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o new stondord of excellence

There's o new slondord for perfecl ion in signol processing-Jerrold's
Commonder l l l ,  o compotible fomily of heterodyne processors, mod-
ulofors ond occessories. Feolures include I I  group-deloy equolizotion
trom edge-to-edge of the video-informotion possbond insures pertect
p ic tu res  t - l  inc remento l ,  hormon ic  o r  s ing le -chonne l  phose lock
t I  bui l t- in lF switching for signol replocement/emergency olert l l  100%
crystol control led for moximum stobi l i ty of broodcosl-quol i ty signols.

Commonder l l l  performonce includes i l  spurlous-oulpul chqrqc'
l e r l s l i c s :  - 7 0  d B  f r o m  5 l o  3 5 0  M H z  o t  6 0  d B m V  o u t p u l
Ll odJocenl-chonnel selecl lvl ty: -60 dB reject ion of odiocent chon-
nels; suitoble for CATV hub processing u lnPuf-overlood perlor-
monce: -80 dB or better intermod for odjocent chonnels, eoch of 10
dBmV; -80 dB or better cross-mod with ony number of chonnels, eoch ot
1 0  d B m V  i l  n o i s e  f i g u r e :  5  d B  l o w - b o n d ,  6  d B  h i g h - b o n d '  9  d B
UHF I I  colr ier- lo-noise rot io: 60 dB C /N ot1 0 dBmV VHF; 57 dB C/ N ot10
dBmV UHF : l  lhoroughly l leld lesfed.

For comolete informotion, contocl YOUR MAN FROM JERROID or col l
or wri ie us to request the new Commonder l l l  bul let in.

JtpROtD EUCTPONTCS COPPORATION/CAW Syslems Divis ion,200 Wlmer Pood/HoEhom, Po. l9(X4. (2 '15) 674' lA00

SOUTHIRN OFf lc t  1  Permel6 '  P loce  9ur re  101 A i lon io  Georgro  10319 ( !041 !32  3102

MIDWStrRN OfHCt  1334 a l lonnc  Avenue N (onso!  Cr ry  Mo &116 1616)  042 1110

MSI IRN OFt lCt  1255 ve ie 'ons  &vd Peeood qry  &r l  94063 la ls l  365 5200

CANADA Jeno ld  Qnodo lo .  So les  ond 5€ 'v rce

JERROLDEI
o GENERAT NSTRUMENT compony
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We have enough fa i th in our products,
our people and our customers to put  i t  in
wr i t ing.  Not just  a warranty,  but  a wr i t ten
performance guarantee.  The only one in

the industry.  When you buy the Super-
Connector, the SuPerwarrantY

comes wi th i t ,  for  no addi t ional  charge.
We tell you what You can expect and

guarantee that  You' l l  get  i t .

We th ink th is is  the way everybody
should do business.  Someday maybe
everyone wi l l .  Meanwhi le,  isn ' t  i t  n ice to
know that  somebody th inks enough of  their
product  to Put  i t  in  wr i t ing?

We also say this: You can paY a lot more
lor vour connectors. You can t buY a
better connector.

Cambridge. The SuPerconnector'

Gambridqe
ProductJ

101 Foley St ,  Sommervi l le.  Mass 02145 (6171 666-3343

Ai lanta, Ga. .  Simr Val ley Cal l l  .  Toronto, Canada
I n  E u r o p e :  H - G  D  l t a l r a .  C l s t e r n a  D i L a t i n a ,  l t a l y

A subsidiary ol Cambridge Screw CompanY, a Hi'G Company
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Everyone has  l igh tn ing  prob lems.  V i r tua l l y  th is
entire issue of CATJ is devoted to the problem

and i ts  cures .  Hopefu l l y  you  w i l l  learn  a  few
new th ings  about  the  so lu t ions  th is  month !



CATA ASSOCIATE MEMBERS

Early in January the Community Antenna
Television Associat ion (CATA) announced an
"Associate Member Program" for the indus-
try's suppliers. The program is an important
one, and deserves some explanation because
we al l  (operators and suppliers al ike) have a
very vital stake in the coming events of the
new year.

When CATA was initially formed, there was
some discussion of bringing the manufactur-
ing and supply portions of our industry into
the activities of CATA. We were told by sev-
eral influential people in the industry "NCTA

has an associate group. You should too." But
at that t ime, the CATA Board of Directors
thought otherwise. The NCTA had a lot of
things of which CATA wanted no part, and the
many hundreds of dol lars which they charge
for an "Associate Member Plaque" is one of
those things.

The CATA Associate Program is tai lored
exclusively for suppliers to the industry, and
was announced in a brochure mailed to all
known suppliers in early January. It wiII
work in this manner:

(1) Industry suppliers have goals similar
to those you have, as a supplier of tele-
vision signals from your community-
master antenna. They str ive to supply
one or more pieces of equiPment, or
one or more services, which result in a
profit to them.

(2) Any associate program by CATA,
NCTA, or anyone else (including state
or regional associat ions) has to recog-
nize that without profits, the supplier is
dead, just as you would be i f  your com-
munity antenna turned unprofitable for
you.

An associate program at any level that
charges suppliers for the privilege of belong-
ing to an organization must make some tangi-
ble returns possible for the supplier. A tangi-
ble return means a profitable return.

A wall plaque is not a tangible return, nor is
making "Associate Membership" a pre-
requisite to renting display space at an asso-
ciation gathering really fair, unless the
"Associate Membership" is in truth nothing
more than a thinly disguised "entry fee" to
the gathering's display floor. If that is what it
is, then why should one company pay $350 for
an entry fee, and another company pay two or
three t imes as much simply because the sec-
ond company has more employees, or sel ls

4

KYLE D. MOORE. President of CATA, lNC.

more dollars of equipment per year to the
industry? Yet, that is what the NCTA does to
suppliers. They require "Associate Member-
ship" before a firm can display at the NCTA
annual show (or at previous EXPO shows).
The annual "associate member fee" is based
upon company size; the bigger you are, the
more you pay to "belong". In addit ion to this,
everyone who "belongs" pays very large fees
for the rental of "floor display space" at the
NCTA shows.

The CATA Associate Member Program tlif-
fers in these respects:

(1) The annualfee is the same for al l  com-
panies, regardless of size.

(2) I t  is a reaqlnable fee-$150 per year.
(3) Membership is for 365 days, beginning

on the date the membership appl ica-
tion is received, not for a calendar
year .

(4) There are direct returns to the suppli-
e r :
(A) He receives an advert ising rate
reduction for all advertising space he
utilizes in CATJ.
(B) He is l isted monthly in a new
..CATA ASSOCIATE MEMBER ROS-
TER" which wil l  appear in CATJ in
March, and thereafter. Need we sug-
gest that when you are considering
dealing with suppliers, that you check
the Membership Roster for a list of
f irms that support CATA?
(C) He receives the use of a new sec-
tion to begin in CATJ in March entitled
"ASSOCIATE'S SHOWCASE", where
we will report on new pieces of equip-
ment and services offered by CATA As-
sociate Members-
(D) He receives many more direct
benefits, the yearly total of which far
outweigh the modest annual associate
membership fee.

In short, the supplier gets a return on his
money. This means he makes a profi t  on his
associate membership investment.

If this industry is to regain its strength, it
must have strong suppliers. The CATA Asso-
ciate Member Program is our way of helping
our suppliers regain some strength, and re-
main that way. I f  we are to stay in business as
operators, we need to keep them in business
as suppliers. Yes, their profits come from us
as operators, but our profits as operators
come from their oquiprnent antl services.

CATJ for



YOU NEED BOTH...
HIGH RFI INTEGRITY IN THE TAP
AND IN YOUR CONNECTOR.
MX.37OO TAPS
are 99-62 1100%
Great!
.  S ince day-one,

MX-3700 aer ia l
/pedestal taps
nave proven
99-62/100%
re l i ab le  i n
serv ice.

o Tota l ly  r f i /emi
proof as independently tested;
cast-in r-f walls offer seven
90o turns to r f i ,  p lus metal -
to-metal contact.

.  Remove and replace tap mod-
ule over  50,000 t imes wi th no
disconnect ion or  snaD-term-
inal  d is t ress.

o Values every 3dB in two and
four-way conserves your  s ig-
nal ,  guards your  tap spec '  and
wtnoow.

o Tru ly  weatherproof  v ia 'great
f i t  o f  non-porous a l loy par ts ,
weather-seals in  channels,
SealPortTM connector bosses
fo r  sh r i nk  sea l i ng .

Put a little Greatness
In Your System now!

Cal f  Tof f -Free:  From the East  (800)448-9121/From the West  (800)448-
5 t / l

Caf l  Cof fect :  In  New York (315)  682-9105/ ln Texas (214)  620-0298/ ln
Cal i forn ia (213)  320-9705/ ln Ontar io (416)  661-9797/ ln Quebec (514)
334-291 9

IVlogrtcr\tcD)x.
catv  d iv is ion

100 Fairgrounds Dr ive,  Manl ius,  New York 1 31 04

r  T h e  U  n  i v e r s a l  F e e d - T h  r u ;
only  two s izes serve a l l  major
cable types.  UFf-4 br  .412,
UFT-S for  .500.

.  Great  co ldf  low res is tance v ia
bui l t - in  mandrel ,  capt ive fer-
ru le;  no par ts  to drop.

.  Easy inser t ion of  chamfered
steel  mandrel  wi thout  dam-
age;  cor ing tool  use e l imi-
nates guesswork.

o Double crosscut  ferru le oos-
i t ive ly  prevents cable pul lout
and rotat ion.

.  Huge weather  seal  in  ant i -
t e a r i n g  c u p ;  o n e  f u l l - s t o p
rorque nur .

MaKe the MX-UFT
Connection Today!

OUR MX-UFT
Feedthru never
loses its grip!

HF$**#
MX-3700 Taos:
instal l  'em and
forge t 'em.

Mv

r
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CAPTI(]NS

Thanks a lot FCC! There is a growing amount of concern 0n the part o{ system operators over the " instruct i0ns"

community leaders are receiving from the FCC about "how to handle CATV franchisees and applicants". IVlany system
0pera t0rs  have g0ne (and are  go ing)  to  the i r  c i l ies  t0  ask  lo r  mod i f i ca t ions  in  the i r  f ranch ises ,  s0  the  f ranch ise
ins t rument  "cornp l ies"  w i th  FCC requ i rements  in  advance o l  1977.  l vany  c i t ies ,  unders tandab ly ,  a re  confused and a
l i t t le  leary  o f  a  who le  new se t  o f  un fami l ia r  Wash ing ton  mandated  regu la t ions ,  when they  are  de l i vered  t0  the  C i ty  by  the
CATV opera tor .  So,  they  do  the  na tura l  th ing- they  ins t ruc t  the  C i ty  A t to rney  t0  " lo0k  in to  the  rna t te r " .  The rub  comes
when the  C i ty  A t to rney  contac ts  the  FCC (Cab le  Bureau)  and ends  up  ge t t ing  reams 0 f  da ta ,  " ins t ruc t ions" ,  and l i s ts  0 f
th ings  h is  c i ty  can  and can ' t  d0 .  He a lso  ge ts  a  bushe l  basket  0 I  " f ree  adv ice"  f rom re fo rm-minded Cab le  Bureau
at tOrneys  t ry ing  to  make the i r  mark  0n  the  wor ld .  The c i t ies  end up  very  c0nfused,  and many opera tors  repor t  re la t ions
w i t h C i t y H a l l h a v e f a l e n t o a n a l l t i m e l o w b e c a u s e F C C a t t o r n e y s a n d " i n s t r u c t i o n s " p l a n t t h e ' s u g g e s t i o n " t h a t t h e
CATV operator needs to be closely regulated and watched. One operator became so disgusted after 0perating in his town
twenty  years ,  he  w i thdrew h is  app l i ca t ion  fo r  f ranch ise  amendment  and to ld  h is  c i ty ,  "T0  he l l  w i th  everyone bu t  my
cus tomers .  They  deserve  good serv ice  and they  w i l l  ge t  i t ,  bu t  as  fa r  as  the  FCC is  concerned.  they  can go  c  imb a
po1e l  "

What  about  re - regu la l ions? Can we expec t  any  mean ing fu l  changes,  re laxa t i0n ,  0 r  improvements  in  the  FCC's
hel l  bent 0n destructi0n-0{-CATV regulat0ry cl imate? l \ ,4osl observers feel that Chairman Wiiey s brash statements
ab0ut  re - regu la t i0n ,  and want ing  t0  " f ree  up"  need less  regu la t ions  and paperwork  f0 r  smal l  sys tems w i  I  tu rn  0u t  to  be
ius t  po l i t i ca l  bunk .  Dozens 0 l  opera lo rs  have commented recent ly ,  " l f  we are  g0 ing  t0  tu rn  th is  s t inken mess  ar0und,  i t
w i l l  have to  be  th rough Congress .  "  There  is  an  a l l  t ime low con l idence leve l  by  CATV in  the  FCC's  ab i  i t y  t0  d0  any th lng
{0r  anyone bu t  b roadcas ters ,  and as  long as  the  h igher  (Federa l  D is t r i c t )  c0ur ls  c0nt inua l l y  acqu iesce t0  ihe  "exper t i se

on the  FCC" ,  when you drag  the  FCC in to  c0ur t  to  ques t ion  the i r  au thor i ty  in  an  area  such as  CATV,  the  cour ts  (be low
the h igh  c0ur t )  d0n ' t  ho ld  much hope.

Canad ian  cour t  ho lds  U.S.  TV s igna ls  pub l i c  p roper ty .  Jus t ice  Ar thur  Thur low o l  the  Federa l  Cour t  o f  Appea ls
(Ot tawa)  has  ru led  tha t  U.S.  TV s igna ls  (0 r  rad io  s igna ls )  " in t rud ing  on  the  Canad ian  a i rwaves"  have no  r igh ts  in
Canada.  ln  a  case brought  aga ins t  Rogers  Cab le  TV L td .  o f  Toronto ,  U.S s ta t ions  WGR,  WBEN,  and WKBW (Buf fa lo )
s0ught  t0  end the  Rogers  p rac t ice  o l  "de le t ing  commerc ia ls  0n  the  s ta t ion  s igna ls  be lo re  d is t r ibu t ion  in  T0r0nto ,  and
subst i tu t ing  loca l  messages in  the i r  p lace"  The Canad ian  vers ion  o I  the  FCC,  the  CRTC,  had ru led  in  1972 tha t
Canad ian  CATV sys tems cou ld  and shou ld  de le te  u .S .  comrnerc ia l  messages "where  they  were  equ ipped l0  d0  s0  ,
and either substi tute l0cai publ ic service messages, 0r arrange with Canadian TV lrroadcasters f0r the atter t0 sel
replacement commercial t ime. Canadian broadcasters have been concerned that as CATV expands in Canada (some-
th ing  l i ke  30% of  a l l  Canad ian  homes now have CATV)  tha t  la rge  adver t i sers ,  such as  Coca Co la ,  wou ld  cu t  back
Canad ian  s ta t i0n  adver t i s ing  on  the  theory  tha t  U.S.  s ta t ions  a l ready  car ry ing  the  adver t i s ing  wou d  reach the  aud iences
anyhow.  The Canad ian  cour t  ru l ing  has  drawn mixed rev iews,  f rom broadcas ters  in  Canada who we lcome the  dec is ion ,
to Canadian CATV operators who fear thal commercial delet i0n may now become mandatory for them with the attendant
r i se  rn  the i r  cos ts .

0ne man can tu rn  lhe  t ide l  l f  you  ever  ge t  the  fee t ing  tha t  end less  wr i t ing  o f  le t te rs  t0  C0ngressmen.  FCC o f f i c ia  s ,  the
Pres ident ,  and so  on  is  a  use less  func t ion ,  th ink  aga in .  One le t te r ,  wr i t ten  by  CATV p ioneer  J im Y.  Dav idson o f  L i t t le
Rock  to  the  FTC (Federa l  T rade Commiss ion)  cha i rman,  found i t s  mark .  Based upon Dav idson 's  le t te r  and h is  book le t .
"The 1n jus t ice  0 f  A  D is to r ted  lmage" ,  the  FTC has  dec ided tha l  CATV is  ge t t ing  a  bad dea l  a t  the  FCCI  The Cha i rman o f
the  FTC has  d i rec ted  h is  peOple  t0  inves t iga te  the  FCC's  hand l ing  o{  CATV,  and make recommendat ions  on  how the  FTC
can he lp  our  s t rugg l ing  !ndus t ry .  Wel l  done,  J im!

Check  ou l lh0se ru rnors !  Ever  s ince  Do lph in  fo lded in  December ,  v i r tua l l y  every  day  br ings  a  new rumor  ab0ut  CATV
nranufac turers  'go ing  under " .  V i r tua l l y  a l l  have had b ig  shake-ups ,  many key  personne l  have been moved or  rep laced.
Even the  b ig  boys  have pu l led  way back ,  shu t  down produc t ion  l ines ,  and a  coup le  have rep laced the i r  en t i re  sa les
s ta f fs  f rom top  t0  bo t tom.  Le t ' s  face  i l ,  l imes are  bad lo r  equ ipment  supp l ie rs .  But  most  a re  in  the  bus iness  to  s tay ,  and
jus t  because you hear  tha t  personne l  have le f l ,  o r  a  p roduc t ion  fac i l i t y  has  been shut  down.  don ' t  immedia le ly  assume
the company is  lo1d ing .  Any  smar t  bus inessman makes ad jus lmen ls  in  h is  opera t ion  when th ings  ge t  rough.  He l00ks
for  a  new key  to  tu rn  sa  es  around,  0 r  fo r  a  be t te r  sa les  team.  Le t ' s  no t  tu rn  the  indus t ry  in to  a  rumor  mi l l .  Be fore  you
pass  a  s to ry  on ,  check  i t  ou t l
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Late word on 35 Mile Rule. When Chairman Wiley's C0mmission did nol vote on the relaxation ol the Grade B c0n10ur
non-dup l ica t ion  pro tec t i0n  requ i rements  January .10 th ,  as  they  had agreed to  do  back  in  December ,  many CATV
observers Jelt  that the Charrman had knuckled under to the broadcasters one more l ime. l t  now aooears that this is
exactly what happened, thal in fact the Rocky l \40untain Broadcasters Associal ion was successlul in a last minute elfort
t0  ta lk  the  Cha i rmah in to  ho ld ing  a  new round o f  "0 ra i  Arguments"  on  the  mat te r .  Word  f  rom lhe  Commiss ion  rs  tha t  the
0ng ina l  December  rn lo rmal  Commiss ion  agreement  (knock  back  non-dup requ i rements  lo  35  mi les ,  a l low s imu l taneous
snowing oJ priori ty stat ions on blacked 0ut channels, and raise the exemption from non-dup system size from 500 to
750 subscr ibers )  i s  no t  dead,  bu t  tha t  i t  w i l l  no t  be  approved in  tha t  fo rm.  l t  i s  be l ieved tha t  a  new round o f  "number

games"  i s  l i ke ly .  and a t  p ress  t ime the  bes t  guess  is  tha t  we may see the  fo l low ing  happen:  (1 )  The Rocky  lV0unta in
area  w i l l  s t i l l  be  s ing led  ou t  fo r  spec ia l  t rea tment .  (2 )  in  the  top  50  marke ts ,  the  n0n-dup requ i rement  w i l l  be  cu t  back  to
35 mi les ,  (3 )  in  the  nex t  50  marke ts ,  the  non-dup requ i rement  w i l l  be  cu t  back  to  45  mi les ;  (4 )  beyond the  top  100
markets .  i t  i s  anyone 's  guess ,  a l though a  "70  mi le  p ro tec t ion  contour "  i s  be ing  bantered  about ;  (5 )  the  sys tem s ize
exempt ion  now berng ta lked  about  wou ld  be  1 ,000 subs ,  ra ther  than the  present  500 subs :  (6 )  and sys tems wou ld  be
a lowed t0  run  the  pr io r i t y  channe l ,  on  the  b lacked 0u t  channe l ,  dur ing  non-dup pro tec t ion  per iods .  Keep in  mind
noth in0  is  f ina l  un t i l  lhe  gun sounds and a t  the  rn inu te ,  the  gun is  n0 t  even loaded!

RX-3
RX.3
RX.3
RX-3
RX-3
RX-3
RX.3
RX-3
R X 3
RX-3

* * U/V * $100 * CONVERTER * *
UHF to VHF indoor solid state, crystal controlled converter.
Gain, 10 db typical UHF to VHF.Noise figure, 12 db typical.
Self contained witll built-in 777 VAC power supply. Tltree
week delivery!

R I C H E Y D E V E L O P M E N T C O M P A N Y  ( 4 0 5 ) 7 8 7 - 5 0 8 6

7 2 5 0  W .  R E N O ,  R T .  5 ,  O K L A H O M A  C I T Y ,  O K L A H O M A
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trx:un,fr.m,he
fS 

. . .  . . . * - . : . : j i#*  or ig inators of  the t ime-weather format.

Loop 132 - Throckmorton

Compact (14 inches high x 28 inches wide x
23  i nches  deep )  and  l ow  cos t  ( $1 .695 .00 - )  -

th is is  the perfect  smal l -system package.

Time, temperature,  barometr ic  pressure,
w ind  ve loc i t y ,  w ind  d i r ec t i on  and  f ou r  ( 4 ! )
card display spots wi th a Sony AVC-1400
(2 :1  i n t e r l ace )  camera ,  Un i t  f  ea tu res  un id i -
rect ional  c lockwise-scanning sequence and is
designed for  tong term, 24 hour per day
usage  and  a  m in imum o f  ma in tenance .
"  -  Deluxe model  wi th Texas Electronics in-
struments available at additional cost.

WEATHER SCAN
Hwy. Olney, Texas 76374 817-564-5688
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ENGINEERED PRODUCTS

DIRECTIONAL TAP
Model 3500B

H A S  Y O U R  T A P  S U P P L I E
D I S A P P E A R  E  D ?

CALL US NOW!
(or your favori te

d istr ibutor)

SALE PRICE
$5.50 each

or
$6.80 each with

.412 or  .500 f  i t t ings

ORDER NOW!

offer ends 6-1-75

C a I I J A C K  C A U L D W E L L  o r

G E O R G E  M I E R I S C H

ARVIN  SYSTEMS,  INC.
an  A rv i n  I ndus t r i es  subs id i a r y

1 7 7 1  S P R I N G F I E L D  S T .
DAYTON, OHtO 45403

PH. (513) 2sA-21A1

I B
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C O N V E N I  E N C E
Push Button
Select ion

o o o
ACCURACY PORTABIL ITY
I  1dB max.  Compact  &
error Rugged
5-300 MHz

A N D  M A N Y  M O R E  F E A T U R E S

Write or Cal l  Jack Cauldwel l  or George Mier isch
for more information .  .  .See CATJ Review, this
issue.S I G N A L  L E V E L  M E T E R

MODEL SOOB

for CilTV Proferionalr
ARVIN Systems Inc.,  an Arvin Industr ies subsidiary

1771 Springf ie ld St. ,  Dayton, Ohio 45403 Ph. (513) 258-2181
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Lightning vs. You

CATV equipment rates within ttte top
five concerns in our industry. So, we
set out last Fall to start gathering data
on lightning as it relates to communica-
tioniystem tower structures, and ca-
ble communications systems. We went
to all of the places you might expect us
to go, starting with the people at R.ell
Labs, the National Fire Protection As-
sociation, and manufacturers of lightn-
ning protection equipment. The- data
we Tound available in the form of pub-
lished papers, handbooks, and the like,
barely- numbered twentY, and one of
thesedated back to 1913! Purely, light-
ning is nol something people sal very
much about, if they knout angthing to
sau.

Protection from lightning damage
takes on a bit of black-science, because
most people who practice the "art"

(and you can number such PeoPle on a
single hand), deal in "before and after"
numerical summaries of their work.

For example, "Before sYstem 7894
was installed at a Bell Labs TD-2 site
in Texas, the site experienced an aver-
age of seven lightning related outa-ges
per year." However, "After installing
system 7894, the TD-2 site exPeri-
enced an average of two lightning out-
ages per year." Clearly system 7894,
ihater", it utas, improved the odds
considerably for that particular TD-2
site.

So, just when you think You have
found something worthwhile, You

IT'S NOT NICE
TOFOOLWITH

MOTHERNATURE!!

DANGER - 200,000 amqs!

If you or your CATV receiving tow-
er lived long enough, you might exper-
ience a lighfning strike that would pro-
duce an instantaneous surge current oI
200,000 amps. If you lived long enough
to encounter the mathematical proba-
bility of such an unusual lightning
strike (0.5olo of aII strikes to a single
point), you probably couldn't find the
pieces of your tower and antennas af-
ler iL happened. And i f  you or a fel low
worker were at the head end when this
awesome energy struck . . . well, your
pieces also would be difficult to locate.- 

The mysteries of lightning-induced
voltages (and the currents these volt-
ages produce) are not well understood
by scientists; and within the CATV in-
dustry, we are patent ignoramuses. As
the old adage goes, it is uthat Aou don't
hnoutlhat will kill you, or cripple you,
or put you out of business in a hurry!

It is not our purpose here to scare
you. Any half-smart person already
knows the inevitable fear that crawls
up the back when a man is caught at or
nbar a CATV tower in a local thunder-
storm. Those unfortunate enough to be
"ordered onto the poles" in a storm
should check their life insurance and
the line at the unemployment office, in
that order, before undertaking such a
venture.

If industry mail to CATJ is any indi-
cation of industry concerns' and we be-
lieve it is, lightning protection for

1 0 CATJ for
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learn that system 7894 turns out to be
a lost equation whose documentation
has disappeared in the intervening fif-
teen years. Very disappointing!

Then, there is the problem of simula-
ting lightning strikes within the labor-
atory. Virtually everyone (those fewer
than five who practice the art) agrees
that something called a 10 X 600 micro-
second impulse test wave is the proper
way to test protection devices or cir-
cuits for lightning-induced transients
entering a "communication system"
uinthe power lines. Nobodg agrees on
anything when it comes to simulating
direct strokes to a tower.

Still for all that is not known, much-
much more about lightning is known,
than we as an industry know. And that
is the purpose of this special emphasis
in CATJ: To transcribe into the lnn-
guage and art of CATV what others
know about lightning, its damaging ef-
fects, and the preventive steps we can
take to avoid ib.

The Nature of The Beast

To combat the enemy, it is wise to
know something about him. You chase
and flail at fewer paper tigers that
way. The best data around on the true
nature of lightning is referenced in
footnotes to this report. Particular
short-form credit, however, goes to a
gentleman named David W. Bodle, a
private consultant to Joslyn Electronic
Systems. Mr. Bodle's book, "El,ectrical

Protection Guid,e for Land-Based Ra-
dio Facikties", is the closest thing to a
single-source handbook on the subject
we uncovered in our six month trek
into the mysteries of lightning (1). It is
with the permission of Joslyn Elec-
tronic Systems, that we have lifted
passages and illustrations from Mr.
Bodle's handbook for use in this report.

Lightning is an electrical discharge
which occurs betuteen clouds. and/or
from a cloud (or clouds) to earth. The
lntter tgpe of discharge is the one
which concerrLs us the most.

F E B . .  1 9 7 5

Generally the imped,once (21 of an
object, such as a CATV tower which
inadvertently becomes a part of the
el.ectrical discharge path of. the light-
ning, is appreciably lower than the to-
tal path impedance. Thus, it is possible
to presume for discussion that a light-
ning stroke originates at a constant
current source (i.e. the clouds). The
magnitude or intensity of the current
will vary, however, from one stroke to
another stroke, due lnrgelg to meteo-
rolo gical con side rati ons.

There are generally three things
most people want to know about the
internal workings of a single stroke:
(1) How often will a single point (i.e.
one tower) be struck, (2) how large are
the voltages/currents produced, and
(3) what is the waveform of a typical
stroke? Answers to these three ques-
tions are considered essential and ba-
sic to the design of ang system that is
likely to assist in protecting CATV
equipment from the harmful effects of
I ightning.

1) Dauill W. Bodl.e, Senior Mem-
ber, IEEE, consultant to Joslyn El.ec-
tronic Systems, P.O. Bor 817, Gol,eta,
Cakfornia 93017.

(2) When a path of current flous
G.e. circuitl contains both reactance
and resistartce el,ements, the combined
effort is knoutn as impedance. Reac-
tance and res'istance can comb'ine in a
series, or paraLleL path. The reactance
can be capacit'iue, (i.e. kke a capacitor)
or resistiue (i.e. kke a resistor). The
phase relation betuteen cutrent and
uoltage in a circuit mag be from 0 de-
grees (uthen resistiue) to 90 degrees
(u;hen highlg reactiue). The eract
phas e relntions hip, therefore, depends
upon the relatiue amounts of resis-
tance and reactance in the circuit. The
touer grounding sgstem represents
phase imbalnnces to the Ltghtning
stroke current, and it is the fine tuning
of these phase imbalnnces which is of
'tnterest to us here.

1 1
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Hou; Often?

We are dealing with the odds of
probability; not unlike the chance one
takes at a table in Vegas. It has been
said about lightning, "There is nothing
perfect about Lightn'tng, or the charge-
center it comes from. It is more strong-
Ig under the influence of chance than
angthing of equal frequency of occur-
en,ce utith u;hich the engineer' nxust
contend. Consequentlg, u;e can onlg
deal uith a stat'[stical function."

First of all, where is the tower? Ref-
erence is made to Diagram 1, a map of
the United States and Canada which
depicts the "Mean Annual Number of
Days With Thunderstorms" from data
supplied by the United States Weather
Bureau. The definition of a "day with
thunderstorms" is a kttle loose. Gener-
ally it means a day when an observer
will "hear thunderstorm activity" from
a single spot on the map, and the as-
sumption is made that where you hear
thunder, there is accompanying light-
ning. St i l l ,  the exact number of days is
not important-only the relative num
ber of days since the maP was Pre-
pared from a twenty year Period; and
averages tend to be of less concern
than the current year anYhow.

Okay, so central Florida is a bod
spot, and the Pacific Coast is a pretty
good spot (the difference is striking, a
10:1 rat io!) .  How does that t ranslate
into the "statistical probability" of
lightning strikes on Aour touter'!
Through suitably well engineered field
studies, something called the "stroke

factor" has evolved, which is the ap-
proximate number of strokes to
ground per square milc per thunder-
storm doE. Now, we are getting a little
closer to home.

The "stroke factor" depends uPon
the type of storms you encounter. If
your storm is basically a convection
storm (i.e. the type of storm that arises
late in the day due to the earth's heat-
ing in the Spring/Summer sun, and hot

1 2

air rising), then your chances are bet-
ter. Better than what? Better than if

Aour storm is a storm produced along a
frontal line (i.e. a boundary line be-
tween warm,/moist and cool/dry air
masses). The difference in "stroke fac-
tor" is this:

(A) Frontal type storms-a stroke
factor of 0.37

(B) Conuection tAPe storms-a
stroke factor of 0.28

Now let's put that into real numbers,
using Diagram 1. If your area has fifty
Annual Days With Thunderstorms (as
much of the Mid-west and Mid-south
does), you have a stroke factor of 50 x
0.28 or 14 strikes per square mile for
convection type storms; or, 50 x 0.37 or
18.5 str ikes per square mi le (per year)
for frontal type storms. Since the fifty
days per year is an annual average of
both convection and frontal tYPe
storms, you would end uP with some-
place between 14 and 18.5 strikes per
year per square mile. Now, Iet's fur-
ther refine that to the area of zone of
influence for gour touter.

How Often / How Potent?

Crest magnitudes of l ightning str ikes
vary widely, chief ly as a function of
meteorological condit ions creating the
l ightning. Diagram 2A shows the per-
centage o f  t ime tha t  var ious  c res t  mag-
nitudes are exceeded bY l ightning
str ikes. For example, 10% of al l  str ikes
have a  c res t  cur ren t  o f  60  k i loamperes ,
and lo.. ir  of al l  str ikes have a crest cur-
ren t  o f  120 (o r  more)  k i loamperes .  The
most  po ten t  c res t  cur ren t  ever  mea"
sured exceeded 200 ki loamPcres.

DIAGRAM 2-A

' d.gi&"qiili t$?ci.ii{ :s
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A N N U A L  A V E R A G E  N U I \ I B E R  O F  D A Y S  W I T H  T H U N D E R S T O R M S  I N  C A N A D A
( B A S E D  O N  P E R T O D  1 9 4 1 . 1 9 6 0 i

M E A N  A N N U A L  N U M B E R  O F  D A Y S  W I T H  T H U N D E R S T O B M S  I N  T H E  U N I T E D  S T A T E S

DIAGRAM I

The Touter As A Lightning Rod

The structure, such as a tower, does
not effect the mechanism of the thun-
derstorm. But, they do provide favora-
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ble discharge points for strokes lhol
u;oukJ otherurise strike the earth in the
uicinitg of the touter, if the tower was
not present. In other words, the tower
does no1 draw str ikes to i t , -  i f  the

I
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DIAGRAM 1-A

i

i
I

strikes are not going to discharge from
storm to earth in the general uicinitu
anyhow.

The strokes are, however, diuertetl,
in their normal paths to ground bg the
presence of the tower structure. In ef-
fect, the steel tower represents an at-
tractive strike point for the discharge.
The height of the tower creates a
"strike-influence zone", and for towers
100 to 500 feet in height, the "strike-

influence zone" is roughly three to four
times the height of the tower, repre-
sented by a radius drawn around the
tower base. This is for a tower
mounted on relatively flat terrain.

I f  the tower is mounted on a hi l l ,  the
actual "strike-influence zone" is the
heiqht of the tou;er plus the height of
the hi,ll ahove average (surrounding)
terrain. The effect of the tower height
becomes particularly critical when the
tower is installed on a prominent, or
"lone" elevated hill.

Now, let's put that into real num-
bers. The number of strikes You can
expect per average thunderstorm year
depends upon (1) the number of thun-
derstorms your area experiences in a
year, (2) the nature of the storms (i'e'
convection or frontal associated
storms), and (3) the effective height of
your tower above ground and/or aver-
age nearby terrain (say a half mile in
all directions). Since we know the num-
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ber of thunderstorms on the average
for al l  areas of the U.S. and Canada,
and we know the "stroke factor" (i.e.
convection storms are 0.28 strikes per
square mile per thunderstorm day, and
frontal storms average 0.37 strikes per
square  mi le  per  thunders to rm day) ,  we
need only apply Lhe "str ike- inf luen<'e

\

/
A R E A  F R o [ 4  w H r c H  s r R o K E S  ' /

A I i I  L I K E L Y  T O  B F  D I V E R T T D  T O  , /
T H E  A N T E N N A  M A S I  . /

- . 4/

S T R O K E S  T O  A  S T R U C T U R E  O N  L E V E L

T E R R A I N  A R E A  O F  I N F L U E N C E  O F  M A S T

The lo l lowrnq exan)p le  r l lus t ra tes  n  metho( l  10r  e \ t rn ra t ing  the

annua l  inc rdence o f  s l rokes  lo  a  200 loo l  radro  mas l  s r lua ted  on  a

hr l l  whrch  has  an  e leva t ro i l  o l  200 fee t .  Repres€nta t rve  va lues  as

i lmed io r  lhe  Prob lenr  a re :

E f {ec l i ve  hersh t  (h" )  o l  n ra*  -  400 fee t  o r  0  0758 ml

A n n u a l  r n c r d e n c e  o t

t h u n d e r s t o r m  d a y s  5 0

St roke  fac to r  0  37 /sq  mi / thunders to rnr

N o w :  d a Y

Area o{ intruence or nrast 
= ,)lr i",( _rO
=  0 . 1 6 2  s q  m l

The Probab le  nu i i i l )e r  o l

s t rokes  per  yea.  to  the  nras t  

:37  

(50)  {0  162)

DIAGRAM 2
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THE TOWER AS  A  L IGHTNING ROD -  Loca t i on  vs .  He igh t  Above  Ground

Number of  Days of  Local
Thu nderstorms/
Storm Types

10  Days /Convec t i on

Number of  L ightning Str ikes Per Year

1 0 0 '  H e  2 0 0 '  H e  3 0 0 ' H e  4 0 0 ' H e  5 0 0 ' H e  6 0 0 ' H e  7 0 0 ' H e

0 2  . 1 1  . 2 5 . 4 5  . 7 1  1 . O 2  1  . 3 9

1 0 Days/  F ro nta l .04 . 1 5 .94  1 .35  1 .84

20  Days /Convec t i on Z J 9 1  1 . 4 2  2 . O 4  2 . 1 8

20 Days/Frontal . 30  . 67  1 .20  1 .A7  2 .70  3 .68

30 DaysiConvect ion .34 7 6  1 . 3 6  2 . 1 3  3 . 0 6  4 . 1 7

30 Days/Frontal . 1 1 .46  1 .01  1 .80  2 .80  4 .05  5 .52

40  Days /Convec t i on 4 6  1 . O 2  1 . 8 1  2 . 4 3  4 . 0 9  5 . 5 1

40 Days/Frontal . 1 5 .61  1 .35  2 .40  3 .74  5 .40  7 .36

50  Days /Convec t i on 1 4 . 5 7  1 . 2 7  2 . 2 7  3 . 5 4  5 . 1  1  6 . 9 6

5O Days /Fron ta l . 1 9 .76  1 .68  3 .00  4 .68  6 .75  9 .19

6O Days /Convec t i on 1 7 6 9  1 . 5 3  2 . 1 2  4 . 2 5  6 . 1 3  8 . 3 5

6O Days /Fron ta l .22 .91  2 .O2 3 .60  5 .62  4 .32  11 .03

70  Days /Convec t i on . 8 0  1 . 1 8  3 . 1 8  4 . 9 6  7 . 1 5  9 . 7 4

70 Days/Frontal .26 1 .10  2 .36  4 .20  6 .55  9 .45  12 .87

80  Days /Convec t i on Z J 9 1  2 . O 4  3 . 6 3  5 . 6 7  8 . 1 8  1 1 . 1 3

80 Days/Frontal . 30  1 .21  2 .69  4 .80  7 .49  10 .80  14 .71

90  Davs /Convec t i on .26  1 .03  2 .29  4 .08  6 .38  9 .20  12 .52

9 O  D a y s / F r o n t a l . 34  1 .37  3 .03  5 .39  8 .42  12 .15  16 .55

100  Days /Convec t i on 28  1  . 1  5  2 .55  4 .54  7 .08  10 .22  13 .92

1 0O Days/Frontal 38  1 .52  3 .37  5 .99  9 .36  13 .51  18 .39

Loca te  number  o f  days  f o r  you r  a rea  f r om D iag ram 1 .  App l y  t o  l e f t  hand  co lumn  he re ,  r ead ing
r i gh t  un t i l  you  f i nd  t he  he igh t  o f  you r  t owe r  above  ave rage  t e r ra i n  ( i nc l ud ing  h i l l ,  i f  so  l oca ted ) .
The  t abu la r  number  i s  t he  number  o f  l i gh tn i ng  s t r i kes  you r  t owe r  w i l l  e xpe r i ence  i n  an  ave rage  yea r .

TABLE I

zone" for your tower to determine how A good portion of the United States
many strikes you can anticipate per receives fifty days of thunderstorms
year. Diagram 2 illustrates the mathe- per year, and a good portion of the
matics behind the computation, and CATV systems in the Mid-west and
Table 1 provides a handy stepped ref- Mid-south have at least 300 foot sticks.
erence chart for determining what Table 1 shows that even on flat
your "annual lightning liability" should ground, the tower will be directly
be .
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struck an average of three times per

r
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Lightning Waveshape

The waveshaPe of lightning stroke

current at, or verY near, the stroke

oo in t  i s  essent ia l l y  un id i rec t iona l '  I t

i , ru. u u".y rapid r ise t ime, and a tai l

rvhich decays exponentially at a con-

siderably slowcr rate. The customary

way to define such a str ike is 1'2 x 50

microseconds. See f)iagram 3A' The

1.2 represents the rise time in micro-

,".nndt, from zero value to crest cur-

rent value. The 50 represents the t ime

interval from zero (start of r ise) unti l

the decayed level reaches fifty percent

of i ts crest current value.
For  purpos t ' s  o f  s landard iza t ion ,  the

1.2 x 50 impulse voltage wave is custo-

mari ly used for Lesting of insulat ion

and the sparkover of gaps, insulators,

and arresters. Another test, 8 x 20, is

ut i l ized extensively for test ing of l ight-

n ing  ar res le rs  used on  power  l ines '

W A V E  S H A P E  D E S I G N A T I O N  O F  A N  I M P U L S E  ( 1 I  X  1 2  )

DIAGRAM 3 -A

of the tower, and for this reason anY
antenna that mounts above the top of
the tower itselfbecomes 

"the lightning
rod" for the entire tower.

Proper design of towers cal ls for a
"cone'of protei t ion" located above the
top of the tower-mounted antennas' If

thL top of the tower (i.e. the uery-topl
has a beacon light, it becomes the kght'
iinq ,od for t[e tower array' This is

nof- necessarily good practice, as we

shal l  see.
Metal l ic Lowers, guYed or sel f  s-uP

por t ing ,  p rov ide  an  exce l lenL conduc-
iing pottl'tor stroke currents, prouid'ed
inJtt"tn of the touter, the footingq, unq

ln" guy anchors are properly.designed
with* iui table grounding electrodes'
Wooden anlenna supporL structures
present  un ique prob lems,  and w i l l  be
covered seParatelY.

There are two common antenna
tvpes in CATV: the log, and Lhe Yagi '
fh" log is designed so thaL at f requen-
.y .oilponenti present in lightning
sfr ikes i i .* .  th" i requency of.  the de-
vaslaLing current in a str lke) '  tne

booms and elements all look like o

ihort circuit to ground for the strike
uoitug". This is b"ecause with the whole

anterina array (booms and elements) at

tower DC ground, or within a few tens

of ohms wirst case to DC ground at

Lightning frequencies, the light^ning
.i.it " u"oltug"'discharge path is from

CATJ for

: .  . , r , , "r :  f t l : , i f  r }{qM 
-_ -

year for frontal type storms in this re-
gion.' 

Obuiou.ly, the taller the stick, the

mot" apt ii is to be a "liEhtning rod"

[or uour squtre mi lP. Thete is some

evid"ence in ' l ightning discharge studies

that when ieveral tall towers are
grouped Logether ( i .e.  onlenno form)'
lhut ' th" l ightning freque-ncy become,s
someLhing approoching the sam ol at t

of  the towers stacked one alop anoLh-
er, for the area surround'tng the t9t1t'

nrlr. Thus, a tinY 300 foot stick,
dwarfed by nearbY 600 foot or 1,000
footers, is-not necessarily shielded b-y
the presence of the taller towers' It
may'in fact receive a lnrger numb.er.of
strikes than if it were sitting all by
itself.

Protectinq the Tou'rcr

Metal antennas are inherently self'
protected for lightnin g, proutded Lhey
are well bonded to the tower, and the
io*"t is well grounded. Lightning al-
most always dlscharges to the tip-top

1 6



the antenna (if directly struck) to the
tower, and then to physical ground
(and hopefully earth-ground) through
the tower structure.

The yagi antennas commonly uti-
Iized in CATV have the same advan-
tage. The dipole element, if it is a 300
ohm balanced type with a built-in 300
to 75 ohm balun of some type, looks
like a short circuit to the carrier wave
frequency of the lightning discharge.
This is because the balanced 300 ohm
dipole is normally operated at boom
DC ground at one point.

Where we run into trouble with an-
tennas and lightning, normally, is
where an antenna is insulated (i.e. its
boom antl elements) from the tower
DC ground system, through an anten-
na mounting arrangement that "floats"

the antenna ataag from the touter DC
ground. In this case, if the lightning
should strike directly on the antenna
arra! as it "floats" off of the tower
(from a DC connection standpoint), the
lightning discharge then chooses the
only to DC ground path open to it,
which is down the transmission line.

However, even with the antenna
"floating" off of the tower DC ground,
normally there is a DC continuity path
to the tower structure through the
aluminum jacketed down lines as they
are strapped or bonded to the tower in
the run down the tower to the head
end building (although this is very
tough on downlines!). If you have a
"floating" antenna mounted at the
very top of your tower (i.e. where it
plays lightning rod), and you feed the
signal down the tower in jacketed alu'
minum down line (or jacketed RG-59,
RG-11, etc), which insulates the down-
line from DC ground of the tower, then
you have an excellent possibility that a
discharge will follnu the path from
floating antenna to insulated down line
to your head end equipment building.
Even in this situation, there zs one
more chance to saue yourself at the
building entry point, as we shall see
shortly.

F E B . ,  1 9 7 5

The key to keepi,ng ufiennas u.tholc.
on the touter is to operate their booms
as cktse to DC ground as possiblc (i.e. a
very low impedance path to ground).
One way to do this is to pointedly pro-
vide as many common-bonded DC
paths to ground as possible. Each leg
of the tower (three or four legs) repre-
sents an opportunity to "bond" the ar-
ray to ground; so too does each down
line on its run down the tower, if it is
bare aluminum.

Lightning likes to foll,ou the lnutest
impedonce path to ground. Paralleled
resistances (i.e. the resistance of all
individual tower legs and down guys to
DC ground from the top of the tower)
create a lower overall impedance to
the lightning strike to ground. There-
fore, towers which are well engineered
for lightning protection provide as
many (i.e. multiple) direct, Iow imped
ance paths to DC earth ground as pos-
sible, thereby distributing the dis-
charge currents through as many
paths as possible.

The Top Of The Touter

The top of the tower is the point
most l:ikelg to take the stroke. Any-
thing aboue the top of the real tower
becomes the "top" as far as the stroke
?s concerr,ed, and it becomes the
"strikee".

(1) Do not place lights (beacons,
etc.) or antennas (including
search) aboue the toP of the
tower.

(2) If you do mount something oth-
er than the tower itself at the
highest point, further protect
the item on top with still anoth-
er item-a lightning rod or a
"Top Hat" as shown in Diagram
3.
Note: An antenna at the top of
the tower, protruding above
the light fixture, provides a
"Top Hat" or "cone of protec-
tion" for the light fixture, pro-
vided the antenna does not

1 1
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E a r l y  t e l e v i s i o n  b r o a d c a s t  t o w e r  a n t e n n a  w i t h  g r i d -

w o r k  o f  l i g h t n i n g  r o d s  s u r r o u n d i n g  l i g h t .
"float", as previously discussed.
Light fixtures are especially
vulnerable to strikes, as is their
associated II0/220 volt wiring
apparatus.

(3) Antennas mounted directly to
the tctu;er in the top 10 percent
of the tower's effective height
must be securely bonded from
antenna mount to the tower leg
or cross arm where it is at-
tached. Simply tightening the
"U" bolts to the point where the
the antenna-to-touser clnmP
does not allow the antenna to
move is zot enough. Antennas
mounted in this critical strike
region need to be u;ell bonded
in a way that insures that tower
paint, grease, etc. does not cre-
ate a higher impedance Path
from the antenna to the tower
than can be measured from the
tower to the tower.

several points in the critical top
10 percent region.

(5) Any coaxial feedlines must be
Iikewise bonded to the tower,
especially if they are in the toP
10 percent region. Merely
wrap-locking the lines to the
tower leg may not be adequate.
Aluminum or steel straps from
the feedline outer shields to the
tower are recommended, if
they cut through tower Paint
and grease.

(6) If you have an antenna rotor for
a search antenna, be certain it
is direct metal bonded from its
mount to the tower. Next, the
power and control wiring for
the rotor, which seldom if ever
is available in a shiekled for-
mat, should be installed inside
conduit for at least the run from
the rotor power inlet down the
first 10 percent of the tower it-
self. Do not run it inside the
same conduit as the light (bea-
con, etc.) power wiring.

At the point of lightning strike, and
for some distance down the tower
thereafter, very large voltages and
currents from the lightning are pres-
ent. The secondary danger, after the
impact of the strike (and there is con-

P R O T  E C T  I  O N
C O N F

(4) Conduit carrying Power to the
lights, and the light fixture,
must be well bonded to the
steel tower. Again, merelY
clamping the fixture or the con-
duit to the tower is nol ade-
quate if the end result is a high-
er path impedance between the
fixture and the tower. Metal
(light/power) conduit must be
bonded directlu to the tower at

1 B

DIAGRAM 3

CATJ for

I



siderable physical power there), is arc-
ing. Loosely bonded lines, conduit,
mounts, and the like invite the volt-
ages from the strike, once into the tow-
er structure, to arc to other phgsically
nearby lou; impedance to ground
points. This arcing can and does burn
cables as large as .500 to a crisp, melt-
ing clamps, and otherwise solid typical
tower-top objects in their path. By
properly bonding everything mounted
on the tower top to the low impedance
to ground tower structure, the arcing
possibiliti,es are greatly curtail.ed.

Doutn The Touer

Once the lightning voltage and cur-
rent is into the tower proper and head-
ing for DC (earth) ground, the best
thing to do is to stay out of its way!
The lower portion of the tower pre-
sents no particular challenges to good
engineering pract ices. About al l  that is
required is keeping an eye out for po-
tential arcinq points where in its flight
to ground the voltage and current
might want to "jrmp track" to some-
thing along the way that also presents
an earth l)C ground potential. Feed-
line bonding to the tower is important
at the top and bottom of the tower, but
along the way its value has never been
proven.

At The Touter Base

As important as the correct proce-
dures are for top of tower, the base of
the tower is where the real protection
is located. There are two areas where
grounding techniques apply aL the
base of the tower:

(1) Tower legs
(2) Building entry point for all ca-

bles
Most CATV towers are constructed

by digging a modest size hole, placing a
steel cage in the hole, and fil l ing the
hole with concrete. Based upon evi-
dence "unearthed" bv CATJ for this

F E B . .  1 9 7 5

report, this cannot always be consid-
ered an adequate system for protec-
tion against lightning strikes.

There are, admittedly, half-hearted
attempts at providing a tower to
ground system bond. Most are similar
to that shown in the photograph here;
a number 6, 8, or even 10 copper wire
is wired to the base of the tower just
above the concrete pier and "disap-

pears into the ground" along side of
the pier. IL maE be connected to the
fol lowing:

(1) Nothing-simply laying half in
the ground and half in the con-
crete foundation or pier;

(2) The steel foundation cage;
(3) A metal (unknown composition)

rod or stake set in the hole adja-
cent to the pier before the con-
crete was poured.

Professional lightning protection peo-
ple would at best discount this as a
source of adequate protection.

The argument is made that the tow-
er bolts to a steel cage, which sets in
concrete, which sets in the ground.
ThereJ'ore, there is ground continuity
from the steel tower to the rebar cage,
to the concrete, and to the ground.
What is overlooked is that the DC re-
sistance (or impedance) of the steel
tower to DC earth ground in this situa-
tion is usually quite high, which is an'
other way of saying that there is not a

B u t  i s  i t  r e a l l y  g r o u n d e d ?  C o f  l ) r  w i r e  b o l t e d  t o  t h e
t o w e r  l e g  d i s a p p e a r s  i n t o  w h o  k n o w s  w h a t !

r
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DIAGRAM 4
true low impedance path to earth
ground present.

If the tower base bolts to other bolts
that are welded on the steel cage, we
are depending upon the pier bolts con-
nected. to the steel cage to conduct
through the paint on the base of the
tower. If the steel cage is uteld.ed to a
short tower stub which is in turn set
into the concrete pier, then the first
(real) tower section bolts to the tower
stub. Again, we are depending upon
the galvanized bolts LhaL bolt tower
section to tower section to provide a

I t M P I  f i A T r l F t  I  I

v A f  n T  o N  o F  s a l  L  R L s t s T  v t T  y  t l t  I  i l  I  t  M r t  n A T U  l t  I

TABLE 2

Iow resistance (i.e. impedance) connec-
tion to the pier ground.

It is possible to provide very good
immunity from lightning damage with
steel reinforced concrete tower foot-
ings (and guy anchors, as will be dis-
cussed separately), prou'ided that the
steel cage reinforcing bars are u,rcld"ed
together to ensure good electrical con-
tinuity, and utelded to the anchor bolts
or short bose stub tou;er sect'ion. The
big danger with reinforced cages sunk
in concrete is that a poor weld or a
deliberate design to bolt a tower stub
to the steel cage before the concrete is
poured will leave a poor DC connec-
tion. Even within the concrete pier,
arcing can develop as the lightning
charge seeks earth ground. The com-
bination of arcing uithin the pier, plus
the chemistry of concrete, can create a
true explosion that could materially
weaken the concrete pier, allowing the
tower to fall.

Consequently, it is advisable to fol-
low the procedure outlined in Diagram
4 for each tower leg on a free-standing
tower, or Diagram 5 for the mounting
plate for a guyed tower.

Hou; Deep?

It is not unusual for a tower to be
situated in an area where ground exca-
vation is difficult. The tendency under
such circumstances is for the ground-
ing system designer to lay out a well-
planned grounding arrangement, and
for the personnel install:tng fl to take
shortcuts (i.e. driving an 8 foot rod 3
feet in the ground and cutting it off!).

As D.W. Bodle points out in "Electri-

cal Protection Guide. . . ", the resistiv-
ity of soil changes rather dramatically
uthen the ground freezes. In northern
latitudes, ground freeze depths of 18
inches or more are not uncommon. Ta-
ble 2 illustrates what happens to the
resistance of soil when it freezes. From
a ground temperature of 70 degrees F
and a resistance per square meter of

CATJ for



earth of 72 ohms, to a ground tempera-
ture of 20 degrees the resistance per
square meter of earth of approximate-
ly 1200 ohms is quite a change in the
effectiveness of a grounding system!
Naturally, the frequency of thunder-
storms diminishes in cold winter
weather, but uthen they do occur, if
your grounding system is relegated to
a very poor prolect ion system as a re-
sult of frozen ground, your chances for
sustained damage rise sharplg.

Note in Table ZLhat the ground does
nothave to freeze; that it will typically
freeze close to the surface and be pro-
gressively warmer as you go deeper.
Even with a freeze to 18 inches, frost-
type temperatures to 3 feet and more
are not uncommon. Staying close to
the surface with ring ground wires or
driven rods is dangerous if you Iive in a
region where ground freezes are com-
mon.

However, recognizing that some soil
conditions simply do not lend them-
selves to 8 foot driven rods, the design-
er must stil l provide adequate protec-
tion. If he is in an area where ground

C O N N E C T I O N  S H O U L D  B E  C A D W E L D E D
T O  G R O U N D  P L A T E

cnaoe --Jg,;71-
T O  R I N G
G R O U N D
SYST E I!1

] E "  M I N I M U M  C O V E R

N O T E  G U Y E D
T O W E R  B A S EP E R I P H E R A L  G R O U N D ,a--*l

DIAGRAM 5
freezes are common, the general con-
sensus seems to be that if he con-
structs a ring ground arrangement, to
be described shortly, and encases the
rtng ground wire in a concrete footing,
he has done about everything he can
do.

Barring this, a ring ground system
with numerous 8 foot ground rods
uteld,ed to the ring ground (not
clamped!) util izing bare copper wire
buried to a depth of 18 to 24 inches will
suffice.

Ring Grountl SAstem

The heart of all l ightning protection
systems is the ground afforded, and

N O T E :  C H E C K  L O C A L  U . S . D . A .  F O R
A C C U R A T E  S I T E  F R E E Z E  D E P T H S  I N
FAR NORTH AND ROCKY I I IOUNTAINS

A V E R A G E  D E P T H  O F  F R O S T  P E N E T R A T I O N  ( I N C H E S )
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N O T E :  O N  T O W E R
B O N  D I  N G ,  U T I  L  I  T Y
S E R V I C E  B O N D I N G ,
E O U I P I M E N T  T O  B U S
B O N D I N ( ] ,  D O W N L I N E
B O N D I N G  N O T  S H O W N
H E R E

/

GUY ANCH.R^ 
r,' l l ightning discharges, the common

,p I ground greatly improves stray RF sig-
,,/ * nal radiation and stray pick up within

,' 
- 

the head end facilitv. Manv a head end
,,' suddenly looses its "tou"chy tuning"

' and "pruning" when everything in the
buildins is connected to a common

I N T E R I O R  G R O U N D
B U S  L I N F

DIAGRAM 6

the palh to ground for the lightning
stroke or charge. By getting the strike
to the base of the tower through the
tower members itself, we are half way
to a successful installation. In other
words, by confining the most attrac-
live to-ground paths for the lightning
to the touter itself, we keep the dam-
age of the strikes away from the more
sensitive down lines and control wires.

Because the tower pier is seldom an
adequate ground system, we must
think about supplementing that sys-
tem with one designed especially for
lightning protection. This can usually
be incorporated into a similar common
ground system for the equipment
bui lding ( i .e.  head end) which wi l l  have
advantages to additional protection re-
quirements relating to the building it-
self.

The ring ground system consists of a
buried network of highly conductive
cables or wires that distribute the re-
sistive load of the ring over a large
ground (earth) area. By combining the
tower ring ground and the building
ring ground into either a single large
ring, or into an interconnected pair of
rings, we establish a commonakty of
ground (earth) potential f.or all equip-
ment on the prem'ises. In addition to
providing superior protection against

22

ground (earth).
The ring ground shown in Diagram 6

is an expansion of the ring ground of"
Diagram 5, which was for the tower
only.

( 1 ) In areas with light or no ground
freezes, the H2 AWG uninsu-
lated tinned solid copper ring
conductor should be 18 to 2l+
incltes belout the grade (ground
surface) Ievel;
In areas where deep freezes are
common, the same copper wire
material should be buried op-
prorimatelA 4 feet in a concrete
footing;
In both situations, the ring
ground wire is augmented by
earth driven ground rods, 8 foot
long by % inch diameter, with
one ground rod for every 10
feet of lineal buried ring ground
wire.
All connections, from ring
ground to ground rods, to ex-
ternal connections such as the
tower legs, to feedline ground-
ing plate on the exterior of the
head end bui lding, should be
welded. cadwelded. or other '
wise affixed one to the other.
Ckrmps, which cause arcing, nre
not recommended 'under anu
circumstances.

Under all circumstances, we want to
keep the Iightning discharge out of the
hetrd end buikl,ing, where it is danger-
ous to both equipment and personnel.
Normally, the only outer-to-inner path
the discharge can fol low is (1)the down
l ines, (2) the tower l ight power cables,
(3) miscellaneous control cables such as
search antenna rotor and weather in-
strument sensors, (4) the power mains
tAC)  prov id ing  opera l ing  power  to  the

(2)

(3)

( 4 )

, t  
, ,  

t t .

/ '  u u l L D t N G  \
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bui lding, and (5) the trunk l ine leaving
the bui lding.

Down lines, tower light power ca-
bles, and miscellaneous control cables
are on the touter side of. the ledger, and
are protected in the following manner:

Al l  downl ines should be bonded
to ametal  plate mounted on the
extertor of the building. The
plate in turn should be bonded
inol connector affixed) to the
ring ground system through a
short  length of #2 coppet '  wire.
If lhe control cables from the
weather sensors and/or the ro-
tor control cables are nof solid
metal  sheath covered, the run
l'rom the tower into the build-
ing uin the exterior l,ocat,ed
m,eto.I pkrfe, should be in metal
conduit .  The conduit  should
start  6 feet (or more) up the
tower from the horizonlitl run
lo lhe bui lding plate and bc
bondcd lo Lhe Lowt-'r. Whcrt-'
possible, the conduit  should
star l  6 feel  above ground, and
then carry the cables Lo the
building unrl,erqrrrutttl. It is
proper lo bundle wcather sen
sors or id rotor control  wires in
L<t tr s'i.n,qle conduit,, but do zol
combint- '  them wi lh the lower
l ight power wir ing, c ' i ther
above ground or below ground.
The conduit  must be attachcd
to the metal  plate on the exter-
ior of  the bui lding, through
bonding, even i f  i t  runs under-
qround from lhe lower to the
bu i ld ins .
The tower l ight power wir ing
should come from Lhe tower
base to the bui lding in conduit
bonded to the tower. This wir-
ing begins 6 feet above the tow-
er take off point and continues
to Lhe exterior meLal plate on
the bui lding, where i t  is
bonded.

LIGHTNING DAMAGE REPORTS

As lengthy as this report on l ight-
ning damage to CATV facilities is, we
believe there is more to be said. Ac
cordingly, we are sol ici t ing from read-
ers the fol lowing information, for fu-
turc expansion of this discussion:

(1 )  Photographs  o f  l igh tn ing  dam-
age to CATV equipment, show-
ing the extcnt of damage.

(2\ Reports of damage, including an
analysis by the reporter of
where the str ike apparenLly oc-
curred. and where it traveled
and did damage, before being
dissipaterd.

(3) Summary reports on how ofl ,en
eat:h ycar you have had lo rc
placc tower mounted electron'
i cs  (p re  ampl i f ie rs ,  c tc . ) ,  and o f
thc exl,ent, of damage to the
tower  mounted  sear  ( t rans is

1.ors blown, wholc unit  fr icd,
power wir ing burned, etc.).

A simple letter wi l l  do. We intend to
col lect this dala in report form for latcr
usc  in  CATJ.  A l l  con t r ibu t ions  w i l l  be
apprec ia ted .

Man.y CATV systems l ike to keep
t,ht' ir r iownline cables high abovc
grorrnd on t ,he entry  in to the bui ld ing.
' l 'his niakes some sense frorn a vandal
isnr  noint ,  o f  v iew.  hut  i t  a lso creat ,cs a
long, e:rpo.sed ground wire run from
thc mt: t ,a l  exter ior  p lat ,e to the r ing
gr<rrrnd. I l is prefera,bk: to locate the
head end bui ld ing entry  point  at
grot rnd lcvc l  or  below ground level ,  so
the ext ,er ior  met ,a l  p late is  at  or  in  the
gr<irrnd iLself. ' [ 'his stl l l  requires tieinSl
t, lt,e erteri.orpkfi,e to the rin.q qro'und,
s '4stem, but  i t  e l iminates the dangers
ol  erTtose,d,  l ightn ing vol tage carry ing
cables and condui ls  at  or  above ground
leve l .

I f  you select  th is  method,  which is
the preferable one,  i t  is  permiss ib le lo
place Lhe downl ines in  p last ic  PVC ( i f
thev are not  iacketed cables) .  Keep in
mind the bonding between the down-
l ine cables must  take p lace between

( 1 )

( 2 \

(3 )

f
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the outer aluminum iacket and the ex-
terior metal plate. bhere is no good
way to bond aluminum cable jackets to
steel (or aluminum) exterior plates
without running the risk of damaging
the relatively fragile aluminum jacket
on the downline. Perhaps the best
technique is to instal l  .412, .500, .750,
etc. bulkhead fittings on the plate,
making very sure that the bulk head
fitting bites in,to the plnte when it is
instal led. Remember that a noor DC
(high impedance) connecl ion ut i t t
create urcinq if the lightning voltage
gets that far, and that with arcing
there is heat, fire, and the possibil:itg
of explosion. Metal plates used for this
exterior building entry point should
noL be painted, or weather or moisture
protected, unLil after the bulk head fit-
tings hirve been installed and tight-
ened, Lo within a micron of their life. If
the plate is painted beforehand, the
effectiveness of your bond to the plate,
and to (earth) ground, is diminished.'I 'he chances for arcing goes up drama-
tically as the efJectiue resistance be-
tuteen the tuto materink 'increases.

Insille the Head End

With the r ing ground system in-
stal led, al l  that remains to be pro-
t t ' r ' t t ' d  w i th in  the  bu i ld ing ,  as ide  f iom
the trunk l ine out and power l ine in,  is
the internal grounding system for the
equipment. Be certain this is effective-
ly tied to the ring ground.

I f  you are bui lding aneu) head end, i t
should be planned so that all equip-
ment racks mount directly ouer bolts
set into the concrete floor, which are
utelded to a reinforcing cage under the
floor, that is utekled to the ring ground
system. Then, when the racks are in-
stalled to the pre-placed bolts set into
the concrete, be sure that the racks are
free of painf at the point of connection.
Real purists urge you Lo toeld, the bolts
to the racks. While that insures that no
arcing is Iikely to take place between
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pressure-bonded connections, it may
be more than the average CATV sys-
tem designer is willing to do (until he
has a head end rack erplode!\.

As a check list, here are the items
within the head end which must be
directly connected to the ring ground
system, preferably through two or
four grounding paths (see Diagram 6):

(1) Equipment racks
(2) Any equipment cases not

mounted in racks
(3) All internal building wiring,

through both the metal conduit
which carries the wiring and
the ground wire on the three
wire (ground) system

(4) The metal door frame to the
metal door (if one is used)

(5) The shell, case, and/or mount-
ing frame for the air condition-
er

(6) Any metal (copper or galvan-
ized) screening used for equip-
ment shielding, or partitions
between units of equipment or
racks

(7) All metal encased multiple out-
let  power (AC) boxes, when
they are mounted so as not to
be directly tied to a rack, etc.

(B) The bui lding i tsel f ,  i f  you use a
metal  bui lding

The Trunk Line Out

There is a technique common in
CATV which should send shivers and
chills up and down your back. That
pract,ice is utilizing the touter to attach
the messenger strand as you make
your trunk run from the building to the
first system owned or joint pole.

When you anchor one end of the
messenger strand (or figure eight ca-
ble strand) to the tower, you are just
begging the lightning stroke to travel
doun the touter ond into the uthol,e sus-
tem lhrough the messenger slraid. .
Needless to say, this places not oniy
your head end, but your first section of

I
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trunk plant, in a high danger area. If
you are on joint poles with pl"ope?"
groundingl at every end pole, plus
every tenth pole, and all amplifier loca-
tions between your strand and the tel-
colpower grounds, you have just cre-
ated one very large incentive for the
down stroke of lightnin g to follout gour
messerlqer straight into town, or at
least as far as the first joint guy
(ground)!  The trunk can then carry
I ightning vol tages in two direct ions. I f
it is connected to the touter, (shudder)
it can send lightning voltages and cur-
rents into the plant when the str ike
point is to the tower. Or,  i f  the l ight-
ning strikes on the pouter/util itg or
your trunk line, it can carry the dam-
aging voltages and currents not only
on tounrtls toun, buL right back to the
heod end. If the messenger is anchored
to the tower, it can feed the stuff all
over your head end. So, i f  you fal l  into
this category, ran, don't walk, to the
head end and get the messenger off the
tower.

On the assumption that you do not
feed your trunk out of the head end via
the tower, the main problem with the
trunk l ine is seeing that l ightning that
strikes along the trunk or util ity pole
run(s) does not get back into the head
via the trunk l ine. The simplest way to
do th is  i s  Lo  t tke  an  er l ro  measure  o l
precaution with the trunk run as it
leaves  the  bu i ld ing :

(1) Make sure that the trunk run is
bonded to a metal plate, just as
the antenna down lines were, as
it leaves the building. Be cer-
tain that the metal plate is
properly tied lo the ring ground
system. You may want to uti-
lize a separate metal plate (not
the input down line plate) for
this purpose, just to be extra
SAIE .

(2) In a new system situation,
burying the trunk as it leaves
the building for 20 feet or more
is advisable:

F E B . .  ' � I 9 7 5

(A) If you install the trunk ca-
ble in metal (conduit) pipe
run a #6 AWG copper
bond between the mes-
senger strand and the
metal  (conduit)  pipe on
the aerial end of the run,
and between the metal
(conduit)  pipe and the
metal plate at building en-
try on the building end.

(B) If you place the trunk ca'
ble in PVC, or use jack-
eted cable, run a #6 AWG
copper wire from a bond-
ing point on the aerial
strand underground utith,
the trunk cable to the
metal entry plate, where
i t  is bonded again.

It is important to keep
as close as possible to the
DC potent ial  ( i .e.  resis-
tance) between the mes-
senser strand and the
r ing ground system. By
using 20 25 feet of H6
AWG copper to tie or
bond the strand to the
r ing ground, you wi l l  ac-
compl ish this.

With an aerial strand take off
from a pole you set or have set
or have set on a joint basis near
the building, the aerial strand
mus l  be  connec led  to  your  r ing
ground via a H6 (or larger)
AWG copper wire. This is in
addition to bonding the alumi-
num jacket on the trunk cable
to the metal plate (and the ring
ground) as you exit the build-
ing.
If your trunk cable runs across
an elevated hill top site for sev-
eral spans before it gets down
off the hill and into relatively
protected low lands, and if this
pole line is one of your own con-
struction, you should consider
carefully the effective "capture

(3 )

(4 )

r
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DIAGRAM 7

area" o1 ' the pole l ine as i t ,  mean
ders across the h i l ls ide to the
low lands.  We wi l l  invest isate
tht '  "zont '  o f  in l ' lucn<,e"  for  pol t '
l ines la ter ,  but  suf l ice to say at
th is  point  that  the exposed pole
l ine run presents an at t ract ive
l ightn ing d ischarge point  to  the
menace overhead.  The best  so-
lut ion to th is  is  to  ground at
every pole through an 8 foot
ear lh-dr iven ground rod (8 '  x
' l lq") from strand to ground.

(5)  I f  you are on jo int  poles for  th t :
r un  ou l  o f  l he  head  end  i i . e .
rura l  power) ,  perhaps you
should inspect ht>w oJ'ten, Lhey
i l re running eur th grounds
along t ,he exposerd run Lo your
head  end  s iLe .  A  ha l f  m i l e  run
(2500 fcel )  of  rura l  power l ine,
25 30 feet  above ground,  makcs
a ver ' /  a t t ract ive d ischarge
poin l  for  l ightn ing.  I f  i t  is
grounded inf rcquent ly  or  not  at
a l l ,  as many rura l  l ines seem to
be,  the " l ightn ing antenna"
draws d ischarges lo  your  t runk
l ine which hanss below.

Tly ss,4!e!!,

Grounding of the guy anchor
sent ial ly the same as grounding
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tower base, except there is less to it.
See Diagram 7. Note that the individ-
ual guy wires are bonded through a
(common) #2 AWG tinned solid copper
conductor that ends up in a driven B
foot earth ground. The ground rod can
be set inside of Lhe concrete pier for
the guy anchor, prouided it is lop-
ended 18 inches or more below the
ground level in areas where freezing is
l ikelv.  In areas where freezing is not a
problem, the top of the earth-dr iven
rod can be at ground level.

Side l.'lnshino

Some specia l  ment ion should be
made of  the e{ fect  known as s ide f lash-
ing.  When two s ide by s ide racks,
p iet :es of  equipment ,  down l ines,  etc .
are not equal with respect to DC earth
ground,  a potent , inL can and does bui ld
up betuteen,  the two (or  more)  uni ts .
' lhis arcing is a good way to destroy
del icate connectors,  and e<lu ipment .

I l ' a l l  l i nes ,  equ ipmenL ,  t : t c .  a re  con -
n t ' r ' l c d  L o  t h r . s t t m (  ( ' o m m o n  r i n g
ground svstem, the problem is  usual lv
cured.  F lowever,  in  ta l l  meta l  racks.  i t
is  l i lso advisable to bond across the lon
o l ' t h c  r i r c k s  l o n  t h t ' t h c o r . y  t h : r l  l h t '
( :on)mon grounding is  i r t  the baser  o l '  the
rack)  wi th #6 AW(i  copper wir t : .  Kr ,ep
in  m ind  tha t  when  any  pa in ted  e r l u i p -
mcnl  ( rat :ks,  e lc . )  or  zrnodizt :d equip-
menL housings are connecterd loqet ,her
for  bonding purposes,  the bond must
be betwecn metal  and mt-- ta l .

Pttle \Wortd,ert\ Moun,ted, In,stalln,t,irm.s

When ant .cnnas are mounted on
wooden poles or platforms, the anten-
nas u l t ract  the d ischtr rge,  which passes
to sround down the outer  shel l  o f  the
feedl ine.  This is  obviouslv  a Door
choice.

Protection requires that a con,e of
is es- pnttecti,on be provided for the anten-
of the nas, and the feedl ines and equipmenL

CATJ for
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connected thereto. By installing an 8
foot copper ground rod as a lightning
rod aboue the top antennas, the dis-
charge can be intercepted and taken to
ground around the antenna system.
See Diasram 8. The down lines should
be routed down one side of the wooden
pole, and the ground wire run (#6
AWG copper) should run down the op-
pos' i te side of the pole. Al l  antenna
booms, and downlines, and other metal
encased equipment housings on the
pole shoukJ be bonded to the H6 AWG
copper qrourul, uire.Il the pole is well
separated from the building, it may be
necessary to creabe a mini-rtng ground
system around the pole to bring the
equivalent resistance of the grounding
system down low enough to present a
low impedance " load" to the l ightning
stroke charge. Such a ring ground sys-
tem can be created following instruc-
tions given previously for a single tow-
er, although a total circumference of 20
feet should be adequate for a 40/50
foot wooden pole. If several poles are
grouped to lorm a platform, strmdard
ring ground principals apply. A singkz
8 foot ground rod may notbe adequate
for a single pole.

I f  the wooden pole(s) is located near
the head end bui lding, the r ing ground
for the building can be designed to in-
clude thc locat ion of the pole(s),  and
thc #6 AWG ground down lead can be
bonded (welded) to the ring ground.

Wi,re Fences

Wire fences around the perimeter
of the property or head end building
are potential discharge points for light-
ning. If the fences run close to guy
wires, buried ground rings, or other
CATV system metal parts, they need
to be bonded to the ring ground, guY
wire anchors, etc. whenever they come
within 6 feet of any metal part of your
system.

F E B . ,  1 9 7 5

F O U R  8 '
G R O U N D  R O D S

r' Ar go.
I  N T  E  R V A L S

U

DIAGRAM 8

Protecting th,e AC Serui,ce Side

The design of a station grounding
electrode system is very important,
since this "dumping ground" for light-
ning strokes is in reality the only pro-
tection you have against lightning en-
tering your building from one of sever-
al directions.

Table 2 illustrates the difference in
earth resistance when temperature
changes. A single 8 foot x % inch dia-
meter copper ground rod has similar

i l6 AWG
B A R E  C O P P E R

L I G H T N I N G  R O D

N O N  I M E T A L L I C
, . U "  

G U A R D

G R O U N O  W I R E

B O N D  A L U M I N U I \ 4  S H I E L D
O N  C O A X  T O  E O P T .
C A S E  O f i  T O  G R O U N D
W I R  E

I F  E O U I P M E N T
H O U S I N G  I S  O N
P O L E ,  B O N D  T O
G R O U N D  L I N E
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... Leadership through marketing
Recognizing that leadership can only besustained
by new dynamics, new techniques, and a modern
image, Continental Copper & Steel is continuing its
dedication to an aggressive marketing concept.

No matter which division of fGf serves your mar-
ket, it serves with a dedication to distribution, service.
product responsibility and technicalexpertise that will

assure our mutual opportunities.
. . .  Since 1898

From the founding of our first division in 1898 to the re-
structuring of our company today, GGf, has served each

of its markets with distinction.
As we move fonruard we cannot forget the names Hatfield,

Braeburn, Hanover, Safeguard and Continental Rubber
Works which combined to form Continental Copper & Steel

Industries,Inc.
... A new symbol of purpose
Now it is appropriate that we continue our progress with a single

logo "f,f$ ", to identify our singleness of purpose - to continue to
distinguish ourselves in all of the marketsweserve.Tothisend,each

of our divisions has modernization and expansion programs under-
way to which our Board of Direclors has committed millions of dollars.

It is appropriate that the f;f,f banner lead your parade for progress
and greater profits.

ffiffif,Fil{E&n
eotfr utrrctnox pnoDucrr

5707 WEST BUCKEYE ROAD,  P.O.  BOX 14970,  PHOENIX,  ARIZONA 85063



problems when the earth's tempera-
ture changes:

perimeler (rare in CATV) require no
i"*et than four interconnect ions ( i .e.

each corner) to the ring ground buried
system. The connection points to the
exterior ring ground need not be total-
lv svmmetrical, but where cables enter
ind l*uu" the bui lding, there should be
a direct run fnom thc inler ior ground
bus to the exterior ring ground. This
keeps leads as shor[  as possible (Lhere-

hv 
'keeping 

imPedances down in the
giound'syslem) at points where . l ight
i ins str i i (es are l ikely Lo enter Lhe fa
cl l r ty.

Ii cannot be ouer emPhasized that
bond,'ing, inspite oJ'its simpl:icitt't, is a
uerg effectiue u)aA to protect aryxnst
the"haiurtls of surge uoltages' There
are two methods of reducing inductive
voltages associated with surges' One is
to reduce the length of the conductor
(i.e. cut the length of the wire into
which the surge voltage is being in-

duced). The other is to dislribute the
induced current (which is inevitable)
over a mul l ip l ic i ty of palhs lo ground'

Bare copper wire has long bet 'n ul i -
l ized, along wi lh copper-clad ground
rods, lor the construcl ion ol '  ground
systems. The durability of such metals
his been proven by long experience'
However, the cost of this metal has
risen dramatically and there has been
some use of more passive ( i .e.  higher
resistance) metals. One acceptable
sten in that direction, which also con-
tributes to a lower longer term corro-
sion (stability) for the grounding sys-
tem, is the use of stainless steel ground
rods (alloy #304 or higher) and inter-
connecting the rods with bare tinned
copper wire.

When installed indoors, or outdoors
where protection is afforded, #6 AWG
copper wire is electrically adequate for
bonding and grounding. For d,irectbur'
ia l ,  #2 AWG sol ia copper is pre[erable
because i l  holds up wel l  to mechanical
stresses. A sol id conductor is prefera-
ble to stranded conductors for burial
because i t  holds up better to corrosion'

So i l  So i l

I_g-pjl- Resistance

60 degrees 82 ohm-meters

33  deg rees  135  ohm-me te rs

31 degrees 330 ohm-meters

Rod
Resi  stance

3 2  o h m s
5 1  o h m s

1 2 8  o h m s

Where frost Penetrates below the
depth of the ring ground counterpoise
conductor, the effectiveness of the to-
tal  sround s.ystem fal ls onto the earth
clr iven sround rods. Even when Lhe
frost does not penetrate, the lowering
earth temperature greatly diminishes
the effectiveness of the nominally low
impedance grounding sYstem.

Thus,  the  tendencY to  s la r t  ouL w l [h
an B foot ground rod, but to "give uP
early" when driving it home, should be
tempered by the realization that the
, lopih ul '  the drtuen rod mag be the
ttn ' lq srr i ' inq factor in uinter wealher '
The r ise in head end "potent ial"  (rela-

Live to DC earlh ground) can be qui le
dramatic in cold weather.

When You starL oul to conslrucl  a

new head end, and have the oPtion of
placing a welded sleel  reinlorcing cage'belo* ' lhe 

f loor,  connect ing to the r ing

sround ou ts ide  o f  the  bu i ld ing ,  and a l l

Equ ipment  bays '  e lec t r i ca l  condu i t '  e lc '

insid 'e of the bui lding, you at lcr ts l  are
oresented  w i th  Lhe chancc  to  do  lL

i inhL .  Ho*"ver ,  when the  head end is

alieady installed, digging up the con-
crete floor to place a reinforcing cage
below is infeasible.

An "after construction" system can
be put together util izing-#2 AIVG cgp
ner condJctor aLtached direcLly to the
ins ide  wa l l  o f  the  bu i ld ing  and runn ing
around the full inside circumference of
the building. It should attach directly
to lhe metal  door frame, Lo any electr i -
cal conduit on the walls, and by way of
"branch runs" tie to all equipment bays
and racks. The internal ground bus
must be connected to the exterior
buried ring ground at several poiltp'
Buildings ihat measure 100 feet inside

30
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For the interior ground bus, strandecl
#2 AWG copper is acceptable since cor-
rosion should not be a nroblem.

Some form of metal fusing, such as
cadwelding, provides an effective and
durable means of  connect ing the com-
ponen l s  o l ' n  g round ing  sys tem toge th -
er .  Prcssure t 'onnectors ore nol  r icom-
m,ett,d,etl, because they tend to loosen in
t ime,  and corrode.  Once they loosen.
Lhe res is tance of  the conneci ion r ises
sharply ,  even more sharplv  as corro-
s ion sets in .  This  d imin ishes the overal l
low res is tance ( impedance) of  the
ground system and creates a point
wherc arc ing can occur  and possib ly
crcate an explos ion.

Antl Lines entering the head end can
br ing l iehtn ing surges in to the bui ld-
ing, c,r act as an outward bound path
I ' o r  s t r i kcs  t o  t he  t ower  a r ray .  No rma l
ly ,  l ines coming in are power and te le-
phone.  Right fu l lv ,  we are more con
r : r : rned about  surges coming into our
heud end f rom str ikes on Lhe Dower or
t r . k ' p h o n r '  l i n t ' s .  t h t r n  w e , i . , '  w i t h
sLlr!l(:s Jxrssing through lhe head end
into thc inward bound Dower and te lco
i i n c s .  S t i l l ,  i l '  l  s l r i k e  h i t s  n u r  t o w e r ,
I ' lows through the hcad end and knocks
out  t ,he inbound power and/or  te lco
snrvice, tt ' t: sttt lul, the lass oJ' sertice
iust th,e .some (even if not the direct
<:ost  of  repai r ) .  So,  i t  behooves us to
pro lect  our  system for  both inbound
and outbound surges thut  t ravel  a long
t h t '  u I i l i t v  I i n e s .

The ut i l i ty  pole l ines and/or  your
t runk l ine out  of  the head end repre-
scnt  lhe same type of  hazardous source
as your  tower,  only  i t  is  lower to the
ground and has some protection by vir-
t "ue of  i ts  low provi le .  St i l l ,  on runs
across rura l  country,  the pole l ine is
of ten lhe la l lest  th ing around and i t
t akes  i t s  l umps .  Based  upon  f ron ta l
lype storms (0.37 strikes per square
mi le per  s torm)and f i f ty  thunderstorm
days per year, the odds shape up l ike
this for 30 foot poles:

F E B . .  1 9 7 5

o . 1 7
0.34
0.68
0.84
1 . 0 1

Thus. i f  you have an exposed f i l tv
pole run into town, where we theoret i -
cally have better "shielding" protec-
tion for the poles, and are located in an
area where fifty thunderstorms per
vear occur, you can count on lhe pole
run of f i l ' ty poles to get zapped at lbast
once each year. If your pole run is on
one set of poles, and power is on anoth-
er pole run, then your total exposure is
the sum o1 all of the poles around you
lerading to or from the head end.

Kr,:ep in mind that the "strikes per
year" ilre r:alculated upon square miles
o[ area, and that within the immediate
square mile of your tower, your tclwer
is probablv the dominant feature. I t
will take e,ll or most oll of the strikes,
unless i t  is "shielded" by other nearby
tal ler towers. The poles close to the
hcad end, or those within a radius of
the tower base etlual to 3 to 4 times the
height oi  the tower, wi l l  seklom be
struck directl,tl. Once you get beyond a
tlistance of 3 to 4 times lhe tower
height from the tower base, any poles
so located are prime targets for ilght
ning, i f  they are not shielded by other
(numerous) tal l  objects.

The Run, To Your Head End,

How the utility brings service to
your head end effects the type of light,
ning protect ion required. Elevated
sites, which are common in CATV, are
general ly on rocky soi l  which presents
a  much h igher  res is t i v i t y  than a  low
lying marsh area, or flat area with
moist soi l .

Open wire utility plants have sub-
stantially higher insulation strensth
than paired cables. The likelihood of
l ightning t lumoqing an open ut i re sgs-

Total  Pole Run Length

1 0  p o l e s
20  po les
30  po les
40 poles
50  po les

Str ikes For Run/Per year

f
J I



DIAGRAM 9

temis not great, because they can sup-
port higher voltage surges than lines
ionstructed from paper insulated ca-
bles. Consequently, where open wire
utility lines interface with paired or
covered cables, special protection mea-
sures should be taken.

Wire plant serving a CATV head
end (see Diagram 9) should be term-
inated on the outside of the building,
nermil l ins the ground lead from Lhe
protectorJ Lo be run direct ly to the
t 'xternal bur ied r ing ground. The duty
on these protectors will be severe,
deeming it advisable to use qas-tube

nrotection to reduce the possibility of
permanent ( i .e.  shorted) grounding.
tlas-tube protection may be applied in
either of two ways:

(1) Cornbination of fail-safe gas
tubes in a fuse-tYPe mounting,
listed by UL for this PurPose;

(21 Gas tubes in Parallel with the
carbon blocks in a UL listed
fuse-type mounting.

In the case of telePhone Protector
mountings, connector blocks, and
terminals, a dual element gas tube can
be conveniently mounted.

Where the open wire plant junctions
with plastic insulated cables (PIC)'
protectors should be applied to all
wires entering the PIC cable. This is
another situation where gas tubes,
rather than carbon blocks, are prefera-
ble because they are less apt to fuse
and become permanentlY grounded.
Paper shielded cables should be
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avoided at the CATV head end, as theY
are especially vulnerable to flash-thru.

Another means of reducing surges
on open wire transmission systems-is
to piovide auxiliary protection !y--in-
stalling protectors between each line
wire and a ground electrode (B foot x
% inch ground rod) within a quarter to
half mile of the CATV head end.
Where possible, selecting the ground
electrode point by virtue of superior,
less rocky, more moist soil, will in-
crease lhe grounding protection. Gas
tube protectors are recommended in
this si tuat ion.

When the CATV head end is fed bY
telco lines with a metallic sheath cable,
the diameter of the metallic sheath ca-
ble is usually quite small. This means
the shield resistance of that cable is
quite high. Consequent ly,  very large
voltages can be produced bettaeen the
inner conductors and the shiekl. bY
surge currents of even moderate inten-
sity. Because of the severe nature of
the exposure around a CATV tower,
metallic trnd paper sheathed cables are
simply not advised for service runs to
the CATV head end. It behooves the
cable operator to point this out to the
telco personnel planning your instal la-
tion, and to ask for PIC in the installa-
t ion.

Aboue Grourul EntrA

The above ground entrY comes to
your head end in much the same way
you will probably leave your head end
with your trunk cable-utilizing a mes-
senger cable to support the utility ca-
ble. See Diagram 10. The messenger
(or neutral) power service cable should
be connected directly to your exterior
ring ground system.

Belout Ground EntrA

Lines brought into Your head end
belotn ground have several advan-

CATJ for



tages, although the initial expense is
higher than aerial construction.

The actual distance (from the head
end to the building) you bury the in-
coming lines is not critical unless you
are able to get the utilities to bury for
a distance equal to, or more than, 3 to 4
times the tower height. This is the pre-
ferable method, since it eliminates any
opportunity for "flashing" from the
above ground tower to the incoming
utility lines. It also reduces the amouni
of "metal hanging in the area" around
the head end, thereby reducing the
overall l iability.

Barring this, if the utility service
lines can be brought in for the last 20
feet underground, there are some ad-
vantages to be realized. Diagram 11
shows how the  u t i l i t y  sLrand,  the  meta l
conduit  ( i f  such conduit  is used),  the
cable shield ( i f  there is one),  and the
cable terminal are commonly bonded
not only together, but to the exterior
ring ground system and the interior
ground bus system.

Prot,ection of Equipment

Everything thus far has been relat-
ed to providing protection to the build-
ing; that is, equalizing all potentials
inside and outside of the building so
that high resistance paths do nof de-
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velop dangerous voltages. Naturally, if
there is any way to keep the strike
voltage out of the building, we want to
do it. Following the guidelines given
here, you will be able to provide the
maximum extent of protection CATV
head ends can realistically afford.

Still, the danger of surges and tran-
sients for head end equipment re-
mains. The unique low voltage ratings
of solid state CATV gear employed it
most head ends presents unusual pro-
tection problems for head end gbar.
For economic reasons, CATV head end
equipment is frequently designed with
small inverse voltage safety factors.
Even transients, created bv the
switching of AC power sources i i .e.  at
the sub stations or power sources), are
dangerous to semi-conductor rectifier
oevlces.

It is generally recognized that while
a typical CATV head end may be
treated to a direct lightning strike only
a few times per year, the frequency of
lightning-induced surges along and
through the AC power mains may be
from 2 to 5 times as great.

I N T E R N A L
P E R I M E T E R
G R O U N D  B U S
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Such surges, in addition to normal
switching transients encountered in
many rural areas on a daily or weekly
basis, often exceed the capacity of solid
state protection devices normally built
into CATV head end gear. Naturally, if
the ratings are exceeded for a suf-
ficient length of time, the solid state
components fail. However, it should be
noted that there are two basic ap-
proaches to surge protection:

(1) Detect and shut dou,tn
Through the use of very fast
switching circuits, the presence
of a voltage surge is detected
and the AC power circuit is dis-
connected from the load for
either a timed period, or until
the surge has leveled off at the
normal voltage level.

(2) Su;amping-By employing very
large inductors in the AC pow-
er circui t ,  the sudden surge
voltages are "swamped" by the
natural action of a large trans-
former-inductor. In effect, the
surge is dissipated in the con-
stant voltage transformer.

Lightning potent ials in communica-
t ion plant systems are pr imari ly longi
tudinal ( i .e.  cond, 'uctor to earth in f low),
but metallic voltages (cond,uctor to
cond.uctor) develop because of resis-
tance ( impedance) imbalances. These
imbalances can develop at a mult i tude
of locat ions within a head end, and
euen u;ithin, a discrete piece of proces-
sing equipment.  One study of a remote
communication facility found that in a
total of ten thunderstorms, there were
249 surges ranging from 40 volts to 550
peak volts across a pair of discrete
wires located inside a metal l ic sheath
cable. The range 40 volts to 550 volts is
important because there is a "window

region" here where normal air  gap and
line protectors do not perform (they
normally start to function at some
voltage in excess of 500 volts),  and
where solid state devices fail. General-
ly, voltages from the operating voltage
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up to approximately 100 volts are pro-
tected by available solid state diodes.
Between 100 volts and 500/550 volts
there is an area for some concern, es-
pecially in older solid state gear pro-
duced before the latest advances in di-
ode technology.

Diodes are chiefly employed for pro-
tection from metallic voltages, since
most head end equipment is transform-
er operated, and transformers, assum-
ing they have adequate swamping ca-
pacity, interrupt longitudinal path
surges. Generally, the dielectric
strength of transformers, with respect
to DC ground, will exceed 500 600
volts, and discharge gaps (i.e. external
lightning protection devices on the AC
line) will provide adequate voltage
limitation above the rating of the die-
lectric protection or break down value
for voltases that exceed this value.

The f i r i t  step in reducing the magni-
tude of power line surges entering a
CATV head end is by the use of light-
ning arresters on the AC secondary
service conductors. The preferred loca-
tion for these arresters is the service
weather head. See Diasram 12-A and
72R.

Exnerience has shown that a 175
volt  iecondary arrester wi l l  provide
dependable protect ion for equipment
such as tower lamps (motors, heaters,
etc.) .  However,  such arresters are not
adequate for protecting soiid state
equipment.

For protection of solid state equip
ment, low voltage arresters are re-
quired. They are usual ly instal led on
the AC distribution circuits within the
head end, or on AC power strips
mounted on each rack. When an AC
voltage regulator, such as a SOLA
CONSTANT VOLTAGE TRANS-
FORMER, is installed between the AC
secondary service power box and the
AC distribution lines within the head
end, this will normally protect against
surges in the low voltage range elimi-
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DIAGRAM I2-A
nating the need for a low voltage ar-
res te r  c i reu i t .

When the entire head end operates
continuously from a battery bank, the
batteries provide an excellent ',dump-
ing ground" for surges. However, the
use ol a battery bank does not negaLe
the need for arresters across the iec-
ondary service (i.e. at the weather
head or service entrance). The bat-
teries operate through a typically solid
state diode trickle charging system,
and the rectifier diodes stil l reeuire
some large value surge proteclion,
even if they are looking at the AC pow-
er mains through a transformer.

Mllths Abctut Proter:tion

Some effort at definitions is desira-
ble because of the many myths which
have developed through the years
about l ightning protect ion:

An un'ester is a discharge device
used on power <. i reui ls to I imit  abnor-
mal surge and transient voltages. The
atresters in use for equipment protec-
tion are normally rated for 600 volts or
I E S S .

A protector is a simple discharge
(air)  gap device used on communica-
t ion circui t  equipment.

Arresters are utilized on circuits
having appreciable, steady state vol t-
age ( i .e.  117 VAC). Therefore, a simple
discharge gap (i.e. protector) *ould
continue to conduct steady state cur-
rent,  af ter the abnormal iuree which
initially operated the gap haI attenu-

F E B . .  1 9 7 5

ated to a safe or normal value. The
steady state current flowing through
an arrester, after the surge has attenu-
ated, is referred to as "power-follow

current". It cannot be tolerated for any
appreciable time because current dis-
connect devices will operate and de-
energize the circuit, and the arrester
will be damaged. It is necessary, there-
fore, that arresters incorporate some
type of "clearing mechanism" in addi-
tion to the discharge gap to prompily
interrupt the flow of power-follow cui-
rent. Clearing on DC circuits is much
more difficult than on 60 Hz circuit,s.
Consequently, typical clearing voltages
lor one given type of ar.rester i re
usua l ly  g iven  as  "50  V dc ,  o r  l?b  V rms,
60 Hz".

The arresters which the power utili-
ty installs on its primary circuits adja-
cent to a transformer (i.e. service step
down transformer) are intended tb
protect the transformer exclusittelu.
They do not provide protection for tlie
secondary circuits and the associated
CATV head end equipment. Diagrams
12-A and 12-B show the location of such
a benevolent gift from the power utili-
ty, and the location of addltional nro-
tection which you, the user, must in-
stall. In this diagram, if a primary volt-
age of 7.2 kV is assumed, the ariester
would have a sparkover value of 24.0
kV (crest) on a 1.2 x 50 microsecond
wave. These protection values do not
offer any protection to the secondary
voltage user.
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DIAGRAM 13

Get After the Pouser CompanA

In Diagram 12-A, we have a scheme
to provide increased reliability for the
seruice transformer feeding your head
end. This technique places 36 kV
sparkover arresters on each leg of the
delta distribution system primary, and
an isolating gap (sparkover device),
properly rated, from the neutral of the
MGN system back to the grounding
electrode lead on the primary side.

Most power company grounds de-
pend upon a single earth driven rod (8
feet if the installation crew isn't lazy!).
On the other hand, your CATV system
head end ring ground system, if you
follow the suggestions here, has a
much lower resistance with respect to
ground than the power company single

B U S E S  I N  D I S T R I B U T I O N
C A B I N E T
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DIAGRAM 15

rod. Naturally, it behooves you to ask
them to connect their ground on their
service pole to your ring ground sgs-
tenz. Normally, the power utility will
cooperate with you on a comnlon
ground connection, since they know all
too well the grief they can have with
their power line into your head end
location if adequate ground precau-
tions are not followed.

Three Simpl.e SecondarA
Arrester Schemes

Diagram 13 shows how to Prevent
surge damage to a single piece of
equipment through the use of a Joslyn
Model 1250-02 arrester installed at the
load end, with the arrester floating
above ground.

Diagram 14 expands the single unit/
single arrester concept to the common-
ly found AC power bus found wired
into CATV head end racks.

Diagram 15 takes the single arrester
approach to service for the entire head
end, by placing the arrester across the
AC input line(s) in the main service
disconnect box.
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TRANSIENT CLIPPER
FORCATY POWER SUPPLIES

SELECTING "PAPERS'' FOR

PUBT,ICATION

The publication of this paper by Bob
O'Hara, of Theta-Com, marks a depar-
ture from the CATJ format of nearly
one year. Our format has called for in-
ternal generation of articles, reports,
and papers for publication. Material
submitted has been handled through
our Technical Topics column, or
through melding into other similar ma-
terial, by our staff, into a complete re,
port.

In the future, articles or papers pre-
pared by readers wil l  be considered for
publication provided (1) you make in-
quiry as to our needs, and for our sug-
gestions on particular slants or depth
we ieel might be required for a topie,
and (2) that commercial izat ion for par-
t icular products or concepts be
avoided.

To be considered for publication, all
material must detail not only a solution
to a problem, but the problem itself.
Solut ions (often disguised as products)
are useful to CATJ readers only when
all facets of the problem itself are cov-
ered by the author.

Product mention is certainly not ta-
boo, but thinly disguised product data
sheets prepared as "articles" are not
l ikely to f ind space in CATJ.

Address inquir ies concerning publi-
cation material to Editor-in-Chief. Bob
Cooper.

Snip Off Peaks

TRANSIENT CLIPPER

By:
Bob O'Hara,

Pro duct Sal,e s Manag er- CATV
THETA- C O M Sub sirlinry of
Hug he s Aircraft Compang

Transient caused outages and equip-
ment damage in the CATV industry
has been, and continues to be, a very
costly factor to the CATV systems op-
erator. An extensive investigation of
protective devices aimed at preventing
transient damage has resulted in the
development of the Trons'[ent Clipper
by Theta-Com. The Transient Clipper
is intended to prevent damage from
one source of transients. For discus-
sion, we may categorize transients into
two types:
A. Transients that are caused due to

power line faults, power line Ioad
changes, and Iightning effects
transmitted from the power lines
into the CATV power system.

B. Transients caused by power line
disturbances and direct lightning
or atmospheric effects coupled in-
to the strand or coax of the CATV
system.

The key point in diagnosing and
treating the transient il ls is knowing
where they enter the cable system (see
Diagram 1).
1. The Transient Clipper will protect

against those transients ("A"

I
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pared to the 2l+ uolt trans'istors u,te use,
the magnitudes are formidable!

The lack of adequate transient pro-
tection (assuming you are in an area of
high transient activiby) can be expen-
sive in maintenance cost, equipment
damage, and most serious, Ioss of cus-
tomers. Equipment damage includes
expensive R.F. transistors, power sup-
pl ies, and passive devices.

This damage will occur from tran-
sients coming either through the pow-
er supply, or from the other direction
down the coax. Let's look at how the
Transient Clipper protects the system
from transients which enter through
the power supply. The typical wave-
form from a ferro-resonant supply is
shown in Diagram 3. The peak value is
62to72 at full load and no load respec-
tively. The Transient Clipper is con-
nected across the 60 volt (rms.) ter-
minals and "l' i l l conduct, when the peak
voltage exceeds 97*/-olo in either a
positive or negative direction. This is
done by a network of avalanche (zener)
diodes. The voltage and current waves
of the Transient Clipper and two other
devices are shown in Diagram 4.

I_20 - t  usEc

DIAGRAM 2
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DIAGRAM I

type) coming through the CATV
60 I1z power supply. It will not
protect against the "B" type tran-
sients entering from the coax and
strand direction. These will be dis-
cussed in the latter part of this
report.

2. The difficulty in handling tran-
sients is clarified if we look at the
nature of transients. i.e. rise time.
duration, and particularly the
magnitude of the currents and
voltages.

Direct lightning strikes have had the
following recorded:

Current:
10,000 amps avg. to 160,000 amps
max.

Rise t ime:
12,000 V/usec

Voltage:
72,000 v

Waveform Definition:
6 x 20 is a standard test waveform
for typical lightning strikes. The
first number (6) is the rise time,
the second (20) is the time to de-
cay to 1/z amplitude, as shown in
Diagram 2.

Power line surges resulting from
switching load transients can range
from one usec to the larger part of a
second. Cunents of 2,000 amps and
voltages of 15,000 volts are not uncom-
mon. Higher and lower values for tran-
sients can be cited. and uthen com-
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Characteristics of the
Tronsient Clipper-

The sharp curve (zener characteris-
tic) allows the breakdown voltage to be
set rcasonably close (130o/o) to Lhe op-
erat ing volLage. Other devices used
start at 200o/o, and some so to 400o/o
voltage, before complete lreakdown.
When the Transient Clipper conducts,
it clips aboue g1 uolts, but does not
present a low impedance or short cir-
cuit, as does the spark gap device. The
turn on and off time is very fast at
10-12 seconds (one mitkonth of one mt
crosecond). It has a peak power dissi-
pation rating of 15,000 watts and a
peak pulse current rating of 800 amps.
The small size of the Transient Clipper
allows it to be easily mounted in the
power supply housing.
Problems Cured bA the
Transient Clipper

Ferro-resonant type power suppl ies
(whrch are used by the major i ty of

%  O F  O P E R A T I N G  V O L T A G E

DIAGRAM 3

COAX

h5}

CATV systems) produce a voltage
transient of 2 to 3 times rated output
uoltage when turned on. This will de-
cay to normal voltage in 2 or 3 cycles of.
the 60 Hz frequency. The Transient
Clipper will clamp these at a lower
voltage than the spark gap type de-
vices. The spark gap units at times
would not turn off due to the Dower
supply short circuit current. When
they do not turn off, they will destroy
themselves by melting leads or soldei
joints in the associated circuitry. The
Transient Clipper does not have this
problem as it turns off at approximate-
ly 91 volts peak.

Erperience uith Transient CLtpper

The basic circuit device in the Tran-
scient Clipper has been used in air-
borne electronics equipment to protect
voltage sensitive componentJ from
large voltage transients. The device
was tested in the Theta-Com Engineer-
ing Laboratory and subsequently in-

f
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AEL HAS CLIPPER

Transient clipper Model TZ-1 has re-
cently been announced by AEL. Model
TZ-1 connects to the output winding of
the cable system power supply and can
be used with either 30 or 60 VAC sYs'
tems. The specs are as fol lows:

(1) Peak pulse power dissipation-
15,000 watts at 70 d-egrees F

12) Clamping t ime-10-12 seconds
(3) Max Peak Pulse Current-300

amps
(4) Peak Clipping Voltage-91

volts, */- 9 volts
(5) Net Price-$29.50
A copy of a data sheet on the TZ-1 is

available from AEL Communications
Corporation, P.O. Box 507, Lansdale,
Pa. 19446.

stalled in several systems that were
experiencing severe transient prob-
lems. The resulting reduction in tran-
sient damage and outages has been
dramatic in most cases.

Cate g orA "B" - Induced Tronsients

Coar Sheath & Strand

There stil l remains trouble areas in
these systems that continue to experi-
ence blown fuses and transistors.
These problems typically were from
transients entering the cable system
uin the coax'inl cabl.e and strand. Theo-

retically, the Transient Clipper could
be used at the indi,uid.ual amplifier
pouer supplies, and would provide
some protection in these situations.
However, it has not been evaluated in
this use; it would only be a band-aid
type fix, and not the proper cure for
this type of transient.

Other protective devices presently
in use include fuses, spark gaps, etc.
and they prove useful. ManY times
they create a secondarY Problem bY
doing their job of protecting equip-
ment, but creating a system outage in
the process. The most important con-
sideration for system protection from
this type of transient is a good ground-
ing system. To understand what a
"good" grounding system is, Iet's look
at a simplified example of how the
transients are produced (see Diagram
5). Surge currents in the power strand
and lines produce a magnetic field
which, by fundamental principles of in-
ductive coupling, produces a uoltage'in
the CATV strand and coar sheath.
This voltage produces current which
flows toward the best ground point, as
does the surge current in the power
strand.

There are three grounding situa-
tions shown in Diagrams 6.{, 68, and
6C which are significant. In all three
situations it has been assumed that the
surge current in the power strand is

POWER STRAND

CATV STRAND
\\.t '/

T R U N K  A M P L I F I E R
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5,000 amps, and a surge has been cou-
pled into the CATV strand and coax
sheath of 1,000 amps. A ground resis-
tance of 5 ohms has also been assumed.

Diagram 6A, the CATV strand is"strapped" to the power strand, and
the sum of 5,000 and 1,000 amps flows
through the common ground resis-
tance of 5 ohms, producing a voltage at
the amplifier case of 30,000 volts.

In Diagram 68, a separate ground
lead and rod have been installed on the
CATV strand which is stil l strapped to
the power strand. The total surge cur-
rent of 6,000 amps divides equally be-
tween the two grounds, and produces
15,000 volts (3,000 amps x 5 ohms) at
the amplifier housing. This is a 2 to I
improvement over Diagram 64'.

In Diagram 6C, the strap has been
removed from the power strand, allow-
ing the surge current in each strand to
follow the separate grounds installed
on each system. The 1,000 amps in the
CATV strand will produce 5,000 volts
(1,000 amps x 5 ohms) at the amplifier
housing. This is a 6 to 1 improvement
over Diagram 6,4..

The above is intended to il lustrate
the problems that can be encountered
in grounding systems, and the impor-
tance of low ground resistance. There
are "attachment" requirements, in
many instances, necessitating strap-
ping to power grounds. However,
many systems having consistent tran-
sient problems are able to cure them
only bg remouing the strap. This was
done after all other remedies had been
tried. A good grounding system is
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necessary to reduce the high tran-
sients to a minimum before they reach
the equipment. If this is done, then
various protective devices stand a bet-
ter chance of protecting the equip-
ment.

Transistor protection is provided by
the spark gap (Siemens) devices. They
are the onlg deuices in use that have a
suffieiently lnut capacitance to attach
directly to the center conductor, uith-
ozt effecting the RF signals signifi-
cantly. In the future, a low capacitance
device having a zener-type characteris-
tic would provide a significant im-
provement, and reduce the number of
R.F. transistor losses. Use of the Tran-
sient Clipper and a good grounding
system have proven to be a satisfac-
tory solution for many systems that
have been plagued with transient out-
ages.

DIAGRAM 6-A
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BasicallA Dtfferent

In our four month series on field
strength meters (October/November/
December 1974 and January 1975)
CATJ looked at the design criteria and
basic meter operating habits of five
popular CATV SLM/FSM devices. In
the course of that series, we developed
some basic operating data about virtu-
ally all instruments on the market, and
found a number of areas where even
the most expensive instruments had
potential, if not real problems.

Our primary continuing concern as
we developed that series was the accz-
racy of absolute caLibration to make
real FSM test measurements in hard
numbers. We found meter scale linear-
ity and detector efficiency were two
criteria that continually caused prob-
lems for meter designers. Readers who
have not reviewed that four nart series
are  we l l  adv ised to  do  so  a t  th is  t ime.

The Aruin Systems,lnc. Model 5008
signal level meter is very new on the
CATV scene. Attendants of recent
CATV trade shows have had the op-
portunity to see this meter and discuss
its design philosophy with Arvin's
Jack Cauldwell, but very few opera-
tors have had this new instrument in
the field.

When the previous four part series
on SLM/FSM devices began, Arvin
contacted CATJ and asked if they
could provide us a meter for evalua-
tion. We said, 'Szre, send it down." In
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mid-December Jack Cauldwell, accom-
panied by engineer Paul Buddendecli,
bro'ught a meter to Oklahoma City for
a one-day evaluation and learning ses-
sion.

The 5008 meter approaches the
measurement question from a new di-
rection. The premise behind the un-
usual approach is to "eliminate meter
scale non-linearities and detector effi-
ciency problems" that translate into
errors on the meter-scale display.

A R V I N  S Y S T E M S ,  l N C .  M o d e l  5 O O B  c o v e r s  5 - 3 O 0
M H z  w i t h  3 6  p r e - p r o g r a m m e d  p u s h  b u t t o n s  f o r
c h a n n e l  s e l e c t i o n

CATJ for
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Most meters have a mechanical/elec-
trical display range, via a mei,er move-
ment, of from 20 to 30 db per r&nge.
The 500R does not; its display range is
4 db. The designers of the b00B [ave
limit,ed the meter display range to a
very narrow segment of the dbmv
scale or the theory that by operating
the whole unit (includino detector)
within a range of * /- 2 db", the errors
that creep into 20 or 30 db scale width
meters are el iminated, or great ly cur-
ta i led .

The "heart"  of  the 5008 then be-
comes the front end switchable attenu
ators, :r system of 10 db and 1 db sterr
f l l  t cnu f lLors  in  a  ro ta ry  conf igura t ion
that al lows the user to sum the 10 db
range with the 1 db range to have 1 db
steps from -30 dbmv ( 32) to *60 dbmv
(+62) .

You operu,te the meter differently
than other meters, because your scale-
window in your display is l imited to
+/- 2 db. On the assumption vou
have som,e idea what the signal "ung"
is,  you "crank in" the appropriate
amount of 10 db attenuators to be the
bal l  park. Then you "f ine tune" with
the 1 db step attenuator unt i l  the me-
ter reads zero on Lhe */- 2 db win-
dow shown on the meter face. When
the meter reads zero (see photo) the
true signal level is determirred by look-
ing at the cal ibrated scale on the atten-
uators. What they read out,  whi le the
meter scale is "zeroed", is the level you
have.

With that basic description of. how
the 5008 differs in operation from oth-

F E B . .  1 9 7 5
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5 O 0 B  c a l i b r a t e d  a t t e n u a t o r , , w i n d o w s "  r e a d  o u t
l e v e l  o f  s i g n a l  a f t e r  u s e r , , z e r o s  m e t e r ' ,

er meters, let's see what is inside of
the "black box".

As Diagram 1 shows, the input sig-
nal (over any range from 5 to 800 MHz)
first sees a set of precision rotary at-
tenuators, 10 db per step and 1 db per
step, as previously explained. Follow-
ing the step attenuator is a broadband
RF pre-amplifier, which has circuit
temperature compensation for high
(frequency) end equal izat ion.

Following the pre-amplifier is a dou-
ble balanced mixer (Mini-Circuits
SRA 1).  The double balanced mixer
sees the RF input from the input F
connector, plus, it also sees a variable
carrier frequency oscillator (i.e. local
oscillator) that operates at some ad-
iustable frequency between 205 and
355 MHz. The product of the input sig-
nal (say 50 MHz) and the VCO (say 805
MHz) is the first i.f. at 355 MHz. How
the local oscillator is derived will be
covered shortly.

Following the 355 MHz output mixer
is an i . f .  f i l ter,  at  355 MHz, and then a
second mixer,/conversion stage. This
one sees the 355 MHz i . f .  input and a
335 MHz oscillator which produces a 20
MHz i.f. output. The 20 MHz i.f. is the
basic gain i . f .  in the unit .

Following this 20 MHz output from
the second mixer (also an SRA-1 dou-
ble balanced type) is a variable attenu-
ator; l/- 3 db through a pin diode
(voltage controlled) system.

+J



Finally the signal sees a fairly con-
ventional diode detector/high imped
ance DC amplifier that drives the 

-me-

ter element.
Total gain through the package,

from input to the front-end RF pie-
ampl i f ier,  to Lhe meter ampl i f ier,  is 62
db according to Arvin.

Now actually the 355 MHz i.f. is onlu
for low band signals.  The VCO oper-
ates in the 205-350 MHz range for 6oth
low and high band. It works out like
this:

I npu t
Frequency

5  M H z
5 0  M H z

1 0 0  M H z
1 5 0  M H z

vco/Lo

3 5 0  M H z
305  MHz
255  MHz
205  MHz

l .F .  Ou tpu t

355  MHz
3 5 5  M H z
355  MHz
3 5 5  M H z

62 db
C I R C U I T

G A I N

1 5 0  M H z
200  MHz
25O MHz
300  MHz

205  MHz
2 5 5  M H z
305  MHz
3 5 5  M H z

5 5  M H z
5 5  M H z
5 5  M H z
5 5  M H z

DIAGRAM 1

Then the signal encounters its first"gain" since the broadband RF pre-
amplifier (ahead of the first mixer), a
bi-polar 20 MHz i.f. stage. This is fol-
Iowed by a 20 MHz i.f. fi lter network
and then a second bi-polar 20 MHz i.f.
amplifier.
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Recall that there are no actiue (i.e.
amplified) stages between the input
(RF) broadband pre-amplifier and the
first 20 MHz i.f. amplifier. What is
there are two mixers-a diplex filter,
and the pin diode fine-adjustment at-
tenuator. The diplex filter has two sec-
Lions: one that passes 355 MHz (for lout
ltan,d. signals converted to the high fre-
quency i.l.) and one that passes 55
MHz (for high band signals converted
to the low frequency i . f . ) .

A  t o t a l  o t  7 2  p o t s  ( t r i m m a b l e  r e s i s t o r s )  o p e r a t e
c a l a b r a t e  c o n t r o l s  ( 2  p e r  p u s h  b u t t o n  f r e q u e n c y ) ;
C A T J  s u g g e s t e d  t h e  p o t s  b e  l a b e l e d  f o r  q u i c k  r e f e r -
e n c e

I\
i
;
!
I
I

-
I
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No Manuql Tuning

The 5008 is tuned encl;u.siuelu bv
push buttons, thirty-six in all. 

"ThL

push buttons act ivate a fair l .y s lraisht
forward set of  switching diodes that"(1)
set the oscillator tuning for conversion
to the first i.f. (for low band or high
band), (2) select the proper second, is-
cillntor for conversion to the second
i.f., and (3) select the proper amount of
individual channel compensation so
that the level you read on the meter is
within the specif icat ion of the unit  (* /
-  1  d b ) .

The push buttons can be pro-
grammed for any frequency in the
5-300 MHz region, with eighteen but-
tons normally seL aside for low band
(5 150 MHz) and eighteen buttons set
aside for high band (150 300 MHz).

Visuol or Aural Carriers

Selection of the visual carrier level
or aural carrier level is a front-panel
sl ide switch which selects one of t*o
oscillators in the second mixer stase.
For  example ,  i f  you  are  tuned Lo  ch in
nel 6 video ( i .e.  have channel 6 button
pushed in) and are reading video level,
the first VCO (programmed via a con-
trol voltage on the push button
switch) is tuned Lo 277.75 MHz. This
LO voltage, plus the 83.25 MHz chan-
nel 6 video carrier signal voltage re-
sults in a mixer output of 355.0 MHz
(see Diagram 2-A).  Then by mixing the
355 MHz i.f. with a 335 MHz crystal
oscillator in the second LO, we 

"have

the basic 20 MHz i.f. output from the
second mixer.

Now, lo get audio out of lifs, Arvin
feaves the front end tuned 27f .7SMHz
VCO/LO alone and switches the
second crystal oscillator from a BB5.O
MHz unit to a 339.5 MHz unit (see Dia-
gram 2-B and the mathematical analy-
sis along the right hand edge). This
produces a 20 MHz i.f. from ine AZ.ZS
MHz channel 6 aural carrier. To make

F E B . .  1 9 7 5

C R Y S T A L
O S C I  L L A T O R
o N  3 3 9 . 5

A U D | O  R F  L E V E L

DIAGRAM 2-B
this scleme fly, Arvin must keep its
355 MHz diplexed i.f. fi lter qljte flnt
over at least the 355 359.5 MHz region,
or the aural carrier would be filter-
sloped down (or perhaps peaked up-
ward) out of proportion to its associ-
ated video carrier.

AII of this "magic" is accomplished
by simply sliding the front panel
switch from video to aural.

The 335 and 339.5 MHz oscillators
are shown in Diagram 3; they begin at
111.667 and 113.167 respect ively and
triple to 335 and 339.5 MHz (tripler
section not shown). Note that selection
of the respective oscillator is through a

83.25
F I R S T  +
M I X E R  2 i \ 1 s

335 MHz

S E C O N D
I \ I I X E R

M I  N U S
335.0

20 MHz
t .  F .

C R Y S T A L
OSCI L LATOR
o N  3 5 5 . 0
M H z

V I D E O  R F  L E V E L

DIAGRAM 2-A

F I  R S T
I V ] I X E F

81.75
+

2 1  1 . 7 5

359.50 MHz

IV IN US

sEcoND 339 5

M I X E R  
z o  m g .

I F

20 MHz
I . F ,  O U T P U I

20 l$Hz
I .  F .  O U T P U T
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DIAGRAM 3
panel slide switch, via a 12 VDC supply
line.

Indiuidual Channel Compensatinn

Diagram 4 typifies an individual
channel push button switch. Compen-
sation is individual to each channel,
and it appears that between 5 and 300
MHz there may be as much as 5 db of
individual push-button-channel com-
pensation available.

There are two adjustment pots (see
photo) per channel 1 to set the VCO
frequency so that when the push but-
ton switch selects the channel, the
proper voltage appears at the VCO,
which produces the proper tuning of

tem to eliminate operator tuning of
angkind. However, in the final form in
which the meter is now being shipped,
the AFC system has been replaced
with a manual fine-tuning adjust knob
(see photo). This fine tuning allows you
to "peak" the meter reading on any
single channel. The tuning range of the
fine tuning is approximately */-1.0
MHz.
Pou,tertng SAstem

The 5008 always operates from the
batteries, even when operating from
AC. That is, the power supply is for
DC operation and even when the unit
is plugged into AC outlet (for charge
cycle) the unit draws current through

the voltage variable capacitor (thereby the battery supply.
putting you on the chosen frequency).
The other is a compensation adjust-
ment for that channel, via the pin diode
attenuator.

There is also a vernier (electronic)
fine tuning on the i.f., to compensate
uin a front ponel knob for small
changes in VCO action. Arvin original- while operating and has a 1.2 amp ca-

i ly showed the 5008 with an AFC sys- pacity. The recharge time according to
I
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The basic supply is an 18 volt DC
supply (full charge) which shuts down
(i.e. refuses to supply regulated output
voltage) when the cument drain re-
duces the supply potential to 15 volts
DC.

The unit draws 120 mA of current



Arvin is 12 hours at 100 mA per hour.
Seemingly if you operated the unit
uhil.e it utas plugged in and charqinq
(i .e.  at  the head end, shop, etc.)  yoir
would be drawing out 120 mA per iour
and replacing only 100 mA per hour,
thereby losing 20 mA of charge for
ea-ch hour operated. Apparently for
full time operation from-110 VAC fi.e.
through the charger) you have to start
out with at least a modest charge to
offset the differential between going
out and coming in! For full time 6enc[
operation, the 5008 might need some
modifications in the power supply y' it
were going to be used constantlv-on
the bench. Arvin does advise that a 12
VDC external source jack will be avail-
able shortly on the back apron, so the
unit could be operated from an erter-
nal 72 VDC supply such as a battery.

In addition to the basic 1g volt Db
supply (regulated to 12) there is also a
very small (i.e. small in current load)
23 volt supply for operation of the
channel selector system; 1 mA load is
all that is util ized here. In the unit
which CATJ saw, this was supplied via
a secondary battery system; Arvin ad-
vises newer units have a multi-vibra-
tor system operating off of the 18 volt
DC supply.  See Diagram 5.

General Impressions

In the October and November issues
of CATJ, five separate FSM/SLM
products were reviewed and evaluated
for absolute and scale-linearity read-
ings. All five instruments were
'[Ii:TultaneouslY on the same

CATJ bench, and there were cross
checks possible between different
units because of the testing system
utilized. Because the Arvin SOtjg ar-
rived by itself, no such cross checks
uere possible (several of the other
units tested and reported on in Octo-
ber and November had been returned
to their respective manufacturers bv
mid-December's visit from Arvini.

DIAGRAM 4

2 0 s . 0 1
355.0
lV Hz
vco

+ 1 2  V D C
R  E G U L A T O R

1.2 AMP
B A T T E  R Y

F E B . ,  1 9 7 5

DIAGRAM 5

5OOB POWER SUPPLY
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ARVIN 5OOB

Frequency Range: 5-300 MHz
Measurement Range: -32 to t62 dbmv
Input Impedance: 75 ohms
Selectivity:

at 3 db points, */- 400 kHz
at 30 db points, l/- 1.5 MIJz

Accuracy: +/- 1.0 db, 20l+120 F
Temperature Range:

-40 F to +140 F (storage)
Power Requirements:

Rechargeable NiKad battery, 110
VAC (through battery on charge
cycle), 12.6 VDC

Weight: 15 pounds
Size: 8r/2" high x 101/2" wide x 731q"'

deep
Battery Drain: 120 mA
Minimum Battery Voltage Required:
15 volts for regulator to function
Price Range: $895.00

' fhus we connot present an absolute
Ievel evaluation of the 5008. We have
managed to talk Arvin out of a temper-
ature compensation chart, however,
and it is shown here as Diagram 6. This
chart depicts the amount of compensa-
tion they must design into the unit f.or
various frequencies between 5 and 300
MHz, at various environmental tem-
peratures. This is not an out-of-spec
report; it merely shows what "tricks"

the factory has to play with the circuit

+3

(dBmVl

+2

to make it "flat" to within their */- 1
db spec. Given these numbers for an
uncompensated meter, Arvin was able
to tackle the range of individual chan-
nel compensation adjustments and de-
sign the final parameters for the pin
diode attenuator located between the
second mixer and the input to the 20
MHz i.f. amplifier.

The construction approach to the
5008 is modular; the photo shows (al-
though not too clearly) that small slide-
in "U" channel trays hold the various
circuit sections. What does not show
too clearly is the fact that the circuitry
of the 5008 is really uerg struight for-
u;ard. A full set of schematics, which
Arvin left with CATJ, indicates that
(1) cautious use of temperature com-
pensation is found in the broadband
input pre- amp, in the 20 MHz i.f. am-
plifier and in the detector circuit; (2)
there is not an over abundance of parts
(i.e. circuits seem to have been re-
duced to their practical minimums); (3)
common parts-house type parts are
used throughout (i.e. given a full set of
schematics and an electronics parts
house in a city of 50,000 or mote, Aou
could probably duplicate the meter on
your own); (4) the only complexity in
the unit is in the 36 sets of switches,
with their attendant pots, diodes, re-
sistors, etc. to make the unit change

250

FREOUENCY ( lv lHz)

DIAGRAM 6

t
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channels, tune accurately, and compen_
sate.

Arvin's history in electronics is
heavily weighted in the oscillator field.
For m-any years they participated in
the military electronics rat riee sun_
plying complex, highly stable oscill l-
tors to manufacturers of complete mili_
tary communication systems. Arvin's
Jack Cauldwell mentions this historv
frequently, seemingly to illustrate thL
company's ability to produce a hish
quality SLM/FSM that is hightu de-
pendent upon oscillators for iti accura-
cy and usefulness.

The 5008 doesnot have an aural out-
put (i.e. speaker) although they do
have a no-c,ost option of providing a
dete.cted video output to diive a sc6pe
of ehart  recorder display. The video
(detected) output option provides 0.g
volts peak to peak with an inpul (RF)
level of *10 dbmv or greater.

The "battery check" switch on the
front panel checks the actual state of

f n t e r n a l  e l e c t r o n i c s ,  a s i d e  f r o m  l a r g e  a r r a y  o f  p o t s ,
i s  b a s i c a l l y  o n  i n d i v i d u a t  , , t r a y s "  i o r  a i r . r " t "  t i i l
c u i t  b o a r d s .

the battery charge (i.e. ft is ahead of
the regulator). It is marked "Bad" and"Good". Seemingly, with a known bat-
tery-supply capacity and a reasonably
linear meter, this "Bad" and ,,Good;'
battery indicator could, be re-scal.ed,
from "0o/o" to "1000/0" to indicate, with
appropriate marks along the way, the
exact amount of charge remainins in
the cells. The meter his a 1 mA m6ve-
ment.
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While CATJ had the unit here for
test, we took a look at the method by
which the input connector i;
mounted on the panel. Our analysis is
that you could. change it out in about
one hour's time with only modest fin-
ger pinching.

The argument Arvin makes for abso-
lute accuracy is an interesting one.
"Meter inaccuracies are primarily due
to (1) detector efficiency changes, (2)
meter element non-l ineari t ies, (3) me-
ter (DC) amplifier non-linearities, and
(4) temperature (environment)."  they
theorize. "The 5008 el iminates al l  but
the temperature portion, by doing
away with the 20 (or 30) db meter
range, and operating the detector at
one level (+/-  2 db) where eff ic iency
can be accurately determined." Then
they bui ld in individual (push button
connected) channel compensat ion so
thal,  as the al ignment tech sets the
unit  up, he can "tweek" upon the com
pensat ing control(s) and set the unit
dt-'ad on for each channel.

Seemingly,  with that type of ap-
proach (which is simi lar to the Mid-
State Communicat ions SLIM. excent
SLIM t 'mp loys  AFC as  wt ' l l ) .  th t , re  i s
only one way a meter can get out of
spec, and that i,s enuiron,ment.

Even though Arvin suppl ied us with
a temp comp chart  f rom lheir  design
notebook (Diagram 6),  we would pre-
Jerto see an erul,-user tentp com,p chort
that tel ls the user how many parts of a
db to comp up or down when the tem-
perature is this side or that s ide of a
normal 70 degree F environment.

Thbtps to Consider

We didn' t  have the meter i tsel f  lons
enough 1o develop any personal feei-
ings about how well it might perform
for us in normal useage.

Arvin makes the point in their data
sheet that measurement time is re-
duced with the 5008 because vou

h t l

merely "push the button and read the
level" for each channel. Truthfully, we
found we had to re-adjust the fine-tun-
ing compensation for most of the chan-
nels to peak the carrier in the center of
the passband; and this slor.r.,s you doun
from push-read-push-read just a tad.

When we went from reading visual
carriers to the same channel aural car-
riers, very little (if any) retuning was
required. This suggested to us that the"drift" was taking place in the VCO in
the front end, since, once we had sta-
bilized on the video carrier within the
355 MHz i.f., shifting to the audio car-
rier seklom required retuning.

We did check the accuracy of the 1
db and 10 db step attenuators, and not
surprisingly they were every bit as ac-
curate as our reference step attenua-
tors. Small wonder-the 500R uses
some very expensive, first quality ro-
tary attenuators in the front of the in-
strument!

The "narrow range" of the level-zero
-meter takes some getting used to, and
there may be some built-in limitations
lor som,e users. We can't imagine try-
ing to Lrack the depth of widely vary-
ing signal level ( i .e.  one fading over a
ranse more than the 4 db "window of
the meter") with the 5008. Many 20 db
meter-scale instruments are not "wide

enough" for tracking some beyond-
grade B signals and the 4 db range
seems altogether too tight for this ex-
erclse.

St i l l ,  as we said in the f i rst  part  in
our four part FSM/SLM meter series,
nobod,y has get bui,lt a perfect, do eu-
eruthing meter, because to do so would
require a housing so large that you
probably could not transport it! So if
you find yourself studying the 5008 for
maintaining plant and head end output
levels only, and disregarding time-
term measurements of widely varying
input to head end levels, you probably
are thinking with your head screwed
on correctly.

CATJ for



Zap Outages

NACOGDOCHES, TEXAS
VS. MOTHERNATURE

HIDDI.:N SUNGE COSTS

Surges in the CATV system plant
powering complex, regardless of the
origin of the surge, usual ly result  in
damage and,/or outage to some portion
of the signal transportation network.
AC power suppl ies, l ine ampl i f iers,  and
DC power suppl ies located within the
line powerc'd amplifiers are often par-
tially or totally destroyed by surges.
The ohv ious  dumtge to  equ ipment
costs money and t ime to repair ,  but i t
can be put biick into working order.

1 'h is  mi ry  no t  he  s t l  ev idenL *hen,ynu
cons id t ' r  th t " 'h idden damase"  lo  the
svs tem's  op( ' r r r t ion .  Spec i l ' i c i l l y ,  u  sys-
tem lhat suffers more surfTe dnmage
than i t  should has an on-going problem
with exist ing subscriber good wi i l .  I t
lu lso  hr rs  l r  p roh lem wi th  po ten t ia l  s .ys
tem subscribers who "hear" that the
cable is unrel iable and who never try
the service as u result .  Final lv.  there is
the potent ial  problem of out iges being
so f re r luent  th : r t  the  loca l  f ranr .h is inq
author i ty  lee ls  oh l iged,  under  p ressurc
of subscriber complaints,  to cal l  the
system on lhe carpet for an explana-
t ion of lhe outages.

IT HAPPENED II{ NACOGDOCHES

in7972 using al l  sol id state equipment.
Ttre system has approximately I2S
plant mi les and is located in an area of
Texas (200 miles inland from the Gulf)
where thunderstorm act iv i ty is verv
high (from 80 to 90 thundersiorm davs
per year,  and many days with mult iple
slorms., .

In the rebui lding process, Nacog-
doches Cable TV incorporated sonte
system grounding procedures which
should prove interest ing to other oper-
ators plagued with system outages re-
laled to surges. The key points to Lheir
program were as fol lows:

(1) A 6 foot grounding rod was in-
stal led aL euert l  act ive device
locat ion:

(2) A 6 foot grounding rod was in-
stalled at e,ue.rt1 AC power sup-
ply locat ion;

(3) A 6 foot grounding rod was in-
stal led aL eusry f i rst ,  last,  and
tenth pole (pcr run) throughout
the system;

(4) At these ground-rod locat ions,
all of the CATV facilities lo-
cated at these locations were
common-bonded to al l  adiacent
(same pole) ut i l i ty grounds or
strands:
The inputs to al l  AC power sup-
plies were surge protected with
GE (General  Electr ic) pel let
type iightning arresters;
At each AC power supply loca-
t ion, a t ime delay (relay) sys-

Teras Communitg Antennas (TCA)
of Tyler, 'Iexas owns and operates sys-
tems in Texas, Louisiana, and Arkan-
sas. One of the TCA systems is located
in Nacogdoches, Texas. It was rebuilt

F E B . .  1 9 7 5
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DIAGRAM 1

tem was installed to disconnect
the power supply AC input
mains from the AC (CATV)
supply when a surge was de-
tected, resetting after the
surge time had passed;

(7) Gas-fil led diodes were installed
on the ports of all amplifiers in
the system.

CHECKING THE SYSTEM

The rebuilding program was com-
pleted at the beginning of the peak
thunderstorm period for the area. Dur-
ing these storms, the system experi-
enced trunk, bridger, and line extend-
er amplifier failures, in spite of the
nurnerous precautions. Because the
system had recently rebuilt, and the"improved level of service" promised
by the system to the city was being
destroyed by the frequency of surge
outages, the City Council called TCA
on the carpet and asked for some indi-
cation that the problem would be re-
solved.

Wayne McKinney, TCA Chief Engi-
neer, and Fred Dempsey, then Nacog-
doches system engineer, established a
system behavior monitoring system.
The system's operation was closely
monitored for 30 days, at the end of
which it was found that:

(1) 32 DC power supplies in the
amplifiers had sustained cir-
cuit, component, or board dam-
age during the 30 days;

(21 29 "fuses" were blown at other
amplifier locations, resulting in
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outages and some minor circuit
eremation;

(3) 900/o of the outages occurred on
5 of the system AC powering
sections, and all 5 AC powering
locations were located on ter-
rain which was "above" (rela-
tively speaking) the terrain in
the general CATV area.

ENTER SURGE PNOTECTION

MODWE

In spite of the protection measures
taken by the system designers/plan-
ners/rebuilders in the solid-state re-
construction of the system, something
else was needed to correct the prob-
lem.

The TCA people took their problem
to the industry and found a solution. It
turned out to be the installation of a
newly developed (then) surge protec-
t ion device (1).

Willard Truckenmiller of C-COR
recommended to TCA that they (1) in-
stall a surge protection device on the
secondary of the power transformer in
each trunk and bridger amplifier, and
(2) install a transient protection device
on each of the AC power supply loca-

(1) In Nacogdoches, TCA installnd the
C-COR Model SPM-53 at trunk and
bridger ampkficr lncations, and the
Model TSM-93 at pouer supply Loca-
tions. C-COR's address is 60 Decibel
Road, State Coll,ege, Pa. 16801.

coxrol
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SPM DEVICES_HOW EFFECTIVE?

As related in this report, the Surge
Protection Module device (in this case
C-COR SPM-53 and TSM-93) installed
by Nacogdoches Cable TV, has proven
to be an important part of the "mix" of
system surge protection techniques.
But, just how eflective is the "SPM"?

Another feature in this issue of CATJ
suggests it has certain applications.

CATJ asked C COR just how effec-
tive they felt the SPM type unit would
be. We were told:

(1) An SPM unit protects by volt-
age lold back phenomena which
limits power dissipation. It
automatically extinguishes it-
sell and resets at the zero cross-
over of each one-half cycle of AC
voltage.

(2) An SPM is NOT a substitute lor
good system practices. It should
be considered a "mop-up" unit
for severe conditions. Systems
must still practice good ground-
ing techniques, lightning ar-
resters at the input to power
stations, gas diodes at amplifier
ports, and time delay relays on
AC power supply stations.

CATJ then asked C-COR how a sys-
tem goes about selecting an SPM unit
for their particular system and ampli-
fiers:

(1) Select an SPM which will not
fire under normal AC power
conditions. The SPM liring volt-
age must be above the AC volt-
age maximum.

(2) Mount the SPM in the amplifier
so that it utilizes the netal am-

plifier housing as e heat sink.
Connect the leads across the
secondary ol the power trans-
former, or in the AC power in-
put circuitry (as a second
choice).

(3) Adjust the amplifier "moin

fuse", if there is one, to prevent
the nuisance tripping of the fuse
when a surge causes the SPM to
fire. This should be determined
on the bench belore the units
are installed wholesale in the
field.

Are SPM's all alike? Apparently dif-
ferent manufacturers have slightly dif-
ferent approaches to the SPM design
problem, but the principal appears
very similar between units. Because of
the difference in amplifier operating
voltages, there are specific SPM units
for different amplifiers (brands), at
least at C-COR. For example, the
C COR Model SPM-53 (which handles a
maximum voltage of 53 volts AC, a rec-
ommended operating range of 30-48
volts AC, and a clipping voltage [peak]
spec of l+/-l75 volts) is designed for
the Jerrold Starline 1, Starline 20,
Starl ine 20 push-pul l ,  and C-COR 400
series amplifiers.

The long and the short (pardon the
pun!) of it is that you need to check the
specific requirements of your own
plant amplifiers, and pay particular at-
tention to your existing grounding
techniques, before you talk with an
SPM supplier about protecting your
own system for the coming barrage of
Mother Nature.

tions (on secondary of AC supply). In
all, 50 trunks and 59 bridgers were
protected in this manner.

For a2 week period immediately fol-
lowing the installation of the protec-
tive devices, the system monitored
system performance. The system re-
ported that the thunderstorm activity

F E B . ,  1 9 7 5

during that? week period was compar-
able to the previous month when the
large number of outages occurred.
During this monitored period, the sys-
tem experienced only one episode of
equipment failure (at a bridger ampli-
fier location). It turned out later that
the bridger module was probablU de-
fective prior to installation.
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SUMMARY

Approximately 21/z years have gone
by since the TCA system in Nacog-
doches rebuilt and went through an
anxious post-improvement period.
TCA's Wayne McKinney reported, "As

far as we can tell, the SPM units have
continued to work for us since they
were installed." McKinney added, "For

the price of the SPM type unit, it is

hard not to put them in, because just
going out and replacing a fuse one time
can cost you more as an operator than
the one-time cost of the SPM."

The SPM, like the Siemen's device,
is sort of a "trust me. . .I 'm working"
device. Unless they short (in failure),
you have a difficult time checking them
while they are installed in the air.
They can be checked, but the proce-
dure is usually done in the shop.

crAsL' j^r.*

C L A S S I  F I  E D

C L A S S - l - C A T  R A T E S :  C t a s s i f i e d  a d v e r t i s i n g  s p a c e
i s  a v a i l a b l e  a t  B  c e n t s  p e r  l e t t e r  o r  s p a c e  b e t w e e n
w o r d s .  T y p e  o r  p r i n t  i n s e r t i o n  r e q u i r e d ,  a d d  t h e
t o t a l  n u m b e r  o f  l e t t e r s  a n d  s p a c e s  b e t w e e n  w o r d s
a n d  m u l t a p l y  b y  8  c e n t s .  E n c l o s e  f u l l  p a y m e n t  w i t h
a d v e r t i s e m e n t -  T h e  d e a d l i n e  i s  t h e  2 O t h  o f  t h e
m o n t h  p r e c e d a n g  t h e  p u b l i c a t i o n  i n  w h a c h  y o u  w i s h
y o u r  a d  t o  a p p e a r .  C A T J  b o x  n u m b e r s  ( f o r  t h e  f o r -
w a r d a n g  o f  r e p l i e s )  a r e  a v a i l a b l e  a t  9 5 . O 0  p e r  i s s u e .
S e n d  a n s e r t r o n s  t o  C A T J  C L A S S - | - C A T S , 4 2 0 9  N W
2 3 r d  S t r e e t ,  S u a t e  1 0 6 ,  O k l a h o m a  C i t y ,  O k . 7 3 l O 7 .

G R E E N  S H E E T  _  S O U T H W E S T E R N  O P E R A -
T O R S  D E P E N D  U P O N  T H E  N E W  F R E E  L I S T I N G
S E R V I C E  O F  T H E  G R E E N  S H E E T ,  A  M O N T H L Y
L I S T I N G  O F  H U N D R E D S  O F  P I E C E S  O F  U S E D
C A T V  E Q U I P M E N T  F O R  S A L E .  Y O U  S H O U L D
T O O .  G E T  O N  T H E  G R E E N  S H E E T  M A I L I N G
L I S T ,  F R E E .  W R I T E  G R E E N  S H E E T .  P . O .  B O X
2 0 3 3 5 ,  O K L A H O M A  C t T Y ,  O K . 7 3 1 2 0 .

W A N T  T O  B U Y  -  J E R R O L D  1  W A T T  C A R S
B A N D  M I C R O W A V E  T R A N S M I T T E R  A N D  R E -
C E I V E R  ( s A M E  F R E Q ,  A N Y  F R E Q  L E G A L ) ,
W O R K I N G  O R D E R .  S E N D  D E T A I L S  &  P R I C E
T O  B O X  W l ,  o / o C A T J ,  4 2 0 9  N W  2 3 R D ,  S U | T E
1  0 6 ,  O K L A H O M A  C I T Y ,  O K L A H O M A  7 3 1  0 7 .

W A N T E D :  M A N  T O  T A K E  F U L L  R E S P O N S I -
B I L I T Y  F O R  P R I V A T E L Y . O W N E D .  2 O  M I L E ,
l O O  S U B S C R I B E R  S Y S T E M  L O C A T E D  I N
S O U T H E R N  C A L I F O R N I A  M O U N T A I N S ,  S E N D
R E S U M E  A N D  R E Q U I R E M E N T S  T O :  B O X  2 7 5 - 1 ,
% C A T J ,  4 2 0 9  N W  2 3 R D ,  S U T T E  1 0 6 ,  O K L A .
c t T Y .  o K .  7 3 1 0 7 .

C A T J REFERENCE
LIBRARY

Trac ing  ear ly  CATV h is to ry  i s  a  very  ted ious  job .  Wi th  the  poss ib le  except ion  o f  NCTA
Membersh ip  Bu l le t ins  p r in ted  in  the  1950 's ,  ment ion  o f  CATV in  na t iona l  t rade
(e lec t ron ic )  pub l i ca t ions  is  in f requent  a t  bes t .  In  o rder  to  do  a  be t te r  job  o f  keep ing
readers  adv ised o f  impor tan t  events  today ,  CATJ is  bu i ld ing  a  re fe rence l ib ra ry  o f  im-
por tan t  events  in  CATV o f  yes teryear .  But  we need your  he lp .  Spec i f i ca l l y ,  we need
comple te  co l lec t ions  o f  1950-1970 t rade pub l ica t ions ,  and o ther  news sources .  Perhaps
you have s tacks  o f  o ld  magaz ines  and the  l i ke  a round your  o f f i ce ,  wh ich  wou ld  he lp
comple te  miss ing  per iods  in  the  CATJ Reference L ib rary .  Donat ions  to  the  CATJ
REFERENCE L IBRARY o f  the  fo l low ing  pub l ica t ions  w i l l  be  gra te fu l l y  accepted ,  and
they  are  tax  deductab le !

TELEVISION DIGEST -  1946 to  p resent
NCTA MEMBERSHIP BULLETIN -  F i rs t  i ssue to  o resent
RADIO ELECTRONICS MAGAZINE -  1946 to  1970*
RADIO TELEVISION NEWS -  1946 to  1970"
P R O C E E D I N G S  O F  I R E / I E E E  -  1 9 3 6  t o  1 9 7 0 *
+Only certain issues needed; inquire before shipping.

S e n d  t o :  C A T J  R E F E R E N C E  L l B R A R Y , 4 2 0 9  N W  2 3 r d ,  S u i t e  1 0 6
Ok lahoma Ci ty ,  Ok lahoma 7  31  07
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DELTA.  BENCO -  CASCADE
EQUIPMENT OPERATORS
ComSonics Inc.  OFFERS:

* Complele Repoir Service on
A I I  D E L T A  -  B E N C O - C A S C A D E
Equipmenf

*  Complefe Repoir  Serv ice on
A l l  Types  o f  CATV Amps

t( Lisf of Typicol Repoir Cosf
Avoi lqble on Requesl

X For Other Avoiloble Technicol
Serv ices Wri fe or  Col l

P O .  B O X  i l O 6
HARRISONBURG,  VIRGINIA 228OI

PHONE (7O3)  434_5965

YOUR FULL SERVCE TECHNICAL CENTER
SERVING

MSO'S AND INDEPENOENT SYSTEMS

ADJUSTABLE
AC DELAY CIRCUIT

features housing made wi th p last ic  mater ia l
' a

* i

, ' * - ;J ' * l  '
. _  

, -  !

M O D E L  A C - 2 0  A C  D e l a y  C i r c u i t
.  I n p u t :  t r O v  b O H .
.  O u t p u t :  1 1 O V  6 O H z ,  1 O 0 O  w a t t s
.  D e l a y  T l m e :  2 0  s e c o n d s A  5  s e c o n d s
.  R e l e a s e  T i m e :  r / 2  s i n e  w a v e  6 0 H z
.  W i t h s t a n d s  s e v e r e  e n v i r o n m e n t a l  c o n d i t i o n s
.  C a p a c i t y  1 O O 0  w a t t

H I G H  S P E E D  S U R G E  A N D
V O L T A G E  S U P P R E S S O R

.  S e r v i c e :  I l O / 7 2 0  V  R m s  t o
6 O H z

.  S u p p r e s s o r :  L i n e  t o  l i n e
1 4 3  V R m s  2 O 0 V  p e a k
L i n e  t o  g r o u n d  2 5 O V
pea k

M O D E L  P P - 1 0
Surge and Vol tage

Suppressor

,-.-.l||-tgt

R e s p o n s e  T j m e :  5 0  N S
M a x  s i n g l e  s u r g e  c u r r e n t :

2 3  A m p s  f  o r  8 . 3  m s
P e a k  p o w e r  d i s s i p a t i o n

4 , 6 0 0  w a t t s  f o r  8 . 3  m s
Call Ernie La6on lar . letailst

Inlerlale Ielephone and Eleclronicl
P.0. Box 34497 Oallas, Texas 75234

Te f ephone (21 4't 242-1 53G

JERRY CONN & ASSOCIATES
.  Represent ing CCS HATFTELD

. Representing
LRC ELECTRONICS
ALUMINUM AND "F "

CONNECTORS

cALL (717) 263-8258 0R (717) 264-5A84

550 CLEVELAND AVE.
CHAMBE RSBURG, P A.  17 201

I,AP!
A r e  p o w e r  l i n e  s u r q e s  y o u r  p r o b l e m ?  D o
t h u n d e r  s t o r m s  s h u t  V o u  d o w n ?  T h e n
p f e v e n l  e q u l p m e n l  d a m a g e  w i t h  C  C O R ' S
S U R G E  P R O T E C T I O N  I \ i ] O D U L E S  i l r s t A I I E d
i n  y o u r  a m p l i f i e r  s t a t i o n s .  U n i v e r s a r  a p p t r c a
t r o n  a n d  e c o n o m t c a l  p r o t e c t i o n  f o r  a n y  m a k e .
W r i t o  f o r  s p e c s ,  a p p l r c a t i o n s  i n f o r 6 2 1 1 s .  a n d  p r r c e s

C-COR E/ed,ter'a,Inc.
6 0  D p r , b e t  R o d o .  S r d r p  C o i l p o e .  p p n r s y t v d n , d  1 6 8 0 1
I  e l e p h o n e  8 ) 4 . 2 3 8  2 4 6 1

'  R ,  F ,  T R A N S I S T O R S  "  O I O D E S

*  P O W E F  T R A N S I S T O B S  ,  E R E A K E B S

*  H Y B B I D S  ' C A P A C I T O B S

C O A , I P L E T F  S T O C K  O F  H I G H  B E L / A E I L I T Y

REPLACELJENT COMPONENTS fOR CATV EOU]PMINI

ROADBAI ID 8bo o to  o rx rE HTGHWAY
LAKE PAHK.  FLORIOA 33403
{305) 844.2458

t.|Gtt{tERrilG. [{c
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Great Antennas
and

Great Towers
from

ONE SOURCE!

U.S. Tower Company has been joined by
well  known CATV antenna engineer Tony
Bickel in the desrgn and production 0f the
newest, bul l inest, commercial l ine ol l0gs
and large parabolic dish antennas {0r
CATV.

RECENTLY INSTALLED
24' DISHES
North Myrtle Beach, S.C.
Jackson, Tn,
Hartlord City, Ind.
McMinnville, Tn.
Harr iman. Tn.
Russel Point,  0h.
0akridge, Tn.

0ur 24 lool (and larger) parabolic dish
antennas are low cosl,  but sturdy and very
well  designed. Most presently instal led
antennas are  br ing ing  in  100-150 mi le
UHF TV s igna ls .  0ur  new l ine  o f  h igh  ga in
logs are avarlable ready t0 assemble on
site (t0 save money!) Conlacl us for your
lower and anlenna needs.

U.S. TOWER & FABRICATI()N
C()MPANY

P.0.  Drawer  "S"
Afton, 0klahoma 74331

(918)  257-4351

TECHNICAL TOPICS
MID-STATE BESP()NDS

Your series ol art icles on Signal Level Meters has been
super. As lhe designer and manu{aclurer of SLl l \4, we are
l istening very careful ly lo your comments and cri t icisms
on what is avai lable and what needs to be avai lable to the
CATV market

lwou ld  l i ke  t0  make a  few comments  ab0ut  the  "Whal

We Did Nol Like" port ion 0f the l \4id-Stale SLll \4 review.
1) Regarding the briefness of our theory 0l 0perati0n

section of lhe owner's manual: this is a 00int well  taken.
and we w i l l  soon have a  more  comple te  manua l .  wh ich
among o ther  th ings  w i l l  inc lude a  rep lacemenl  pa(s  l i s t
and functional schematic diagram.

2) Begarding our str ipped attenualor knob; this is a
very good quali ty plast ic knob with brass bushing insert.
However, when you returned the meter, that knob was
s t r ipped,  a  qua l i t y  inspec t ion  overs igh t  tha t  shou ld  no t
have occur red .

3) Regarding the leather carrying case cover; the case
cover is designed to swivel around out ol the way and
there are two snaps lo which the cover is secured while in
an operating p0sit ion. This feature was apparently over-
looked ( l t  was - Editor).  This is a feature that wi l l  be
exp la ined in  our  (new)  manua l .  We wi l l  be  o l fe r ing  very
s00n an opti0nal meter case, metal,  with a piano-type
hinged cover that does open upward as you suggesl. l t
wi l l  have a strand hook and be a more conventional (727)
type housing, lor those systems that preler this type of
case.

4) Lastly 0n meler tracking; I  personally unpacked and
inspected the evaluation unit thal you had and indeed
there  was a  1 .0  db  l rack ing  er ro r  on  the  le f t  edge o f  the
meter face. lwish you had attempted to correct this with
the internal control in the meter, as you stated in the
ar t i c le  you were  " tempted to  d0" .  I  fo l lowed the  owner 's
manual procedure t0 the letter and gol the meter tracking
to  w i th  0 .15  db  over  the  en t i re  20  db  range and i t  i s
dead-on ( i .e .  per fec t )  in  the  center .10  db .

We are apprecial ive 0f your excel lent cr i t ic isms and
very grateful for your praise. Thank you.

Doyle T. Haywood
Vice President/Dir.  Engineering
Mid-State Communications. Inc.

The December CATJ contained a report 0n elementary
bandpass f i l ters (Pages 1 1 -1 B). The schematic drawing at
the lop 0l Page 16 (Diagram 6) for low band/high band
spli ts neglected to give the value of the f ixed capacitor
connecled in series from L3 to ground ( low band out leg).
The correct value for that capacitor is 10 pF.
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CATV
APARTMENT EOI.JIPMENT

CABINETS

"TONER, 
Where Experienced People and Proven Products

CONTROL MASTER CAIJIN ETS,,
AVAILABLI :  IN  IO SIZES

TO FIT  ALL YOUR NEEI )S

U S E S  S T A N D A R D  P A D L O C K
(not  inc luded)

OPTIONAL CYLINDER LOCK
( K e y  A l i k e )

OPTIONAT
V E N D I N G  M A C H I N E  L O C K

(Key A l ike)

, ,WE'LL S7'A('K OUII ( 'AI]INIiT'S
AGAINS'| ANY

IN THI' INDUSTRY!''

irt Stock Make the Difference"
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Would you helieUe a_
Jaclrpot eueny timc?

TOCOM "Blue Chip" signal handling system meets
today's one or two-way needs with flexibility for
tomorrow's multipurpose system requirements.

TheTOCOM'  s l o t  mach ine "
at  NCTA paid a lo t  of  win-
ners,  but  you can beat  the
odds every tirne you specify
ou  r  new  "  B lue  Ch  i p "  s i g  na l
handl ing system.

T h e  n e w  " B l u e  C h i p "
system is a practical and
economical  answer to cur-
rent  and future cable sys-
tem requirements.  l t  g ives
one-way systems the advantages of ad-
vanced design and greater  band-width,
p lus convers ion capabi l i ty  to  two-way
wi thout  obsolet ing equipment .

A l l  "B lue  Ch ip "  h igh  re l i ab i l i t y ,  s ta te -
of - the-ar t  ampl i f iers ut i l ize in tegrated-
c i rcu i t  technology and provide push-pul l

ou tpu t  f o r  ha rmon ic  sup -
pression.  The ent i re l ine
mounts in  a s tandard hous-
ing to min imize inventory.
M o d u l a r  c h a s s i s  d e s i g n
p e r m i t s  e a s y  a m p l i f i e r
maintenance and 60 vol t
power ing reduces power
losses.

For  23 years,  TOCOM
has been an innovat ive,

technology-or iented company.  Why take
a  c h a n c e  w h e n  T O C O M  e x p e r i e n c e
offers a "Blue Chip" jackpot every time?

Box 47066 . Dallas, Texas 75247 . 214/259-7691

I


