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CONFIDENTIAL 

Radiation Characterislks of the IACAMO-1V-A 
Airborne VLK Transmitting System 

[Unclassiticil litle| 

Fdwaro F. Bark and Wiiiiam F. (iarnhr 

f Jectronni^nelu Propnaotion Branch 

Communication* St icnces Division 

ll ) . he Naval Revea,vh I alx,raU,ry and o.he, Navy 
duc. an investigation to determine the vertical effective radiated fumer (VI KPi ol the 
TAl'AMO IV-A airborne VI » tranvimlting system I he mobile nature ol is sys 
retired s^al technmues for this investigation A senes of comparison tests seas made 
in which the TAC AM« IV A was Uwated near the ground based transmitting statu. 
NAA at Cutler. Maine, and operated at I* 2 kHz. a frequency close to that ol NAA 
(17 8 kHz). Simultaneous lield-strength measurements of special transmissions (rom 
tie two transmitting systems were made a, great distances Precise measurements of the 
|!T\A radiated power and a comparison of the received field strengths were used 

termine the TACAMO-IV A VFRP . , . vi-up measurements 
(C) This report is intended as an analysis ot the results of the 
with particular Emphasis on its application to the prediction ol communication cove ag 
to surface or subsurface receiving systems. The results show that the system design ob¬ 
jetive of an average VERP of 100 kW was obtained However, the optimum communi¬ 

cations from the TAC AMO systems are achieved while flying in a ,'*h' - 
orbit oattem Even under optimum conditions the received held strengths from the 

TACAMO-IV-A and other TACAMO systems have an ^, P^u‘ed ^ 

ation of .1 dB. S.nce this fluctuation occurs 'TlrlMiTlVAs kW which ' n 
for communication coverage predictions for the TAC AMO-IV-A 

an below the average 100 kW. 

INTRODUCTION 

(C) In March 1970 the Naval Research 
Laboratory (NRL1 took part in a joint program 
with the Naval Air Development Center (NADO, 
the Naval Air Test Center (NATO, and the 
Lockheed-Georgia Company to measure the 
vertical effective radiated power (VERP) of the 
TACAMO-IV-A system. The TACAMO-IV-A 
is an airborne, very-low-frequency (VLF) trans¬ 
mitting facility developed as a feasibility model 
for the Navy by the Lockheed-Georgia Company. 
The development of the TACAMO-1V-B system 
is now under contract. 

~ NRl. Problem R07-22; N AVEI.ECSYSC OM. SPECOM. 
PME-117: Project XI508 Task D. This is the final report on 
one phase of this problem: work continues on other phases. 
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f$ TRANSMISSION OR thf 

'NY MANNER TO AN UNM.'TI 

(C) Since the TACAMO-IV-A is an airborne 
system employing thousands of feet of trailing 
wire as an antenna, the measurement of its VERP 
requires special techniques other than those used 
for such measurements for a ground-based VLF 
transmitting station. The techniques employed 
will be discussed more fully later, but basically 
they consist of a series of measurements whereby 
the field strengths of the TAC AMO-1 V-A trans¬ 
missions and those from the VLF transmitt.ng 
station (NAA) at Cutler. Maine, were measured 
at distant sites. During the period of these com¬ 
parison measurements, the TACAMO-IV-A was 
operated near the NAA transmitter, and at a 
frequency (18.2 kHz) close to that ot NAA 
(17.8 kHz). The radiated power of NAA was 
accurately measured, and through the comparison 
of the field strengths of the TACAMO-IV-A and 
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NAA at distant points, the VLRP of the I At A- 
MO-IV-A was determined. 

(O I'he VLRP measurement program, a part 
of the “Proof of Performance” evaluation of the 
TAt'AMO-lV-A system, was carried out by 
making lield-strength comparison measurements 
at Rota, Spain; Roosevelt Roads, Puerto Rico; 
l.syes, Azores; and Marietta, Georgia, by NR1 , 
NADC, NATC, and l.ockheed-Georgia, respec¬ 
tively. In addition. NRL made measurements in 
the vicinity of NAA to determine its radiated 
power and continuously recorded all the special 
TACAMO-IV-A and NAA test transmissions 
nearby at Ellsworth, Maine. In an effort to gain 
more information on the characteristics of the 
transmissions from this airborne transmitting 
facility, arrangements were made to have data 
recorded in Buffalo, New York, by the Cornell 
Aeronautical Laboratory, in Boulder, Colorado, 
by the Westinghouse Georesearch Laboratory, 
and in San Diego, California, by the Naval Elec¬ 
tronics Laboratory Center. In addition, some of 
the test transmissions were recorded near Wash¬ 
ington, D.C., by NRL. 

(C) The Navy Long Wave Propagation Center, 
maintained by NRL, is responsible for predict¬ 
ing the communications reliability of all Navy 
VLF transmitting facilities. This report is intended 
as an analysis of the TACAMO-IV-A VERP mea¬ 
surements with particular emphasis on the appli¬ 
cation of the results to the prediction of communi¬ 
cation coverage from this airborne transmitting 
facility. 

BACKGROUND 

(C) The TACAMO airborne VLF transmit¬ 
ting systems have been in operational use by the 
Navy for several years. The fourth generation of 
these systems, TACAMO-IV-A, was developed 
to demonstrate, among other things, the feasi¬ 
bility of radiating about 100 kW from such an 
airborne system. The radiated power from previous 
TACAMO systems was roughly 10 kW. The pre¬ 
vious versions employed a single, half-wave¬ 
length, trailing-wire antenna, whereas, the TACA- 
MO-IV-A had a several-thousand-foot trailing-wire 
counterpoise in addition to the antenna wire. 

(U) When transmitting, the TACAMO is usu¬ 
ally flown in a tight-orbit pattern so that the trailing- 

wire antenna will assume a configuration with the 
maximum degree of verticality. In this manner 
the VERP is maximized along with the communi¬ 
cation-coverage range to a ground-based or sub¬ 
merged receiving system. Since the I ACAMO 
antenna is elevated and has at least some degree 
of horizontal component, horizontally polarized 
held components are generated and propagate to 
great distances. Basically the I ACAMO antenna 
is a complex elevated dipole. The fields from ele¬ 
vated dipole antennas have been treated theoreti¬ 
cally by Wait (I), by Galejs (2-4), by Pappert 
(5), and by Pappert and Bickel (6). 

(C) Kelly's (7) theoretical treatment of the 
elevated dipole and its associated fields was more 
directly applicable to the orbiting TACAMO situ¬ 
ation. In a classified report, Kelly (8) compared his 
theoretical results with the results from many 
experimental investigations of the fields from 
several TACAMO systems. In this lattei work, he 
shows that the field strengths from the TACAMO 
can exhibit orbit-related variations as large as 
30 dB if a high degree of antenna verticality is 
not maintained. Kelly states that as the antenna 
goes around a circular path (orbiting TACAMO), 
the interference between the VLF waveguide 
modes generated by the vertical and horizontal 
components of the inclined antenna cause these 
periodic field-strength variations. When the hori¬ 
zontal component of the antenna is small (high 
percentage of verticality), the interference effects 
(field-strength variations) are small. The magnitude 
and sense (whether increasing or decreasing) of 
these orbit-related periodic variations are a func¬ 
tion of the distance and bearing of the receiver 
from the transmitter. The received field strength 
may have one or two cycles of variation during 
each orbit, depending on the distance as related 
to the modal interference pattern of the resultant 
field propagated from the TACAMO. Also, aero¬ 
dynamic forces on the trailing-wire antenna cause 
it to rise and fall (yo-yo action) during each orbit. 
This yo-yoing produces an oscillation in the in¬ 
clination angle of the antenna, which in turn pro¬ 
duces an additional periodic variation that can 
either enhance or reduce the received field-strength 
variations caused by purely orbital motion. The 
resultant variations depend on bearing and range, 
again related to the modal interference pattern of 
the fields. 

CONFIDENTIAL 
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(l!) The yo-yo action ot the I AC AMO an¬ 
tenna is present whether the aircraft is flown in 
an optimum orbiting configuration (maximum 
degree of anienna verticality) or in a wide orbit. 
However, when operated in this optimum con¬ 
figuration, the I AC AMO field strengths show a 
comparatively small (about ) dB) variation per 
orbit, b.xperimental data indicate that this variation 
is produced by the yo-yoing, which results in a 
variation m the effective vertical length of the 
antenna while increasing the horizontal component 
only slightly. The above information, concerning 
the large variations that may occur when the 
orbiting of the l AC'AMO is such that the horizon¬ 
tal component becomes appreciable, is furnished 
only to provide background information concerning 
the electromagnetic fields propagated from the 
TACAMO antenna. 

(U> It should be noted that during the multiple 
test flights for this VERP measurement program, it 
was repeatedly demonstrated that the TAC AMO- 
IV-A could be flown in an optimum orbiting con¬ 
figuration for which the total excursion of the 
field-strength variations was about 3 dB per orbit. 
It should be further noted that the weather condi¬ 
tions during this period were variable and not 
always ideal. 

(O The results of this investigation did sub¬ 
stantiate the theoretical work by Kelly (7) con- 
cernint' the distance and bearing dependence of 
the field-strength variations, although this state¬ 
ment is in conflict with the conclusions drawn by 
Owen and Burns (9). 

INSTRUMENTATION 

(C) The method of measuring the TACAMO- 
IV-A radiated power by which the field strengths 
were compared with those from NAA at distant 
sites, did not require precise, absolute, field- 
strength measurement capabilities at these sites. 
It was necessary only that the relative accuracy 
of the two sets of measurements (TACAMO-IV- 
A and NAA) be as precise as possible. The near¬ 
field measurements of NAA, which were used to 
determine its radiated power, were made employ¬ 
ing equipment and techniques which provided for 
measurement accuracies within 0.2 dB. 

(C) At the distant monitoring sites, conven¬ 
tional VLF field-strength-measuring equipments 

with loop .interinas weie used I xlemal calibialion 
systems were employed, however, providing loi 
an overall accuracy capability lor absolute held 
measurements of about OA dB lhe techniques 
used by NRI at the Rota site resulted in a lelative 
accuracy of the two measurements ot about 0 3 
dB. I he signal-to-noise ratios for both the I At A 
MO-IV-A and NAA transmissions (18.2 and 17 8 
kHz respectively) were sufficiently high at all 
sites so that the measurement accuracy was not 
affected by the noise. 

PROCEDURE 

(U) I he power radiated by the conventional, 
ground-based. VL.K transmitting stations is deter¬ 
mined through a series of field-strength measure¬ 
ments of the ground wave at various distances and 
bearings from the antenna within the range where 
the field strength varies inversely with distance. 
In the portion of the Vl.K spectrum between 15 
and 30 kHz, these distances range between about 
10 and 75 km. Closer than 10 km the induction 
field component must be considered if a magnetic 
sensor is used, and if an electric sensor is used, 
both the induction and electrostatic field compo¬ 
nents may be significant. Beyond 75 to 90 km the 
contribution of the sky wave must be considered, 
and this normally is not known to a sufficient 
accuracy. The use of multiple field-strength mea¬ 
surements at various distances and bearings is 
required to average out local anomalies. These 
techniques are treated in detail by Gamer and 
Raudenbush (10). The techniques and results of 
radiated-power measurements for the VLF trans¬ 
mitting station NWC at North West Cape. Aus¬ 
tralia, are given by Gamer, Raudenbush, and 
Brookes ( 11). 

(U) The mobile nature of TACAMO requires 
special techniques for the measurement of its 
radiated power. The techniques discussed in Ref. 
10 for short ranges require precise measurements 
of field strength and distance from the transmitting 
antenna. This would be virtually impossible to do 
for the TACAMO system. Since it was desired to 
determine the VERP from an orbiting TACAMO. 
as applied to communications to ground-based or 
submerged receiving systems, a comparison of the 
TACAMO fields with those from a known, ground- 
based VLF transmitter appeared to offer the best 
meaningful results. 

CONFIDENTIAL 
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(C) I’he VL.h transmitting station NAA at 
Cutler. Maine, is located along the Atlantic 
coast, and it was therefore possible to orbit the 
TACAMO-1V-A over seawater yet be very close 
to a transmitting station that could be used lor 
comparison. The two transmitters not only had to 
be located close together in space, but, to avoid 
differences in propagation effects, had to be oper¬ 
ated at the same, or nearly the same, frequency 
To allow for simultaneous comparison, the trans¬ 
mitters were operated at frequencies (17.8 kHz 
for NAA and 18.2 kHz for TACAMO-IV-A) as 
close as practical, considering the selectivity of 
the receiving equipment. I hree primary sites for 
recording the field-strength data used in determin¬ 
ing the TACAMO-IV-A VERP were operated at 
Rota. Spain; Lajes, Azores; and Roosevelt Roads, 
Puerto Rico. The propagation paths to these sites 
were entirely over seawater, with Rota and Lajes 
being at different distances but very neartv along 
the same great-circle path, which was at a bearing 
approximately 90° from Roosevelt Roads. The two 
paths, differing by about 90°. were chosen lo gain 
more knowledge concerning the directional effects 
discussed by Kelly (7,8). To aid in this facet of 
ibf. investigation, other data-recording sites were 
operated as mentioned previously, and the TACA¬ 
MO-IV-A occasionally was flown in a wide orbit 
(10° b&iik) in addition to the tight, optimum orbit. 
Also, each time the aircraft passed through a 

00-degree true heading the TACAMO-IV-A trans¬ 
missions were shifted 200 Hz so as to provide a 
synchronizing mark on all field-strength data 
recordings (strip charts) All the data-recording 
sites used in this program and their distances and 
bearings to the TAC AMO IV A orbit center are 

given in Table I. 
(O The VERP of the TACAMO-IV-A was 

determined by measuring simultaneously the field 
strengths of special transmissions from NAA and 
TACAMO-IV-A. Then knowing the radiated 
power of NAA from near-field measurements, the 
TACAMO-IV-A radiated power could be cal¬ 
culated. since the dB relation of the received field 
strengths of the two transmissions is the same as 
that of their radiated powers. 

tC) The series of TACAMO-IV-A test trans¬ 
missions for establishing the VERP consisted of 
20-minute continuous transmissions (18.2 kHz) 
while orbiting. Approximately midway during 
these tests, NAA transmitted (17.8 kHz) continu¬ 
ously for about 3 minutes. The test transmission 
periods were centered around noon for the propa¬ 
gation paths to Spain and Puerto Rico, so the 
propagation conditions during these 20-minute 
periods were quite stable for most monitoring 
sites. The propagation paths to Boulder, Colorado, 
and San Diego, California, however, were in sun¬ 
rise transition, and consequently the propagation 
conditions were variable. 

Table 1 
Distances and Bearings of Data-Recording Sites From TACAMO-IV-A 

Orbiting Near Cutler, Maine 

Site Location 

Ellsworth, Maine 

Rota, Spain 

Lajes, Azores 

Roosevelt Roads, 

Puerto Rico 

Buffalo. New York 

Washington, D.C. 

Boulder, Colorado 

San Diego, California 

Disunce 
(km) 

96 (approx.) 

5150 

3290 

2850 

940 

950 

3080 

4420 

Bearing 
(degrees true) 

326 (approx.) 

76 

86 

175 

262 

238 

276 

272 

CONFIDCNTIAL 
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(ID The instrumentation, calibration tech 
niques, and ambient-noise levels ai all monitor 
sites were not uniform ( onsequently the VI RP 
values presented here were derived from the data 
recorded only at Rota, Roosevelt Roads, and San 
Diego, which were considered to be the most 
reliable data. Owen and Burns (d) used data Iron» 
all the sites, but there is no significant difference 
between their average VFRP and that given here. 

(ID The stable propagation conditions for the 
Rota and Roosevelt Roads paths allowed for an 
averaging of the I AC AMO-IV-A transmissions 
over the 20-minute period and a comparison with 
the Vminute NAA transmissions. However, tor 
the San Diego data the TAC AMO-IV-A trans¬ 
missions for only a couple of orbits, centered 
around the 3-minute NAA transmissions, were 
used for comparison, because of ionospheric 
transition effects. 

RESULTS 

sion, about ID' dB. and the I ajes data have the 
largest, ' A dB. I hese slight differences are due 
to the effect of the small but obviously si(-mlicani 
horizontal component of the antenna even when 
operating in the optimum, light orbit I he horizon 
tal component of (he antenna, although relatively 
small, varies as the antenna yo yos I he slight 
deviation in the occurrence of the maxima and 
minima with respect to the ancrait heading as 
shown for any one site could be due to changes 
m aerodynamic conditions, or more likely, to 
errors in the 00-degree heading marks 

t.us*aa" »»INI 
.> ^ ^ J » . 

' ' oc^HiAroic 
•asmnoon.dc 
¡ :??•' «so»» 

»OU.Dt*. COLO 
i-M’IJSSP*"'! 

SAN DIEGO,CAO» 

(U) The TACAMO-IV-A test transmissions 
on March 6. 1970. from 1442 to 1536 UT were 
recorded at most of the monitor sites and provide 
the best example of the characteristics of the 
received field strengths for both the tight (optimum) 
and wide (10° bank) orbiting conditions. Figure 1 
shows the relative field strengths received at the 
various sites while the aircraft was flying in tight 
orbits (1442 to 1505 UT). It can be seen that the 
oscillatory pattern of the received field strength is 
virtually the same at all sites from Ellsworth, Maine 
(within line of sight at 96 km), to Rota, Spain 
(5150 km). This similarity of the fields at all sites, 
whereby the excursions of the oscillations and the 
occurrence of the maxima and minima with respect 
to the heading of the aircraft are nearly the same, 
indicate that these oscillations in the fields are 
due primarily to the yo-yoing of the TACAMO- 
IV-A antenna. That is, the vertical component, 
and consequently the effective height, of the an¬ 
tenna is oscillating in synchronism with the air¬ 
craft orbits. This yo-yo action results in a fluctua¬ 

tion of the VERP. 
(U) Close examination of the relative field- 

strength patterns presented in Fig. I reveals that 
there are slight differences in the total amplitude 
change per orbit from one site to another. The 
Washington. D C., data show the smallest excur- 

NR.PUtRTO RICO 

1450 1455 'Í500 1305 
UNIVERSAL time 

Fia. I (U> - Relative field strengthofTAE AMO-IV- 
A transmissions (18.2 kHz) on March 6. 1970. while 
flying a tight-orhit pattern. The m»e hearing and 
distance of each receiving site from the TAt AMO 

are given. 

(U) The field-strength variations of approxi¬ 
mately 3 dB shown in Fig. 1. which were recorded 
during what is considered to be optimum operating 
conditions for the TACAMO systems for commu¬ 
nication to surface or subsurface receiving points, 
are about the minimum that can be expected under 
average operating conditions. Operating the 
TACAMO in straight-and-level flight could pro¬ 
duce a more steady, but considerably reduced, 
received field strength. The difference in received 
field strength at a surface or subsurface point is 
roughly 8 to 10 dB higher when the TAC AMO is in 
a tight orbit than when it is in straight-and-level 

flight. 

CONFIDENTIAL 
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(IJ) When lhe I AC AMO IV A was operating 
in a wide orbit 110" bank», the antenna had less 
verticality and consequently more horizontal 
component. Examples ol the variations in received 
held strength under these conditions are shown in 
big. 2. The variation patterns discussed by Kelly 
t7,8) under such wide-orbit conditions are clearly 
visible. That is, the magnitude of the oscillations 
and whether there are one or two oscillations per 
orbit are shown to be both distance and bearing 
dependent. The 00-degree heading marks show that 
one wide orbit requires about .V5 minutes, whereas 
the tight orbit was completed in about 2.5 minutes. 
The most severe oscillations are observed at 
Ellsworth, but it must be remembered that this 
is within line of sight. The path bearings to Buffalo 
and Washington differ by only 24°, and the dis¬ 
tances are virtually the same. The tield-strength 
oscillations at these two medium-distance sites 
are nearly identical, with one oscillation per orbit 
and with the same sense (maxima and minima occur 
at the same time). The oscillations at all other 
receiving sites shown in Fig. 2 exhibit two cycles 
per orbit. The Boulder and San Diego sites are 
approximately along the same great-circle path 
through the TAC AMO location, as are the Lqjes 
and Rota sites. The bearings of these two pairs 
of sites differ by roughly 180°. The field-strength 
oscillations at all four of these sites are very simi¬ 
lar and have the same sense. The shape of the 
oscillations at Roosevelt Roads, Puerto Rico, 
are very similar to those at these other four sites 
except that they have the opposite sense. That is, 
the field strength at Roosevelt Roads is increas¬ 
ing when the others are decreasing, and vice versa. 

<U) The received-fidd-strength patterns shown 
in Fig. 2 are, in general, in agreement with the 
theoretical model of Kelly (7), although he shows 
a two-cycle-per-orbit oscillation occurring only at 
a modal interference null. The phasor relationship 
between the vertically and horizontally polarized 
field components which give rise to the double 
cycle could occur as well, however, at any distance, 
as found by Rhoads (12) during an extensive 
TACAMO propagation investigation carried out 
in March and April 1971. During this investiga¬ 
tion, propagation data from an orbiting TACAMO 
were recorded at several ground-based sites along 
a radial path and aboard a receiving aircraft flying 
over this same radial path from the TACAMO. 
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Hg 2 (III - Relative tield strength ol I A( A- 
MO-IV-A transmissions ( IS.2 kH/lon March 
6, 1970. while flying a wide orhit ( I0k bank! 
pattern. I he true hearing and distance of each 
receiving site from the FAEAMO are given 

During one test of this recent investigation, when 
the TACAMO was flown in wide orbits, the air¬ 
borne and ground-site received field strengths 
continuously showed two-cycle oscillations per 
orbit over a distance from »200 to 2800 km. This 
investigation was carried out to more fully study 
the extremeties of the fading characteristics of the 
TACAMO field strengths under both optimum and 
poor orbiting conditions, and to develop techniques 
to insure operation of the TACAMO systems in 
optimum-or lit patterns. The results of this investi¬ 
gation are urrently being analyzed and will be 
reported on i the near future. 

(C) The data from the March 6, 1970, tight- 
orbit test presented in Fig. I for the three sites 
used for determining the VERP and the Ellsworth 
data are replotted in Fig. 3 in absolute field strength. 
Also shown are the absolute field strength of the 
NAA test transmission as received at each of 
these sites and the corresponding NAA radiated 
power as measured at Ellsworth and correlated with 
many near-field measurements used to establish 
the radiated power and radiation resistance of 
NAA. The Ellsworth data shown in Fig. 3 cannot 
be used for establishing the TACAMO-! V-A 
VERP, since the distances to the TACAMO and 
NAA were not exactly equal. At such close ranges 
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on March 6, l*>70, for a TAI AMO flying in a light- 

orbit pattern. The NAA radiated power during this 

lest transmission was 524 kW or 27.2 dB above I kW. 

The true bearing and distance ot each receiving site 

from the TACAMO are given. 
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Fig. 4(0 - Field strengths of TACAM()-IV- 

A transmissions ( 18 2 kHz) on March 6, 1970. 

while flying a wide-orbit pattern. After 1555 

U I the TACAMO changed from a wide orbit 

to a tight orbit. The true bearing and distance 

of each receiving site from the 'I ACAMO are 

given. 

even small differences in distance would have an 
appreciable effect on the apparent radiated power. 

( U ) The wide-orbit ( 10° bank) data recorded at 
four sites on March 6, 1970, previously shown in 
Fig. 2 are replotted in absolute field strength in 
Fig. 4. In this illustration a small sample of data 
after 1535 UT, when the TACAMO-IV-A changed 
its flight pattern from a wide to a tight orbit, has 
been included. The data between 1539 and 1542 
UT are for one tight orbit and illustrate the approx¬ 
imate 8-dB gain in radiated power for tight-orbit 
operation over that for wide-orbit operation. 

(C) Figure 5 shows a comparison of the TAC A- 
MO-1V-A and NAA data recorded at three moni¬ 
tor sites for eight test periods. These data are 
plotted in radiated power referenced to the NAA 
radiated power as determined by its near-field 
measurements. The TACAMO-IV-A data pre¬ 
sented are, in general, the average of the maxima 
and minima over the period of the test trans¬ 
mission, usually about 20 minutes. However, the 
San Diego data are averaged over a much shorter 
period when the tests periods were during the 
sunrise transition, since the NAA test transmis¬ 
sions were for only 3 minutes. It can be seen that 

30 

’25 

h 20 

a 
n 15 

, ¿MARCH, 
“•1970" 

niiin 

4MARÇM _ J MWÇH _ 7MARÇM 
.. "".-H*-1970.^970^, 

! o—-o ! 

- OTO"* 
o—~c ¡ 

II 

9-° I o - -o 

n>iüi ‘Hhi 

? 'Of 

3 3 

12*41306 1143-14» l««4 iS» I34SI40G i44i IK» ' J4VI406I442-IW6|_Î4CVI«0Ç 
U U T •+• U T U U T *|» U T •+• D T »j» U T •(- U T -«I* U I ■« 

I t 
O NAA I i ¡ 
û ROOSEVELT ROAD, PUERTO RICO 
D SAN DIEGO, CALIFORNIA 
X ROTA,SPAIN 
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mined from near-field measurements, and of 1 A( AMO-1 V- 

A (18.2 kHz) in a tipht-orhit pattern referenced to NAA 

through simultaneous field strength at three monitor sites. 

the radiated power of NAA varied somewhat 
from day to day. This was partially due to trans¬ 
mitter problems, but on March 4 the reduction 
was due to operation on only half of the NAA 
system, as is periodically done for maintenance. 
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Ihese change« in NAA ratliatcd power had no 
effect on the IAI AMO IV A VI RP measure 
ment, since the NAA radiated power was contin¬ 
uously measured locally. 

tO The data lor the three sites and eight test 
periods presented in Tig 5 indicate an avciiigc 
VI RP for the TAI AMO-IV-A at U» 2 kHz ot 20 
dH above I kW. »hich is UH) kW. I his was the 
design objective for the 1 At AMO-IV-A. 

CONCLUSION 

(U) The data presented in f ig I and 3. and the 
other data recorded during the eight tests conducted 
on four days in March 1970 at 18.2 kHz. show that 
under optimum, tight-orbit flight patterns the re¬ 
ceived field strengths of TAC AMO-IV-A trans¬ 
missions have an orbit-produced periodic varia¬ 
tion of about 3 dB. These oscillations are produced 
primarily by the yo-yoing of the TAC AMO-IV-A 
antenna, resulting in a periodic variation in the 
VERP. which must be considered in establishing 
the effective VERP for predicting the communica¬ 
tions coverage from the TAC AMO systems. 

(C) The investigation reported here established 
that the TACAMO-1V-A was capable of main¬ 
taining an average VERP of 100 kW at 18.2 kHz. 
Since the VERP varies approximately sinusoidally 
by 1.5 dB about this average 100 kW during each 
2- to 3-minute orbit, this average VERP is not a 
meaningful value for use in communications- 
coverage predictions. Assuming an average, tight- 
orbiting-TACAMO VERP of 100 kW, the effective 
communications VERP for 18.2 kHz is approxi¬ 

mately 71 kW. 
(C) When the TAC AMO system is flown in a 

wide orbit (10° bank), the orbit-produced periodic 
variations may have one or two cycles per orbit, 
and the amplitude of these variations may be as 
much as 15 to 25 dB, as shown by Kelly (8) and 
Rhoads (12), and are both bearing and distance 
dependent. The average VERP when in the wide- 
orbit pattern is roughly 8 dB lower than for the 
tight-orbit situation, as demonstrated here and by 
Rhoads (12). When flown on a straight-and-level 
course, even at slow speeds to produce the maxi¬ 
mum degree of verticality, the VERP reduction 
reported by Rhoads (12) is about the same as for 
the wide-orbit situation, but in some instances it 

is as much as 10 dB. 
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|ii supplementary notes 
12 »PONSO RING Ml L I T AR Y AC T I V I T s 

Department of the Navy 
Naval Electronic Systems Command 
Washington, D.C. 20360 

(C)The Naval Research Laboratory and other Navy laboratories cooperated to conduct an investiga¬ 
tion to detemdne the vertical effective radiated power (VERP) of the TACAMO-IV-A airborne VLF trans¬ 
mitting system. The mobile nature of this system required special techniques for this investigation. A series 
of comparison tests was made in which the TACAMO-IV-A was located near the ground-based transmitting 
station NAA at Cutler, Maine, and operated at 18.2 kHz, a frequency close to that of NAA (17.8 kHz). Simul¬ 
taneous field-strength measurements of special transmissions from the two transmitting systems were made 
at great distances. Precise measurements of the NAA radiated power and a comparison of the received field 

strengths were used to determine the TACAMO-IV-A VERP. 
♦¿jË'This report is intended as an analysis of the results of the VERP measurements with particular em¬ 

phasis on its application to the prediction of communication coverage to surface or subsurface receiving sys¬ 
tems The results show that the system design objective of an average VERP of 100 kW was obtained. However, 
optimum communications from the TAC AMO systems are achieved while (lying in a tight, 2- to 3-mmute- 
orbit pattern. Even under optimum conditions the received field strengths from the TAC AMO-1 V-A and otheir 
TACAMO systems have an orbit-produced periodic fluctuation of 3 dB. Since this fluctuation occurs at least 
once each orbit, the effective VERP for communication coverage predictions for the TACAMO-IV-A is 71 

kW, which is 1.5 dB below the average 100 kW. 
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