JOHN H, MULLANEY
CONBULTING RADIO ENGINEERS

F1ELD ENGINEERING NOTES CONCLRNING CHECK LIST T0 BE USED

AN CONDUCTING A DIRECTIONAL ANTENRA PROOF OF PERFORMANCE

A - GENERAL:

The i1tems discussed in this check list were primarily made up as a
guide for the engineer from this office who conducts a proof of performance
for one of our clients, There will probably be certain things coming
up on all proofs which may not be covered in this check list; hence, when
in doubt, call the office.

. In checking over antenna system layouts, Joseph Novik's RCA article
entitled "Installing Antenna Systems for AM Operation” (reprint frem
Broadcast News, June 1957, Volume 95) is good reading. Also, we recoemmend
using the Dresser-Ideco Company "hip-pocket™ tower check list in looking
over the mechanical construction of the array.

Regardless of what happens on a job, if an engineer will keep exten-
sive notes in an orderly manner, there is no problem that can't be solved
with the application of a' little common sensc and a re-check of parameters,
Before leaving our office, be sure to check out all of your field equipment
to make sure that it is oparating properly., When field. intensity meters
will not agree within 5%, the meter with the latest-calibration must be
used as the standard., Nothing will be gained by using a meter which is net
calibrated properly and trying to apply some correction ratio to your
measurements. It is better to airship this meter back to the office for
calibration and request another meter to complete the job.

The use of two-way radio is one of the most important tools we have
available to us in the setting up of a directional antenna system; conse-
quently, be sure that your two-way equipment is working properly when you
leave our office and arrive at the job. A little time spent working on
the mobile equipment can save many days in the field where two-way communi-
cations cannot be established. Therefore, concentrate on establishing good
two-way communications to your monitoriag spots.before getting toc far iato
the proof,

Remember that there are two basic items with which we must concern
ourselves in the operation of a directional antenna system. First of all,
the pattern's shape and last, but not least, the pattern's size. The
pattern’s shape is a function of the design formula {That is the spacing
between the towers and the difference in currents and phases between
these towers). Assuming no re-radiation objects close to the array, if
the proper currents and phases are established, you will obtain the proper
pattern's shape. The pattern’s size is determined by the driving point
characteristics of the towers and how well you match the electrical
parameters set forth by the pattern design formulas. A low Eppg means
that you have loss taking place within the array and assuming that vou
are working with anp array which can develop satisfactory Eppng. low values
only mean that you are burning up power in some portion of the phasor or

“coupling units because of improper phase shift or termination., High Epno
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A - GENERAL (CONTINUED):

meanrs that you do not have the proper current ratios or power divisian
between towers (assuming the pattern’s original Epgpg has heen determined),
or fer some reascn. not determined in the origipal design, the pattern
has a greater gain factor than our mathematics would lead us to believe,
If this becomes the case, it is a relatively simple matter to dissipate
some of the power hy introducing larger apparent resistances in the net-
works.

Use the following paragraphs as a guide in your work. Take your
time, make careful notes, and you shovld have little treuble in conduct-
ing your proof,

Before starting work at & statios verify that &ll necessary instruments
of authorization, construction pereii, telegrams from FCC, etc, are posted
at the transmitter. HRead all such documenis.

B - PATTERN'S SUHAPE REQUIREMENTS:

(1) Design Formula:
{a) Check out sample equation.

(b) What are the protection requirements and what F.C.C.
M.P.'s have been assigned? Datermine number of radials
necessary for proof (eight plus F.C.C. M.P.'s unless one
can show that less are needed). This is genérally done in
office before you leave, '

(¢) How was center-line and spacing for towers established?
Is it accurate? Be sure that true bearings have bean
used (Ask to see surveyor's report). (See procedure sheet
regarding surveying.)

(d) Are base elevations within 37 to 4" of that specified to
F.C.C.?

C - PATTERN'S SIZE REQUIREMENTS:

(1) Check office E,pg determinations and compsre these to equip-
ment company's specifications.

(2) Pnysical Check of Array Layout:

() Check to see that sampliag loops are placed from 10" - 147
from base of tower. Make sure that lipe is insulated from
tower, Couple up loops to approximately 70% coupling by
moving loop towards tower leg. Be sure that loops are on '
same side of each tower leg and oriented in same direction
because an error in orientation will cause an error of 180
in indicatad phase. If towers are OVEr 130% tall, loops
should be jocated at maximum current point on tower and



JOHN H, MULLANEY
CONBULTING RADID ENBINEERS

-3 -

C - PATTERN'S SIZE REQUIRERENTS {CONTINUED]:

(2) (continued):

(b)

(¢}

~(d)

{e)

(f)

(g)

(h?

line strapped to tower and brought over base insulator by means
of an isolation coil. ‘

The tower impedance should be checked with the sampling line
disconnected from the top of the isolation coil to make sure
that isolation coil is not shunting down or effecting hase
inpedance

Check telephone system between towers and building. Be
sure that telephone at bhuilding is located next to phasor.
Check each tower with lights on for leakage vopltage by
using a VIVM (Be sure if a three wire system is used

that the neutral wire is bonded electrically to the tower
at several points)., If voltage measures over 15 volts,
have tower lighting cable checked out for partial shorts,
The usual place where shorts are found is at the junction
boxes and splices. Also check photo-electric control.

Check coupling house layouts against schematic didgrams for
correct wiring and value of components, tso check grounding
strap.

Check phzsor for layout against schematic diagram.for correct
wiring and value of components. Also check grounding strap and
phasor electrical controls, such as transmitter re-set and day-
night pattern switch. Be sure that relays at tower change
properly with phasor controls. Check inter-locks on transmitter
and phasor doors. Check all fittings for tightness.

If transmitter has not been tuned, use manufzcturer's instruction
beok and tune. Use dummy-load for tuning. Set oscillator
frequency to required tolerance required hy F.C.C. Have at least
three frequency checks made during proof for F.C.C. Form #302,

Make sure that construction which would affect array is completed
before starting proof. (JItems such as complete ground-system,
fences around tower, proper number of insulators in each guy wire,
etc.) :

If a8 solid dieicclicle cable such as hu-17, or HG-8 is used

for regular transmission lines or sampling lines and these lines
gre buried (below the frost line), it is also wise to line the
trench where the cables are placed with pehble stone or light
sand.

'

Lines should not be buried unless they have been designed for burial,
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C - _E_éTTERN 5 SIZE 1{L(¢L£5Ly
(2) {(continvedi.

Assuming that tie trassmissicn lines are not buried, they are
generally supporisa by pulses varying in height from

2" to 47, tach ol these poles should be grounded into the regular
ground system., We have found that sometimes when lines are sus-
pended above the groaad there will be "hot-spots™ along the line -
due to the fact that the grouadiaghas been made with 2 single piece
of No. U or No. 6 wire which is practically so ground &t all.

When a ground is attached to the coax and rusn down along the
side of the pole. it shouid be a1t ieast a 2" piece of copper
strap. Al connections ghould be brazed or silver soldered

in order to assure a non-corrosive joint,

If the line is of the RG type before attaching the ground strap be
sure to first "hard-doider” a piece of braid to the strap, then
carefully clean the insuiation off of the coax, and use this piece
of braid for attaching to the coax., This conaection should be
"soft-soldered”, to prevent buraing of the coax insulation. One
way to check the "hot-spot™ 1s to watk up and down the length of
the lines with a fieid meter with its lcep carried parallel to the
grovnd (minimum pick-ep to ground}. As the field meter is carried
along the side of the iine. the [1eid meter will have a tendency to
increase in fieid and possibly try to go of { scale if a "hot-spot™
is found. Tnis s ansther way of saying standing waves exist on
the line.

(3) Measure the foliowing:

(a) Transmission lines to determine ZO and O shift (See Procedure
Sheet #1). !

(b) Sempling lines vo determine 2, and & shift. Determine
correction factor for each line if correction networks
are not immediateiy inserted {See Procedure Sheet #1),

(c) Muotceal and seif-impedance {See Procedure Sheet #2),

(d) Reactance for each coupling component at each tower.
' Use piece of adhes:ive tape for marking number of turns. if tney
are not marked. Tabuiate this informatioen in work book.

{e} From design infocrmation determine which tower is to be
usaed for noa-directisnal measurements and then made a
series ¢f impedance measurements for this tower plus or
minus 30 KC s exther side of uperating frequency (other
towers im array to be ficating if height is 90° or less,
or de-tunec 1f towers are cver 90°), Make as maay 5 KC
check point measuremsnts as possible. Obtain a minimum
of 10 measuremenis. If. due to interference or some other
reasonr this s not possipiza thes extend the band over
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C - PATTERN'S 3514 REQCIREHENTS (CONTINUED) ¢

(3) (centinued):

()

(g)

(h)

(i)

Gy

(k)

which the measurements are taken to obtain the required number
of points, Tabulate the data in work-book. Be sure to check
to see if lighting chokes have any effect on Z measuremsnts by
disconaecting chokes during measuremenis. Chokes should

not affect measurements more than 5%, if at all, and in

case they do cause more effect, they shovld be de-tuncd

by changing the value of the shunting capacitors across

them (If towers being measured are over 90° tall, the

floating tower must be de-tuned)., Also hazve someone vibrate
tower guys and pound on tower with insulated object to make
sure it is not sffected.

Alter step (e) is completed, match coupling componernts
(coupling house components) to transmission lines (See
Procedure Sheet #3 for techniquel.

Calibrate all transmission line and base antenna meters

by placing them in series in the non-directional tower

and adjusting power input to coupling unit so that meter's
full scale deflections will not be excecded. 1t may be
necessary to use different combinations of the meters
because of their scales in order to make this check. It

is not uncommon to find new r.f. meters of ths same type
which differ as much as 20%. Inasmuch as the F.C.C.
requires meters with a tolerance of 2%, this situation can
sometimes create a problem. The best way to solve this, if
pther meters are not available for changing, is toselect the
meter with the most accuracy, or recalibrate each meter in
the field. Procedvre Sheet #4 describes this technique.

After step (3){c) is completed and driving point Z's are
determined, set up individuval driving points for each
tower, using work-book tabulation for settings. Once this
is completed, the towers are now ready for power, either
non-directional or directional.

Measure T-network components in phasor, power dividing
networks, ® shift networks, ete. Tabulate in work-book
and mark with adhesive tape if turns are ndt marked.

The phasor is now ready for setting up. Determine desired
power division from driving point calculations and then
select true common point Z desired (from original office
work sheets) and then set up in same manner described in
Procedure Sheet #35. Once the above is completed, the
array is ready for proofl. -

Put power on and calibrate phase monitor according to
manufacturer’s instruction book. Then adjust sampling

line meters by use of "calibration pots". Also, install
phase correction networks for sampling lines (See Procedure
Sheet #6), If reguired,
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We assume that the site is generslly & good one. That is,
no high tension lipes, smake-stacks Gx ciher re~-radinting
objects axe withia %cvﬁral weva-lenasthe of the asyray,
hecauze we nave csuwiivaed cur client hbout these fzctiors
and further, we have tried to check his eoviasl photcs

to make sure thzt such cbjecis ave not eround, however,

in szpite ions, wnen areival st & site;
we Son ry (sihay theaa 8 nowvmal aervice
linel Qﬁiﬂg through the arezy ¢z ¥iq % ;
toways, large meial bulldings. or & :

avray, etc., Thase shiecis gensrali
array and nust be "neutintized” bef

a made (See Procedurs Hhoet ¥7 fox
ducing or eliminating thass effacis

Mowr ¢heck array '”1h
snifi, powerdiui;
settings, if or'giﬁ“
pittern according to MoRi Ptor,

} ‘
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<
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P Trete)

Naw run non-~directicnzl mossuremasis slong with cross-
radials. Solsct prospzctive M.P. Jocations during nen-
directional maasuromantis. :

After non-directional measurements 2ze cempleted set up
severz]l check peints for arvay and esiaplish twenway
communication botwsen these lscatiocns ond the traasmitter
building. Tn31 touch up phasor for pattern’s shage and
Feps, using thes2 points as a eriteria {8zg PFrocaduze
Sheet #{)., When rray is adjusted to mropar raties for
"check points” er M.P.'s, thean vun DA ripse-radial moasure-
ments {zame location as U>ﬂ” for nan-DAR}. Check cross-
radial measgurements by ratios and plods on nolar paper.
This techrique should indicaio dropel spo of the pettern
and tha DA msasureanesnts cap thep Do

After the DA measurements are complai zd sralyzed, the
final psrtions of the presf can now D spleted. Al}
items on F.C.C. Fovim %302 should be z red, Sage
additisns) pointers ¢ consider ave:

(1) Chsck C.P. =2gainst knzwn facts fo0 amy chenges,

soa af how to lacaos MUP., diaw

(2) WYrite up descripti
2 azp showing locmtions, afd azke BLOLO ¢f M.P,
locziionz.
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C - PATTERN'S SIZE REQUIREMENTS (CONTINUED):

(3) (continued):

(q) Make up tabulation for chief engineer of dial-division
changes versus field intensity readings at M.P., assuaing
phase shift and currents read correctly on monitor.

(r) Go over proof and entire array with chief engincer, out-
lining maintenance requirements, operation, location of

M.P.'s, etc.



