory for using rear-mounted
Yagi-Uda antennas in the first place.
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Frankly, we expected the two-stack
array to show from 1-3 dB improve-
ment in fade margins (i.e. we expected
the signals to average 1-3 dB higher on
the bottom of fades). We were not sur-
prised: this is what we found. We were
reminded of a particularly difficult
over-mountain-path in California of
some years ago where every conceiv-
able stacking configuration and anten-
na type had been tried to cut down on
rapid "pumping-type-fading" 

being ex-
perienced on channel 2, from San Fran-
cisco. Then, in 1966, we had finallv set-
tled on an 8-high array of five-elehent
Yagi-Uda antennas. They were
stacked down the tower at one-wave-
lenglh in[ervals to cure that problem.

Rear-mounted Yagi-Uda dntennas
are not new. Nor are they the right
antenna for euerA application (i.e.
when horizontal stacking techniques
are required for co-channel elimina-
tion). But where Yagi-Uda antennas
are to be utilized, and where vertical-
tower-mounting space ?s available,
they should, be seriously considered.

SITCO MA-5 SPECS
F o r w a r d G a i n  . .  . . . . . . 1 1 . 0 d 8
Front-to-Back .16.9 dB
Fron t - t o -S ide ( * )  . . . .  . . 18 .bd8
S d B B e a m w i d t h  . . . . . . . . . . 3 5 d e s r e e s
Weight

C h a n n e l 2  . . . . .  . 1 8 P d s . ( * * )
C h a n n e l 6  . . . . .  . 1 2 P d s . ( * * )

Boom Length
C h a n n e l 2 . . . . .  . . . . . . . . 1 2 7 "
C h a n n e l 6 . . . . .  . . . . . . . . . 2 9 "

Greatest Width
C h a n n e l 2 . . . . .  . . . . . . . . 1 0 8 "
C h a n n e l 6 . . . . .  . . . . . . . . . 7 8 "

Booms .t.25" x 0.058" thickness
Elements

Solid 6061-T, 3/8", l/2" sleeves
Pricing (with end-mount kits)

C h a n n e | 2 . . . . .  . . . . . $ 1 0 ? . ? 0
C h a n n e l 6 . . . . .  . . . . . $  9 3 . 3 0

*-Best Case
*x-Less end-mounting assembly
Manufacturer-SlTco, Inc., P.O. Box

20456, Portland, Oregon 97220 (503/
253 2000)

CATJ for



A NEW H/iGH 'N CATV PRE-AMP
PERFOR/T,IANCE!

There are many preampli f iers on the CATV
market; but very lew have been 'created'

specif ical ly for CATV. The 0-BtT SX-0500 is
an exceptr0n.

A preamp for CATV tower service must be
something special.  Low noise and low signal
distort ion are only two of lhe requirements.
It  must be rugged, rel iable and able t0 take
what nature has to dish out. And i f  i t  does
lai l ,  i t  must be easi ly serviced. The Q-BlT
SX-0500 preamps have been designed t0
meet these objectives. Send lor c0mplete
l i terature / specs and see what we meanl

SINGLE CHANNEL SX-0500 BB0ADBAND SX_0506
Noise  F igure ,  2  0  dB typ  No ise  F igure ,  3  5  dB typ .
Ga in ,  30  dB min  Ga in ,  22  dB min
b / w  ( 0 . 3  d B ) , 6  M H z  b / w , 5 4 - 2 1 6  M H z
B t rans is to rs ,  e l l ip t i ca l  f i l te rs  R ipp le ,  + / -  0 .5  dB
Pr ice-$139.50  pr ice  $35.50

G;
v l�* $s
n=bl

O-B IT  CORPORATION
P. O. Box 2208 Melbourne,  F| .32901
13051 727-1a38

l
0
E
tf

U T
l|RIIEGIl|F.
G U il:H"ff*rJx*i,*l=:,".:'ll;lfiHtr.ll#flifr

connector ,  you  ge t  a  who le  company.

0mmnu.tRc
E L E C T R O N I C S , I N C

s 1  s o u t H  a v E . ,
H O R S E H E A O S .  N  Y . l 4 8 4 s

PHONE rc7.739.38{

I

JULY,  1975 47



A n i x t e r - P r u z a n .  I n c . .  l ! l ( i : l  I  r s t  A v e  S  s c i l l  e  v / A  9 8 1 3 1  1 0 '
A v i i l r l i ) k .  f { r  3 l / ' r  f l O w e r s  A v c l r | 0  S ; i l r l a  C l t [ t  C A  ! ] 5 0 5 1  i M S t
B e l d e n  C 0 r p . .  E l e c t r o n i c  0 i v i s i o n ,  t l O x  l i l 2 l  R  L ; h n r o r r r i  l N  1 i 3 1 4  1 M 3 t
t l { l 0 A f i B A N 0  t N ( l l N t f B  N ( i  t u l l  8 l r 0  t ) l r i  l l x e  f l r l l r w , i y  [ , ] k i l  P r r k  F L  3 3 . 1 0 3  1 0 9 .  r e p l a c e m e n t  p a r t s i
B u r n u p  &  S i m s ,  l l 0 x  2 , 1 l l l  W  P ; t t n r  [ ] { r i t c l t  I  L  3 3 4 0 1  1 S 2 ,  S 7 ,  S 8 )
l , , 1 l r 1 . i ) \ f , l r f r , ,  f (  i r ( l l  I r ] ' l ) { , : t  { J v ( l  S |  S ; t |  [ r , | r { ] , , | |  ( l A  ( 1 , 1 f ) 8 0

C A B L E  N E W S .  2 8 2 8  N  l l { i l l r  S l f i t e l  P h 0 c f  x  A 1  8 5 0 0 8  1 5 6 l
0 0 r r 0  ( l r | r i l r r f r r i r l r 0 f  P f 1 ) { l r r l s  H , i  s  l v l  R 0 ; r d  f  r t : I h o l r l  N . l  0 / / 2 1 1  i l v l 3 .  M 5 .  M 7 )
{ 1 0 [ / [ 4 / S ( ] 0 P t  0 0 M P A N Y  P  ( l  f l | x  2 , 1 ( ] t j  i l  r : k o r v  N [ ]  2 8 { j 0 t  1 M 3 r
J e r r y  C o n n  &  A s s 0 c i a t e s , ' ) 1 ) 0  ( i e ! e a f d  A v e  ( l h , i l l r l ) { t r s t ) ! f ( 1 .  P A  1 / 2 0 1  1 0 3 , 0 5 . 0 6 .  D 7 l
C - C 0 8  E L E C T R 0 N I C S ,  I n c . ,  ( j ( l  l ) { t c  l l e  R d  S l ; t l |  [ ] 0  e ( t e  P A  1 i j 8 0 l  l l v l l  l
D A V C 0 ,  l n c . .  I r ( l  l l o r  8 6 1  B i t l c s v l e  A f l  7 2 , 1 0 1  t D 1 .  5 1 ,  5 2 ,  5 8 )
l ) t  V l l " l l  S  I r r r  e r s  &  A 0 c e s s 0 r  c s  ( i r r f l v  e  P A  I  / l ) 2 8  i M 9 .  c a b l e  t r a i l e r s l
E N T R 0 N .  I n c . ,  7 0  3 l  8 4 1 h  S t f e e t  ( j e f d l l c .  l \ ) \  1 1 ? 2 7  { M 4 ,  M 5 .  0 4 ,  0 5 ,  S 8 )
r l l ^ \ [ / ( ; ( ]  f l l l L l i i l R r t  S  l i ( l  t J t  /  [ ] 0 r  S t  I t ! : i e  e  N , l  0 / 2 0 3  l M 5
J E B R 0 L D  E l e c l r o n i c s  C 0 r p . .  2 0 0  W i t i l r e r  R . n d  H O r s h a m  P A  1 9 0 4 4  ( M 1 ,  l v l 2 ,  M 4 ,  M 5 .  I v l 6 ,  M 7 .  0 3 .  D 8 ,  S ' l  ,  S 2 ,  5 3 ,  S 8 r
K a V  I e r n e l r ] c s  C 0 f p .  1 2  M a o e  A v e n ! e  P n e  B r o o k  N J  0 7 0 5 8  t l v l 8 r
M i c r o w a v e  F i l t e r  C o . .  6 / 4 3  K  n n e  S 1  U 0 x  1 0 3  E  S y r a c u s e  N Y  1 3 0 5 /  ( M 5 ,  b a n d p a s s  l i l t e r s )
M I D  S T A T E  C o m m u n i c a l i 0 n s ,  I n c . .  P 0  B 0 x  2 0 3 .  B e e c h  G r o v e .  t N  4 6 1 0 7  t M 8 )
Pr r r  Occrnr  I  r ] | l r0 |  r i s ,  P  0  Bax  42 /  PaL lohkeeps e ,  Ny  j2601

0 E  M a n u l a c t u r i n g  C o . ,  B o / . 2 ? 7  N e u /  B e r i f  P A .  1 7 8 5 5  ( M g ,  t o o l s  &  e q u i p m e n t )
R M S  C A T V  D i v i s i 0 n . 5 0  A n l r r  P a . i e .  B r o n x .  l , l Y  1 0 4 6 2  ( M 5 ,  M 7 ,
T E X S C A N  C o r p . ,  2 4 4 6  N  S h a d e a f d  A v e .  l n d i a n a p o l s  N  4 6 2 i 9  ( t v l 8 ,  b a n d p a s s  t i l t e r s )
T h e t a - C o m .  P  0  B a x  9 7 2 ' d  P h 0 e n i x .  A Z  8 5 0 6 8  t M ' l  ,  M 4 .  M 5 ,  M 7 ,  M 8 .  S 1 ,  S 2 ,  5 3 .  S 8 .  A M L  M i c r o w a v e )
T i m e s  W i r e  &  C a b l e  C 0 . , 3 5 8  H a l  A v e n u e  W a t  n q l 0 f d .  C T  0 6 4 9 2  ( M 3 )
T 0 N E B  E q u i p m e n t  C o . , 4 l B  C a r e d e a n  D f l v e .  H 0 r s h a m  P A  1 9 0 4 4  l D 2 , 0 3 . 0 4 .  D b ,  0 6 ,  D 7 t
W A V E T E K  I n d i a n a .  6 6  N  F r r s l  A v e  .  B e e c h  G r o v e  l N  4 6 j 0 /  ( M 8 )

N0TE:  Supp er  a r0as  a fe  keyed a l  lhe  end 0 f  each is t  nQ,  as  10  tows

Distr ibulors:

f ) l  F r  |  0ATV  equ rp rnen l  l i ne
D2  CA IV  a I l e f nas
l l3 UATV cable
l l4 CA IV amp t f  iers
DI CATV passives
I){ : j  0ATV hardware
0 /  CA IV  con fec l o r s
{ lB CATV lesl  equipnler t

M a nulaclu rers:

lV l  Fu  I  CATV  equ rpmen l  I  ne
M2  CATV an lennas
M3  CATV cab  e
M4 OATV amp l iers
M5 CAIV passives
MG CATV ha fdwa fe
N//  0ATV confectors
N4B CATV lesl  equ pmenl

Service Firms:

Sl  0ATV cor l faot lnr l
S2  CATV cons tTUc l ro f
S3 [ ]ATV l inafc ina
54 0ATV sol lware
S5 CATV bi  l ing serv ices
S( i  CATV put t  shrnq
S /  CATV d rop  I ns ta  l a t r on
SB CATV eng neer ng

A N I X T E R - P R U Z A N  C O M P U T E R I Z E S  -  T h e
n a t i o n w i d e  C A T V  s u p p l y  d e p o t s  o f  t h e  A n i x t e r -
P r u z a n  o p e r a t i o n  h a v e  b e e n  b r o u g h t  i n t o  t h e  m a g i c
a g e  o f  c o m p u t e r s  a n d  o n - l i n e  d i s p l a y s .  O r d e t s  a r e
n o w  b e i n g  p r o c e s s e d  b y  A - P  t h r o u g h  a  c o m p u t e r

l o c a t e d  i n  t h e  S k o i e ,  i l t i n o i s  h e a d q u a r t e r s
o f  t h e  p a r e n t  c o m p a n y  A n i x t e r  B r o s .

T h e  c o m p u t e r  a p p r o a c h  t o  p r o c e s s i n g  o r d e r s
w i l l  a s s i s t  a l l  A - P  o f f i c e s  i n  l o c a t i n g  e x a c t  l o c a -
t a o n s  o f  e q u i p m e n t  r e q u i r e d  b y  t h e  C A T V  i n d u s -
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t r y ,  t h r o u g h o u t  t h e  n a t a o n w i d e  g r i d  o f  A - P  w a r e -
h o u s e  f a c i l i t i e s .  A l l  f i v e  d i s t r i c t  A - P  o f f i c e s / w a r e .
h o u s e s  f e e d  i n t o  t h e  c o m p u t e r ,  a n d  i n  t u r n  o r d e r s
f o r  e q u i p m e n t ,  s u p p l i e s  a n d  p a r t s  f e e d  i n t o  t h e
m a c  h  i n e .

I n s t a n t  i d e n t i f i c a t i o n  o f  s u p p l y  l o c a t i o n s ,  a s
w e l l  a s  i m p r o v e d  a c c o u n t i n g  p r o c e d u r e s  r e s u l t
a n d  A - P  p r o m i s e s  t h a t  t h e i r  a l r e a d y  f a s t  s e r v i c e
w i l l  b e  e v e n  f a s t e r  n o w  w i t h  t h e  a d d i t i o n  o f  t h e
c o m p u t e r  t e c h n o l o g y  a n d  t e r m i n a l s  a t  w a r e h o u s e
l o c a t i o n s .

CATJ
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BULK RATE
U.S. POSTAGE

PAID
OKLA, CITY, OK.
PERMIT NO.  919

List every microwave system
accepted by FCC for

Local Distribution Service.

2
3

l. 4mL

That's al l  folks! AML is the only operable system
current ly  permissib le for  LDS appl icat ions.

Other reasons to go to AML: 6 MHz bandwidth
41 channe ls .  (FML l im i ted  to  20 . )  AML equ ipment
inherently less expensive. AML receivers may be
outdoor mounted.

Theta-Com AML performance wins hands down,
f  i rs t  choice for  commercia l  serv ice,  for  years.

AML uses standard VHF inputs and outputs.  No
need to add video baseband modulators and
demodulators.  Phase- locked operat ion avai lable.
And Theta-Com's unexcel led del ivery record,
typical ly  30 day ARO.

Only one system is accepted by FCC for  LDS.
That 's  AML. And that 's  Theta-Com !

Call us tol l-f  ree at 800-528-6048. Today.

TH€TA-COM'-
A Subsid iary of  HUGHES AIRCRAFT COMPANy
P.O. Box 9728/Phoenix, Arizona 85068
Or contact your nearest Theta-Com sales representative.
ln  Canada,  AML equipment  is  d is t r ibuted by
Welsh Communicat ions Company.

t




