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AU'IHORIZATION 

1. '!be general problem of investigating transmitting antenna 
systems, particularly as appl.ied to Naval shipboard installations, 
was originally authorized by reference (a). Subsequent coITespondence 
and conferences indicated the need for certain additional infonnation 
relative to specific features of the installations. 

2. 'lhe results of previous investigations and calculations have 
been subnitted in references (b), (c), (d), (e), and (f). Reference 
(g) is an engineering test report covering the Model TAQ-5 transmitter. 
Data appearing in this latter report were used in connection wi. th the 
preparation and conduct of the experimental work herein reported. 

Reference: (a) BuEng let. C-BB55-6/S67(10-7- W2) of 9 Oct.1937. 
(b) NRL Report No. R-1331 dated 14 December 1936, 

11 Concentrated Capacity and Inductance as 
Substitute for Horizontal Antennas on 

INTRODUCTORY 

Board Ship. " 
( c) NRL let.C-S6?/f:I:, of 8 March 1938 to BuFng. 

Subject: Radio - Antenna and Antenna Lead-in 
System for Battleships 55 and 56. 11 

(d) NRL Report No. R-1446 of 9 June 19.38, 
11A Mathematical Analysis of the Radiation 
Characteristics of Partially Shielded 
Antennas •11 

(e) NRL Report No. R-1448 of 13 June 19381 
11A Study of the Radiation Characteristics 
of Shipboard Antenna Systems." 

(f) NRL let. C-567/66 of 7 October 1938 to BuEng, 
Subject: Radio - Anterma and Transmission 
Line System for Battleships 55 and 56 -
Transmitting Equipment. 11 

(g) NRL Report No. B-155.3 of 14 August 19.39, 
"Test of Model XTAQ-5 Radio Transmitting 
Equipment. 11 

3. Since the tentative design of the transmitting antenna instal­
lation for Battleships 55 and 56 is virtually canpleted, sufficient 
data have become available to penni t further calculations to be made, 
substantiated by experimental work. Reference to preliminary drawings 
indicates that the battle condition antenna for use with the Model 
TAQ-5 transmitter will have the following physical characteristics: 

Flat top t 90 feet long ( two strands tied together at one 
end and diverging to 6 ft. spacing at far end). 

Vertical element: 68 fi long (slanting) 
Trunk: 65 f't long, 12 in. OD, 1/2 in. ID. 

Since the TAQ-5 transmitter is the highest power transmitter in the 
inte:nnediate frequency range carried by the vessels in question, and 
hence would generate the highest r--f potentials, a transmitter of 
this type was used in connection with the experiroontal work which is 
reported below. 



4. In order to illustrate the effect of antenna height, three 
different vertical dimensions were employed during the experimental 
worlc. 

( a) An antenna with a 65 ft. vertical element c11d a 9 5 ft. 
flat top, connected in the form of an inverted "L. " 

(b) An antenna with a 95 ft. vertical element and a 95 rt. 
flat top, connected in the form of an inverted 111 . 11 

( c) An antenna with a 125 ft. vertical element and a 95 ft. 
flat top, connected in the fonn of an inverted 111.11 

Each antenna was used in connection with a trunk tiJ feet in length. 
The outer diameter of the trunk was 18 inches and the inner conductor 
was a 3/4 inch diameter copper tube. Thus it will be seen that the 
antenna system consisting of the 65 foot vertical element with the 
95 foot flat top and the 66 foot trunk represents very closely the 
antenna system which will be employed on BattJ..eships 55 and 56 for 
use w.i th the TAQ-5 transmitter. 

5. At the outset of the experimental worlc, attempts were made 
to use a trunk of 12 inch outer diameter and a 3/8 inch inner conductor. 
'lhis trunk was 68 feet in length . \~hen this trunk was used, voltage 
breakdOffll.s occurred long before fuJ.l power output was obtained from 
the TAQ-5 transmitter. Therefore, an 18 inch diameter trtmk w:i. th a 
J/ 4 inch inner conductor was constructed. The stand-off insulators 
which supported the inner conductor were equipped w.i th corona shields 
after it was disco..ered that the lack of such shields caused the in­
sulators to be fractured. These features will be discussed in greater 
detail in the following paragraphs of this report. It is pointed out 
that the capacity per foot of an 18 inch trunk with a J/ 4 inch inner 
conductor is the same as that of a 12 inch trunk with a 1/2 inch inner 
conductor. 

6 . Various locations were investigated in an effort to obtain a 
scene of operations where the antenna resistance would be comparable 
with that encountered on board ship. While the resistance character­
istics of the location finally selected are undoubtedly somewhat dif­
ferent than will actually be encountered on board ship, it is believed 
that the agreement vri.11 be close enough to penni t full use of the ex­
perimental results obtained. 

7. In order to obtain a fairly comprehensive picture of the 
factors involved in the investigation of antenna systems of the type 
under consideration, specific attention must be given to the measure­
ments of antenna cons tan t.s, the power and voltage considerations en­
countered and the methods of making field strength detenninations. 
These factors are discussed in detail in the following sections of 
this report. 

kllSURFl.U::NT OF ANTENNA CONSTANTS 

8 . '.Ihe measurement of anterma constants for frequencies of 
600 kilocycles or less can be made by a number of standard methods. 
The more common ones are: 



(a) R-F bridge. 

(b) R-F bridge, using the bridge as an indicating 
instrument in the substitution method. 

(c) Q meter 

(d) Methods based upon tuned tank circuits loosely 
coupled to a low power oscillator. 

( e) Methods based upon a tuned tank circuit loosely 
coupled to a high power oscillator. 

9 . 'Ihe r-f bridge used in connection with these measurements 
Yras a General Radio Type 516-C. The bridge can be used as a direct 
reading instrument for frequencies less than 1000 kilocycles. 
Capacitance can be determined to.:!: 2 micromicrofarads and resistance 
to about .± 0. 2 ohm. The limit of accuracy with respect to capacitance 
is determined by the reading of the condenser which is incorporated in 
the bridge. The accuracy of resistance measurements is governed by the 
inherent errors in the bridge and by the adjustment of the bridge. The 
value of ±. 0.2 ohm is given by the manufacturer and agrees with the 
experience of the Laboratory. 

10. 'Ihe radio frequency bridge can be used to best advantage as 
an indicating instrument in the substi tu ti.on method. 'lliis method in­
creases the accuracy of measurement, of both the capacitance and re­
sistance. The bridge is balanced in the same way as for the direct 
reading method. The antenna is then disconnected from the "unknown" 
terminal of the bridge and a variable condenser in series with a vari­
able resistor is connected in its place. 'Ihe variable condenser and 
variable resistor are adjusted until the bridge is balanced. '"Nhen an 
accurate balance is obtained, the capacitance and resistance readings 
thus obtained are equal to the antenna capacitance and resistance. By 
this method, results can be duplicated to an accuracy of approximately 
0 . 02 ohm and a fraction of 1 micromicrofarad. Thus, an extremely high 
order of accuracy may be obtained in capacity measurements while the 
accuracy of the resistance measurement is dete:nni.ned by the calibration 
of the variable resistor and the resistance of the connecting leads. 
The accuracy of the measurements is probably about .± 0.05 ohm. A 
General Radio Type ~22 condenser and a General Radio compensated decade 
resistor were used during the measurements herein described. Care 
should be exercised to connect the condenser to the high side and the 
resistor to the ground side of the "unknown" terminals on the r-f bridge. 
When a measurement has been obtained, the voltage drop across the un­
known antenna tenn:inals and the substituted ,&pacitance and resistance 
lID.lst be equal in both magnitude and phase. Since, in antenna measure­
ments, the capacity reactance may be 100 times greater than the re­
sistance, the capacity reactance may have to be balanced 100 times more 
accurately than the resistance. This necessitates a very careful ad­
justment of the balancing condenser and at the same time requires that 
the capacitance of the system remain very constant. Thus, the lower 
the frequency and the lower the antenna capacitance, the greater is the 
difficulty of obtaining a good resistance balance. Experience from a 
large number of antenna measurements has indicated that on a windy day 
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the antenna capacitance may vary several micromicrofarads and thus 
make it impossible to obtain accurate antenna resistance measurements . 
Local static also :interferes with the measurements and at certain times, 
particularly in the afternoon hours, it was found impossible to obta:in 
satisfactory measurements. 

11. The following observations were made during the course of 
the antenna measurements: 

( a) If a trunk is used, the effect of the swinging of the antenna 
and local static does not interfere to as great an extent as 
without the trunk~ 'Ihe trunk increases the capacity of the 
antenna system and thus decreases the capacity reactance. As 
the capacity react.ance decreases, the percentage accuracy of 
balance for the capacity reactance also decreases, thus per­
mitting greater accuracy in the resistance measurements. 

(b) Part of the static that is picked up by the antenna is 
shunted to ground in the trunk and thus the static :inter­
ference on the bridge is reduced. This reduction :in static 
increases the accuracy of the measurements. 

12. Q meter method of measuring antenna constants. Two different 
methods may be employed when using the Q meter to measure antenna 
constants. 

(a) In one method the coil or inductor is connected across 
the coil te:nninaJ.s of the Q meter. The Q meter is set 
at the desired frequency and the Q of the coil is ob­
tained by adjusting the condenser on the meter to the 
resonance frequency of the coil and condenser. The Q 
of the coil and capacity of the condenser are recorded. 
Next, the antenna is connected to the Q-meter and the 
condenser is adjusted to resonate the circuit. The Q 
of the circuit and the capacity of the condenser are 
recorded. From these readings the capacitance and re­
sistance of the antenna can be cal.culated. 

(b) When the substitution method is used, the coil is con­
nected to the coil tenninals of the Q meter and the 
antenna is connected to the high side of the capacity 
tenninal.s. 'Ihe Q meter is adjusted to the desired 
f'requency. The Q meter condenser is adjusted to the 
resonant frequency of the circuit. The reading of 
the Q meter is noted. The antenna is disconnected and 
replaced by a variable condenser and resistor. This 
condenser is adjusted to resonate the circuit. The 
resistance is varied to give the same val.ue of Q as 
for the antenna. 'Ihe antenna constants are then equal 
to the capacity of the condenser and the resistance 
reading of the resistor, 

13. The presence of static or an interfering radio signal near 
the frequency at which the measurements are desired may :introduce 
errors in the measurements. These errorS can be mitigated somev.nat 



by the following method. The antenna is resonated by means of the 
Q meter condenser. The Q meter is then detuned by changing the 
frequency of the signal generator. The Q indicator gives a reading 
greater than zero due to the presence of static or the undesired 
radio signal.. The Q indicator is adjusted, by means of its control, 
to give a zero reading. 'lhe signal generator is then tuned to the 
resonant frequency of the antenna. The Q of the circuit is noted. 
The antenna is then replaced by a variable condenser and resistor. 
The Q indicator is again adjusted to zero after which the condenser 
and resistor are varied to reproduce the same value of Q on the 
Q indicator as originally recorded. Then, the condenser and resistor 
readings corres,Pond to the antenna constants. When antennas of high 
resistance and/or capacitance are encountered, difficulty is experi­
enced in obtaining accurate measurements, since circuits of this 
nature have low Q1 s. It is possible to obviate these difficulties 
to some extent by inserting a low value fixed condenser in series 
with the antenna. The measurements are then made in the same marmer 
outlined above, except that the antenna constants have to be calcu­
lated. 

14. The accuracy of Q meter measurements is restricted by the 
accuracy to which the value of Q can be reset. The best results are 
obtained for antenna capacities not over 600 micromicrofarads and for 
resistance values of 3 to 10 ohms. 

15. Methods based upon a tuned tank circuit loosely coupled to 
a low power oscillator. This method of measuring the antenna constants 
is the same as that employed in cormection with the Q meter, except 
that the oscillator is electromagnetically coupled to the tank circuit 
in place of the common resistance coupling. The methods of measure­
ment are the same as for the Q meter. The resistance variation method 
may be used, but, in general, it is not as accurate as the substitution 
method. With this method it is not essential to ground the system. 
Thus measurements can be made betv,een an antenna and counterpoise. 
Static and interfering radio signals create difficulties in making 
measurements. 

16. Methods based upon tank circuits loosely coupled to a high 
power oscillator. The general method of measurement is the same as 
when a low power oscillator is used. It has all the advantages of 
the lov1 power oscillator method and in addition the effect of static 
or unwanted r-f signals can generally be overcome due to the use of 
the high power oscillator. Thus, more accurate measurements can be 
made in the presence of severe static or when interfering signals 
exist. 

l?. Accuracy of ireasurements. The relati vc accuracy of the dif­
ferent methods of making antenna measurements is given below. It is 
assumed that static or other interference is at a moderate level. 

( a) R- F bridge (direct method) 
Capacitance: .:!: 2 micromicrofarads 
Resistance: .:!:. 0.2 ohm 

(b) R-F bridge ( substitution method) 
Capacitance:.± 0.5 micromicrofarad 
Resistance: + 0. 05 ohm 
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( c) Q meter method. 
In general, less accurate than either bridge 
method. Degree of accuracy largel y dependent 
upon the values of the antenna constants. 

(d) Methods based upon tuned tank circuits coupled 
to low power oscillators. 
Accuracy about the same as for the Q meter method. 

( e) Method based upon tuned tank circuits coupled 
to high power oscillator s . 
'!he accuracy is about the same as for the Q 
meter method except that static and interfer­
ence do not affect the accuracy of the measure­
men~ to as great an extent. 

18. 'llle ad.vantages and disadvantages of the various methods of 
measurement arc tabulated, briefly, bel ow: 

( a) R-F bridge ( direct method) 

Ad yan tage:a_: 

(1) Accurate measurements even near the quarter 
wave resonance of the sntcnna. 

(2) The effect of static can be generally made 
small by using a receiver with a timed audio 
amplifier as the detector. 

(3) Rapid measurements can be made. 

Disadvantages: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Requires that the power factor be balanced 
for each frequency at which measurements 
are made. 
Requires that measurements be made between 
antenna and ground, since the measuring 
equipxoont is grounded. 
High static levels cause difficulties in 
making resistance measurements. 
If the antenna capacity varies slightly 
(e.g. due to wind),it is difficult to make 
resistance measurements. 
'lhe equipn:ent is rather large and bulky 
am. not easily portable. 
The difficulty in making accurate resistance 
measurements increases as the reactance of 
the antenna increases. 

(b) R- F bridge (substitution method) 

Advantages: 
'llle advantages of this method are identical with 
those listed tmder R- F bridge (direct method) 
except that a higher degree 0£ accuracy is olr 
tainable. (See paragraphs 17(a) and 17(b).) 
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Disadvantages : 

'Ihe disadvantages are the same as those listed 
under R- F bridge {direct method) except that in 
the substitution method it is unnecessary to make 
a power factor balance. 

( c) Q meter method 

Advantages: 

( l ) The equipment is light and compact. 
(2) Measurements are readily accomplished. 
(3) Small variations in antenna capacitance 

do not interfere greatly with the measure­
ments., 

Disadvantages : 

(l) The accuracy of measurement is lower than 
w:i. th the bridge method, especially for low 
and high resistance antennas. 

(2) Static decreases the accuracy of the measure­
ments . 

(3) 'Ihe Q meter is partially grounded through 
the supply leads so that measurements against 
counterpoise cannot be made with any degree 
of accuracy• 

(d) Low power oscillator loosely coupled to a tank circuit. 

Advantages : 

(1) 'Ihe tank circuit need not be grounded, hence 
measurements of antenna against counterpoise 
can be made. 

( 2) Small variations in antenna capacitance do 
not interfere greatJ.y with the measurements. 

Disadvantages: 

(1) The ease of operation is less than the r-f 
bridge or Q meter metl:lods •. 

(2) Static interferes with measurements. 
(3) Accuracy is not of a high order, especially 

for low and high resistance antennas •. 
(4) In general , bulky apparatlls is required. 

(e) High power oscillator loosely coupled to a tank circuit .. 

Advantages: 

,1f.Ci A SSH--~1 ~,.,.D (1) 'The errors due to static can be reduced ot · J _.. 
removed by making the signal many times 
greater than the static level. 
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(2) The tank circuit need not be grounded. 
(3) Small variations in antenna capaci ta.nee 

do not interfere greatly with the 
measurements. 

Disadvant~: 

(l) 

(2) 
(3) 

The equipment is generally bulky and 
only semi-portable. 
Not easy to operate. 
Accuracy is not of a high order, 
especially for low and high resistance 
antennas. 

19. During tl1e course of the investigation herein described, 
measurements were attempted by the various methods outlined above. 
In general ., however, it was found that the most satisfactory results 
and the highest order of accuracy was obtained by means of the radio 
frequency bridge used in the substitution method. The measurements 
illustrated in the following paragraphs of this report were made by 
means of the r-f bridge used in the substitution method. 

PO.VER CONSIDERATIONS 

20. During the past few years a considerable amount of theoreti­
cal and experimental work has been carried on at the Naval Research. 
Laboratory w1 th a view of obtaining a better understanding of the 
various factors involved in the operation of restricted inten:nediate 
frequency antenna systems s:ilnilar to those employed on Naval vessels. 
In general., field strength£., radiated power, power input into the 
antenna system and the power loss in the loading coil were calculated 
from measured capacitance and resistance values of the antenna, the 
radiation resistance of the antenna, the measured resistance of the 
antenna loading coils and curves for the propagation of radio waves. 
Some experimental tests had been conducted but no thorough investiga­
tion as to the validity of all these calculations had been undertaken. 
In order to substantiate these calculations in a definite manner and 
at the same ti.me obtain ad.di tional infonnation on trunks and specific 
transmi. tters, a comprehensive investigation was undertaken. 

21. A number of different antenna systems were used in o:rtler to 
show the effect of antenna height and frequency upon the voltages en­
gendered in the antenna system, the radiated power, field strength., 
the size of trunk required arrl the safe operating potentials which a 
l'iodel TAQ-5 transmitter could withstand. 

22. In the following paragraphs of this report the terms 
11 antenna system11 and II antenna11 are defined as follows : 

( a) 11An'ienna System" includes the lead from the antenna 
terminal of the transmi. tter to the trunk, the trunk 
(Vlhen a trunk is used), the vertical portion of the 
antenna and the flat top portion of the antenna. 

(b) "Antenna" includes only the vertical element of the 
antenna and the flat top portion; i.e., wrtical 
radiator and flat top loading. 

DECLAS1~H~-lt:D -a-



23. The tenns "Antenna System current" and 11Antenna current" 
are defined as follows : 

(a) "Antenna System CUITent" - '!he r-f current as 
measured at the antenna tenninal. of the trans­
mitter. 

(b) "Antenna Current" - The r - f current as meas1,1red 
at the base of the vertical element of the 
antenna. 

24. At intermediate frequencies the radiation from the flat top 
portion of the antenna is negligible and is neglected. However, the 
flat top does have an effect upon the radiation resistance of the 
vertical element. At-the same time the !lat top increases the antenna 
capacitance, which is a very desirable condition as wiU be shown 
later. (A more detailed discussion of these factors will be found 
in reference (e).) 

25. As stated above, various antenna systems were studied during 
the course of this investigation. Essentially, six different antenna 
systems were used, as follows : 

( a) lJ ft. lead-in; 65 ft. vertical; 95 ft. nat top. 
(b) 13 ft. lead- in; 95 ft. vertical; 95 ft. flat top. 
( c) 13 ft. lead- in; 125 ft. vertical ; 95 ft. na t top. 
(d) 13 ft. lead- in; 66 ft. trunk; 65 ft. vertical; 95 ft~ flat top. 
(e) 13 ft. lead- in; (:I:, ft. t:rtmk; 95 ft. vertical; 95 ft. flat top. 
(f) lJ ft. lead- in; 66 ft. trunk; 125 ft. wrticalJ 95 ft. flat top, 

The mininrum frequency at which each of the above antenna systems could 
be r&90nated by the XTAQ-5 transmitter was detennined. These data are 
tabulated below: 

Anterma 
System_ 

1 
2 
3 
4 
5 
6 

:Minimum 
Frequency: kc 

244 
232 
.222 
190 
182 
176 

26. The location at which these experiments were perfonned is 
illustrated in Plate 46 and a photographic view of the transmitting 
location is shown in Plate /4B. The trunk used in the experiments was 
66 feet long and was constructed of 26 gauge galvanized iron, 18 inches 
in diameter. Th~ inner conductor consisted of a 3/4 inch diameter 
copper tube. General views of the trunk instal.lation are shown in 
Plates /4B and 49. The small circular openings along the trunk were 
provided to penni. t visual observation of the interior in order to de­
tezmine whether visual corona or arcing existed and to permi. t cleaning 
of the insulators. '!he inner conductor was supported by means of 
isolanti. te insulators eight inches long and of one inch square cross 
section. The fittings by means of which the conductor was secured to 
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the insulators were cast aluminum caps designed in the fonn. of corona 
shields. Precautions were observed to provide smooth surfaces, free 
from buITs and filings and all edges were rounded. Plate 53 illustrates 
the fonn of construction used. The antenna conductors consisted of 
5/1611 diameter bronze cable and special fittings were devised so that 
the length of the vertical elemm t could be changed from 65 feet to 
95 feet and 125 feet. Special care was taken in the construction of 
the antenna to prevent corona from occurring. The antenna was sup­
ported by means of a messenger cable between two 200 foot steel towers, 
the bases of the towers being grounded. Manila lines were used to 
suspend the antenna from the messenger cable and 18 inch isolantite 
insulators vrere used bet.veen the antenna conductor and the suspension 
lines. The base of the antenna terminated 8 feet above the ground. ap­
proximately 2 feet distant from the building mich housed the trans-
mi tter. (See Plates 48 and 49.) 'lhe base of the antenna could be con­
nected either to the trunk or by means of the 13 foot lead-in, to the 
antenna tenninal of the TAQ-5 transmi ttcr. This lead-in terminated at 
the wall of the building in a large pyrcx entrance insulator provided 
vd. th corona shields. Vlhen the trunk was used, the 13 foot lead-in was 
brought out of an open window and connected to the input tenninal of 
the trunk. The lower 22 feet of the vertical section of the antenna 
was shielded by the transmitter building, Vlhich is a reinforced con­
crete structure. A large quantity of heavy copper strips, securely 
bonded together, are imbedded in the ,ml.ls and under the footings of 
the transmitter building. The average spacing of the antenna from the 
building was about 4 feet. The block diagram shovm in Plate 47 il­
lustrates further the aITangement of the equipment used. 

27. General test procedure. The general purpose of the experi­
ments was to determine the follom.ng: 

( a) Determine the voltage breakdown of the tI'llnk system. 

(b) Determine the safe operating characteristics of the 
Model XTAQ-4,transmi tter when operating into antennas 
of the dimensions outlined above. 

( c) Determine the agreemC3Ilt between calculated and 
measured values of field strength. 

(d) Determine the distribution of the ~f power 
generated in the transmitter; i.e., the magni­
tude of the losses dissipated in the various 
portions of the circuit and the useful power 
radiated. 

The transmitter was carefully adjusted for operation in conne ction with 
a certain antenna. The power amplifier plate current and the plate 
voltage Trere set at definite values and these values were maintained 
the same when ·world.Ilg into the various antenna systems. The settings 
of the various tuning controls on the transmitter were rccorocd and 
the transmitter antenna current and the current at the base of the 
antenna were noted and rccorocd 'When possible. .Pield strength deter­
minations were made at the location indicated in Plate 46 (at No. 1 
Compass House). The transmitter was then shut down and the constants 
of the transmitting antenna were measured, This procedure was repeated 
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at a number of frequencies for the six different antenna systems. 

28. '!he resistance and capacitance of the antenna systems were 
measured by means of the radio frequency bridge used in the substi tu­
tion method. The measurements were made at the transmitter end of 
the lead-in and care was exercised to keep the leads used as short 
as possible. 'Ihe antenna constants were measured immediately before 
or immediately after a series of transmissions. Since it is possible 
for the antenna constants to vary from day to day, due to weather and 
atmospheric conditions, this procedure was adopted in order to reduce 
errors to an experimental mini.mum. 'lhe . reaistance and capacitance 
of the six different antenna systems, as a function of frequency, are 
plotted in the curves sh011tl in Plates 1, 2, J, 5, 6, and?. 'lhe antenna 
systems may be divided into two classes, one when the 66 foot trunk 
is used and the other when the tnmk is not used. In either case a 
13 foot lead connects the antenna terminal of the transmitter to 
either the t:nmk or to the base of the vertical element of the antenna. 

29. For the three antenna systems where no trunk is employed1 
the antenna resistance increases with frequency, starting at a value 
of about 1,? ohms at 250 kilocycles. See Plates 1, 21 and J. The 
antenna resistance increases only slightly with antenna height at 
250 kilocycles. The larger increase in antenna resistance noted at 
565 kilocycles, as the antenna height is increased, is primarily due 
to an increase in radiation resistance. For the three antenna systems 
where the 66 foot trunk is used, an antenna resistance of about 0.9 
ohm is obtained at 200 ki.l.ocycles and the resistance increases with 
an increase in frequency. It will be observed that at 200 kilocycles, 
the resistance is about the same for the three antenna heights, but 
at 565 kilocycles, the antenna resistance shows a considerable increase 
in value due to the increase in radiation resistance. 

JO. '!he radiation resistance of the three different height 
antennas, without trunk, is shown in Plates 1 1 2 1 and 3 as a function 
of frequency. The radiation resistance is calculated at the base of 
the vertical element and the partial shielding of the antennas by the 
transm:i. tter building is taken into account in performing these calcu­
lations. This partial shielding of the antenna by the building is 
important and will be discussed in detail later in this report. The 
gain in radiation resistance w.i. th antenna height is shown clearly in 
Plate 9. 'Ihis increase in radiation resistance, both with frequency 
and anterma height, is also emphasized in Plates 23, 24, 25, and 26# 
which show the radiated power in watts. From Plates 1, 2, and 3 it is 
seen that the radiation resistance is a small fraction of the total 
antenna resistance. 'Ihe radiation efficiency of the antenna is: 

Radiation resistance x 100 % 
Antenna resistance 

This gives the percentage of the power into the antenna that is actually 
radiated. From the curves in Pl.ates 1, 2, and 3 it is evident that 
the antenna efficiency increases rapidly with both antenna height and 
treqttency. The antenna efficiency for a mlm.be r of frequencies is tabu­
lated below: 



Antenna Frequency Radiation Efficiency 
System(*) kc of Antenna Sys;te 

1 250 7% 
1 400 16 
l 565 21 
2 250 17 
2 400 36 
2 565 39 
3 250 29 
3 400 55 
3 565 Y:J 

(*) See paragraph 25 above for description of antenna systems 
referred to. 

31. 'Ib.e antenna efficiencies in the above table were computed 
from the radiation resistance as calculated at the base of the antenna 
and the antenna resistance as measured at the end of the 13 foot lead-in. 
The antenna resistance should have been measured at the base of the 
antenna to provide the greatest degree of accuracy. (This was not done 
due to Jiiysieal difficulties.) The antenna resistance measured at the 
base of the antenna would be slightly higher than the values used and 
thus the actual antenna efficiency is slightly less than the values 
given. 

32. 'lhe following procedure was followed in determining the re­
sistance of the antenna loading coil. After all the field strength 
measurements were completed, the coupling lead between the antenna 
loading coil and the power amplifier circuit was disconnected. The 
antenna terminal of the transmitter and the I'-f ground end of the 
antenna loading coil were then connected to the coil tenninals on the 
Q meter. The antenna tuning controls on the XTAQ-5 transmitter were 
set to the positions which had been recorded for a particular antenna 
and frequency. The Q meter was set to the same frequency and the Q 
of the antenna loading coil measured. From the Q and capacity readings, 
the I'-f resistance of the antenna loading coil was computed. Th.us, 
from a series of Q meter measurements, the antenna loading coil re­
sistance was calculated for all the antenna systems and for all the 
frequencies used during the tests. The loading coil resistance is 
plotted as a function o.f the frequency for the six antenna systems in 
Plates 1, 2, 3, 5, 6, and 7 as curve No. 3. 'lhe antenna loading coil 
resistance decreases as the frequency increases. 'lhe minimum fre-
quency to which the transmitter "WOuld resonate the 65 foot vertical 

antenna (no trunk) was 244 kilocycles. At this frequency the antenna 
loading coil resistance is greater than at 250 kilocycles. If lower 
frequencies were to be used, the inductance of the antenna loading 
coil would have to be increased and this would increase the resistance 
of the loading coil at all frequencies. '!he same statements apply, 
within limits, to the other five .antenna systems. 

33. Since the antenna loading coil is effectively in series 
with the antenna system, the same current .flows in both the antenna 
loading coil and the antenna system. This current is measured at 
the antenna terminal of the transmitter and is called the antenna 
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system current, 'Ihus., if the antenna system current were known., 
the power fed into the antenna system and the power lost in the 
antenna loading coil could be computed. 

34. The percentage of the power amplifier tank power that is 
fed into the antenna system is: 

The percentage of the total power lost in the antenna loading 
coil is: 

R1 x 100 
- ---- % 

RA+ R1 

Wnere RA is the resistance of the antenna system and R1 is 

the resistance of the antenna l oading coil. 

(1) 

(2) 

35. 'Illus to limit the power loss in the antenna loading coil 
the antenna loading coil resistance must be low compared to the 
antenna system resistance. When the two resistances are equal~. 
one-half of the power amplifier tank power is dissipated in the 
antenna loading coil. A study of curves No. 1 and 3 in Plates 1, 2 , 
3, 5, 6, and 7 shows that the antenna loading coil losses are greater 
than the antenna system power for the low frequencies and that the 
antenna loading coil losses are less than the antenna system power 
for the high frequencies . The frequencies at which the antenna system 
power is equal to the power dissipated in the antenna loading coil is 
tabulated below for the six different antenna systems used cbJ.ring the 
investigation. 

Antenna 
System* 

1 
2 
3 
4 
5 
6 

Frequency at which antenna 
system power equals antenna 
loading coil power loss 

470 kilocycles 
380 
330 
450 
420 
340 

See 
Pla~ 

1 
2 
3 
5 
6 
7 

36. At 250 kilocycles the percentage of the power amplifier tank 
power lost in the antenna loading coil is given in the following table 
for the six antenna systems investigated. 

Antenna 
System* 

-:i- See 

1 
2 
3 
4 
5 
6 

Percentage of P. A. tank power lost in 
antenna loading coil at 250 kc 

25 above. 

69% 
63% 
61% 
72% 
66% 
63% 
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37. The percentage of the power amplifier tank power lost in 
the antenna loading coil can be computed from Equation (2) for any 
of the six antenna systems (Curves No. 1 and 3 in Plates 1, 2, 3, 5, 
6, and ?). Thus, if the resistance of the antenna system and the 
resistance of the antenna loading coil are known, considerable in­
fonnation is easily computed, The antenna system power and the 
antenna loading coil power loss are discussed in paragraphs 40 and 41. 

38. In Plate 4 the capacitance of the three antenna systems 
where no trunk is used is given as a function of the frequency. 
'lhcre is a marked gain in antenna system capacity with antenna height. 
This increase in antenna capacity with antenna height decreases the 
amount of antenna loading inductance required to resonate the antenna. 
'Ihe less the antenna loading inductance the less the resistance of the 
loading coil which in tum will decrease the power lost in the antenna 
loading inductance. 

39. In Plate 8 the capacity of the antenna system is given as 
a flmction of the frequency for the three antenna heights when using 
the 66 foot trunk. The capacity of the antenna alone is also given 
as a function of the antenna height. Both sets of curves show the 
increase in capacity with increased antenna height. Curves No. 4, 5, 
and 6 in Plate 8 show that the capacity per foot of antenna is 2.1 
micromicrofarads. This, of course, refers to the low frequencies ,mere 
the static capacity is about equa]_ to the r-f capacity. 'lbus for short 
antennas in the clear, the figure 2.1 micromicrofarads per foot can be 
used as a rule of thumb method for obtaining the antenna capacity, if 
the antenna wire is about 5/16 inch in diameter (e.g., the above value 
should not be used for a 2 foot diameter cage). For short antennas 
near the ground, the antenna capacity may be as high as 2. 5 micro­
microfarads per foot for a 5/16 inch cable. 

40. As pointed out in paragraph 33 above, the antenna loading 
coil is in series with the antenna system and the same current flows 
through both. The power lost in the antenna loading coil is equal to 

The power supplied to the antenna system is 

r2RA 

(3) 

(4) 

The power delivered by the power amplifier tank is equal to the sum 
of the power lost in the anterma loading coil and the power supplied 
to the antenna system, and is 

( 5) 

where P is the power amplifier tank power and I is the antenna 
system current. R1 is the resistance of the antenna loading coil 
and RA is the resistance of the antenna system. 

41. The power amplifier tank power P is greater than the 
nonti.naJ. power rating of the transmitter because the power lost in 
the antenna loading coil is not included in this rating. The antenna 
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system power may be divided into a number of parts. Part of the 
antenna system power is dissipated in the lead-in; part in the trunk 
(if a trunk is used); part in the ground and dielectric losses and 
a part is radiated. If tBree of the quantities in Equation (5) are 
known, then the fourth can be computed. For example, if P, R1 and 
RA are known, then the antenna system current can be calculated. 

42, In Plates 10 to 15 inclusive, the power lost in the antenna 
loading coil and the antenna system power are given as a function of 
the frequency for the six different antenna systems. 'Ihe points were 
calculated from the antenna system resistance, loading coil resistance 
and the antenna system current by Equations (3) and (4). The antenna 
system current or the current at the antenna tenninal of the trans­
mitter was not measured directJ.y because no cormnercial r-f ammeters 
were available which would measure r-f currents of 40 amperes at r-f 
potentials as great as 40,000 volts. The transmitter antenna current 
was measured; this is the current in the ground side of the antenna 
loading coil. A study of the acceptance test data of the XTAQ-5, as 
contained in reference (g), indicated that the antenna system current 
is about 86% of the current as read on the transmi. tter antenna r-f 
ammeter. 

43. 'Ihe curves in Plates 10 to 15 inclusive were calculated 
from the power amplifier tank power, the antenna system resistance 
and the antenna loading coil resistance by Equation (5). The power 
amplifier tank power was taken as the average value of the 35 sets 
of measurements shown in Plates 10 to 15. The points do not fall 
upon a smooth curve. The plotted points may be in error due to the 
following cause~: 

( a) 'Ihe transmitter could be tuned and adjusted 
with a high degree of care and accuracy, but 
a check sometime later would indicate that a 
falling off in tank power had occurred. This 
would result in a lower average value of tank 
power. Differences o:f this nature would have 
but small influence upon practical cmmnunica­
tions, but would introduce a source of error 
in the precise measurements which were being 
attempted during the course of this investiga­
tion. 

(b) Errors in measuring the antenna system resistance. 

( c) Errors in measuring the antenna loading coil resistance. 

(d) Errors in measuring the antenna system current. 

'Ihe last three sources of error will average out over a series of 
measurements. 

44. Certain fundamental facts can be observed from Plates 10 
to 15, inclusive. 
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(a) :F'or a given antenna system and transmitter, the 
frequency at which the power lost in the antenna 
loading coil equals the antenna system power, 
decreases as the antenna height increaseso 

(b) For the same antenna., the power supplied to the 
antenna system is less when the trunk is used; 
i.e,, the antenna loading coil power losses 
increase with the increase in length of the 
trunk. ( Compare Plates 10 and 13; 11 and 14; 
and 12 and 15.) 

(c) The higher the antenna the more power that is 
supplied to the antenna system. 

(d) The antenna loading coil losses always decrease 
with frequency for any antenna system. 

(e) The power supplied to the antenna system in­
creases with frequency. 

45. As previously pointed out, the power amplifier tank power is 
equal to the sum of the power lost in the antenna loading system and 
the power supplied to the antenna system. The power amplifier tank 
power is given in line 31 of Tables 2, 3, 4, 51 6, and 7, or can be 
obtained by adding the antenna system power and the power lost in the 
antenna loading coil as presented in Plates 10 to 15, inclusive. In 
Plate 16, the power amplifier tank power is plotted as a function of 
the test number (from 1 to 35) from the data appearing in line 1 of 
Tables 2, 3, 4, 5, 6, and 7. The average value of the power amplifier 
tank power as computed from the 35 measurements is 1770 watts. During 
these tests the transmitter was operated at 62% of full power to avoid 
potential breakdowns. 'Ihe average deviation from 1770 watts is less 
than 10%. Th.e power amplifier tank power as computed from the ac­
ceptance test data of reference (g) for full power operation is 3100 
watts. '!he input power to the power amplifier tank under full power 
conditions, E,._ 2250 and Ip 2 amperes, is 4500 watts. The power 
amplifier tank power as calculated from the average value of line 31 
in Table 8 is 3090 watts . Here the transmitter was operated at full 
power input of 4500 watts to the power amplifier. Thus it will be seen 
that there is excellent agreement between the power amplifier tank 
power as calculated from the acceptance test data and the data obtained 
during this experimental investigation. During the acceptance tests of 
the transmitter, dummy antennas V:Tere used and the resistance of these 
dunnny antennas was generally several times the resistance of the load­
ing coil; hence the losses in the loading coil did not reach exccssi ve 
values. Th.e resistance of a dummy antenna can be measured with a high­
er degree of accuracy than the resistance of an actual antenna and thus 
the power amplifier tank power could be determined with a high degree 
of accuracy. 

46. Th.e conversion efficiency of the power amplifier, as deter­
mined from the acceptance test data, is 

)100 X 100 = 68.9% 
4500 
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vmen operating at full power. '!he actual conversion e f ficiency is 
slightly greater than this value due to small power losses in the 
power amplifier tank circuit. 

47. From Plate 16 it was determined that the average power 
amplifier tank power during these tests was 1770 wattso The input 
to the power amplifier was 2800 watts, or 62% of full power. The 
conversion efficiency under these conditions is 

1770 X 100 = 63.2% 
2800 

As discussed later in paragraph 66 and as shown in Plate 29, the 
power ampli£ier conversion efficiency at 2800 watts input to the 
power amplifier is the same, within experimental limits of error, 
as when operating at 4500 watts power amplifier input. 'lhus the 
power amplifier tank power for an input of 2800 watts should be ap­
proximately 68. 9% of 2800 or 1920 watts . Therefore, it will be seen 
that the average measured power amplifier tank power of 1770 watts is 
about 8% low. This disagreement is largely due to the reason dis­
cussed in paragraph 43(a) above. Ho,rever, this difference of 8% is 
not considered excessive when the possibi lity of errors .from a large 
number of sources is taken into account. In general, the degree of 
accuracy obtainable in r-f power measurements , when made under con­
trolled laboratory conditions , is considered to be approximately 5%. 

48. Thus it can be concluded that the power amplifier tank povrer 
of the Model XTAQ- 5 transmitter is about constant for all frequencies 
within the range of operation and for all antenna systems if the input 
power is kept constant. Thus , if the resistance of the antenna system 
and the resistance of the antenna loading coil are known, it is possible 
to calculate the antenna system current by Equation (5) as accurately 
as it can be measured. 'lhe resistance of the antenna loading coil Cclil 

be measured at all frequencies for all values of inductance and thus, 
if the antenna capacity is knorm, the resistance of the antenna load­
ing coil can be determined from a set of curves. Therefore, only the 
antenna resistance and capacitance are necessary in order to calculate 
the antenna current at the output terminal of the transmitter. 

49. Power supplied to the antenna system. The power supplied 
to the antenna system is either lost in some point of the antenna 
system or it is radiated. A comparison of the curves for the power 
supplied to the antenna system, Plates 10 to 15 inclusive, and the 
po,rer radiated, Plates 23 to 26 inclusive, shows that the radiation 
efficiency of the antenna systems may be very low, particularly when 
short antennas are used at the lower frequencies . Power may be lost 
in the lead- in, in the trunk (if a trunk is used) and in the loss re­
sistance of the antenna. 

50. Power loss in lead- in. The power lost in the lead-in is due 
to conductor loss and Eli.electric loss in the dielectric adjacent to or 
surrounding the conductor. It was detennined that the conductor loss 
in the 13 foot lead- in used in these experiments varied between approxi­
mately 10 and 20 watts when the XTA(- 5 transmitter was operating at 
62% of full power into the different antenna systems at various fre­
quencies. There is indirect evidence to show that the dielectric 
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loss in the lead-in was many times the conductor loss. 'lhe lead-in 
carried high current, was at very high r-f potentials and was within 
15 to 20 inches of a re-inforced concrete wall. A large volume of 
dielectric in a strong electric field may produce relatively high 
power losses. However, the dielectric loss in the lead-in is only a 
small portion of the total power amplifier tank power and in actual 
shipboard· installations where the majority of the surrounding objects 
are of high conducting metal, dielectric losses will be practically 
negligible • 

51. Pmver loss in trunks. Power losses in trunks may be pro-
duced by the following factors: 

( a) Conductor losses, 
(b) Dielectric losses. 
(c) Losses due to corona. 
(d) Indirect losses due to trunk. 

'lhese separate losses are discussed in some detail below. 

52. Conductor losses in trunks. The expression presented as 
Equation (5) on page 6 of reference (f) gives the conductor power loss 
in trunks at intermediate frequencies and may be applied if the trunk 
is less than 500 feet long and the antenna is not over one-eighth 
wave length. From Equation (15) of the appended mathematical note, 
the following simplified fonnula for the conductor loss in a trunk 
is derived: 

where 
I is the current at the tra.nsmi tter end of 

the trunk. 
P is the power in watts. 
r is the resistance per foot of trunk. 
L is the length of the trunk in feet. 
r1 is the current in amperes at the base of 

the antenna. 

(6) 

The above fonnula is not as accurate as Equation (5) of reference (f), 
but for trunks that are not over 100 feet long it is sufficiently ac­
curate for practical purposes. Conductor losses in the trunk used 
during these expe riments were calculated by both of the above methods 
and good agreement was obtained. It was found that the conductor 
loss in the 66 foot trunk used with the various antennas and at the 
various f:requencies employed in these experiments, varied between 15 
and 40 watts when the XTAQ-5 transm:i. tter was operating at 62% of i\il.l 
power. 

53~ Dielectric losses in trunks, It has been detennined that 
the dielectric loss per cubic centimeter of isolantite is proportional 
to the frequency and the electric field. At 200 kilocycles, the power 
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loss in isolanti te at 1000 vol ts per centimeter was found to be 
l .? x 10- 3 watts per cubic centimeter. 'Ihe general fonnula for the 
power loss in a stand-off insulator in a trunk is derived in Equation 
(18) of the appended mathematical note. 'Ihe power loss in such an 
insulator is 

where 

P = A ~ watts 

P is the power loss 
A is the cross-sectional area of the 

insulator in square centimeters. 
E is the ~f potential in RMS kilovolts 

across the insulator, 
p is the power loss in watts per cubic 

centimeter of isolantite for an 
electric field of 1000 RMS volts 
per centimeter. 

(?) 

For the 65 foot vertical antenna Vii th the 95 foot flat top at 200 kilo­
cycles, the potential E is 26, 600 RhS volts (see Table 3). 'Ihe area 
A of the insulators was 6.45 square centimeters . The power lost per 
insulator is 0.3 watt. Since there vrerc 23 insulators used in the 
trunk, the total dielectric loss from this source ,-ras about ? ,ratts. 
This v.ras the maximum dielectric loss in the trunk for the various anten­
nas used during the tests. 

54. Losses due to corona. In the foregoing calculations, it is 
assumed that there was neither corona nor arcing within the trunk. If 
corona does exist w:i. thin the trunk, the losses will be very high, as 
illustrated in Table 9 attached hereto. As previously stated, the power 
amplifier tank power of the Model XTA~5 transmitter is approximately 
3100 watts at full por.er operation. The calculated power amplifier 
tank po,rer shmm in line Jl of Table 9 is of a nru.ch lmrer value. The 
difference bet17een 3100 watts and the values shown in Table 9 is approxi­
mately equal to the power loss occasioned by corona. Therefore, the 
losses due to cor ona were as high as ?00 to 900 watts under these par­
ticular conditions. Attention is invited to the fact that this corona 
existed without actual breakdovm or arcing occurring in the trunk. 

55. Indirect losses due to trunk . It was not practicable to make 
antenna resistance measurements at the time of the field strength meas­
urements . ( The antenna resistance refers to the resistance at the base 
of the vertical radiator.) This antenna resistance could be calculated 
indirectJ.y from other measurements. 'lhus, although the antenna current 
is kno.m, the antenna power cannot be calculated directly in this case. 
However, the major part of the antenna system power must be supplied 
to the antenna if corona does not exist in the trunk. Thus, for safe 
operation of the transmitter, the losses in the trunk are very small 
and the lead-in losses can be made very small if the lead- in is short 
and if the volume of bad dielectric near the lead- in is small, Although 
the power lost in the trunk may be vo.nishingly small, it cannot be con­
cl udcd that the radiated power with nnd with out the trunk is the same• 
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The trunk and lead-in shunt part of the antenna system current to 
ground. 'lhus the current in the antenna loading coil is greater 
than the antenna current. Therefore the antenna loading coil losses 
are greater with the trunk and the power supplied to the antenna is 
less. This is shown in Plates 10 to 15 inclusive. 

56. Calculation of current at the base of the antenna. When no 
trunk was used, only the transmitter antenna current was measured for 
the reasons given in paragraph 42 above. 'lhus the current at the base 
of the antenna had to be calculated. From the measurements which were 
made, it was possible to calculate the antenna current by three dif­
ferent methods. 

Let.hod I. 'lhe current at the base of the antenna may be computed 
by the following fonnula: 

I2 = ~ I (8) 
CA 

where I is the antenna system current 
I2 is the antenna current 
Ca is the antenna capacity (given in curves 4, 5, 

and 6 of Plate 8) 
CA is the antenna system capacity (given in Plate 4) 

1.ethod II. At 28% of full power, both the transmitter antenna 
current 16 and the antenna current I 7 were measured. 
Then the antenna current at 62% of full power is : 

where 

Ig 

Ig is the transmitter antenna current at 62% 
of full power. 

(9) 

liethod III. When using the trun.1<:, both the antenna cuITent I1 and 
the field strength s1 were measured. When using the 
same height antenna, without trunk, the field strength 
s2 was measured. Therefore, the antenna current, when 
no trunk is used is: 

(10) 

57. Comparison of results by 1'.ethods I, II, and III. The curves 
in Plates 17, 18, and 19 give the antenna current as computed by the 
three methods as a function of the frequency for tho three antenna 
heights. The agreement among the values arrived at by the three dif­
ferent methods is as good as can be expected 1vhen consideration is 
given to the accuracy with which some of the measurements could be made. 
Since the accuracy of the three methods is about the same, the antenna 
current 19 is: 

(11) 
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When the trunk was used, the antenna current 11 was measured. The 
antenna current can be computed f"rom the follOWl.ng formula : 

where 15 is the computed antenna current 
Ca is the antenna capacity ( curves 4, 5, and 6 

of Plate 8) 
CA is the antenna system capacity ( curves 1, 

and 3 in Plate 8) 
2, 

I is the antenna system current. 

'Ihe measured current and the current computed by Equation (12) are 
plotted as a f\mction of the frequency for the three antenna heights 
in Plates 20, ZL, and 22. It wil l be noted that good agreement 
exists between the measured and computed antenna currents, indicating 
that the current may be calculated with about the same degree of ac­
curacy as it is possible to measure this value. 

58. Determination of radiated power. 'lb.e radiation resistance 
R of the partially shielded antennas is given as a function of fre­
quency in Plate 9. 'Ihe radiation resistance is referred to the base 
of the antenna. 'Ihe radiated power, in watts, is: 

and 

I~R when the trunk is not used 

IiR when the trunk is used. 

In Plate 2J, with the transmitter operating at 62% of Ml power, the 
radiated power is plotted as a function of the frequency for the three 
different antenna heights vben no trunk was used. The average gain in 
radiated power, in the frequency band of 250 to 565 kilocycles, obtained 
by increasing the antenna height from 65 feet to 95 feet is 123%. A 
gain of 349% is obtained by increasing the antenna height from 65 feet 
to 125 feet. 'Ihus by increasing the antenna height by JO feet, or 
about 50%, the radiated power is more than doubled and by approximately 
doubling the anterma height, the radiated power is more than quadrupled. 

59, Radiated power as a function of antenna height at frequencies 
of 250 and 400 kilocycles is plotted in Plate 24, when the trunk was 
not used. For purposes of comparison, data in connection with a 180 
foot vertical antenna carrying a 200 foot nat top are included. The 
curves show that the radiated pcr.ver increases with antenna height at a 
rapid rate up to antenna heights of 180 feet. 'l'he power radiated by 
the 180 foot vertical with the 200 foot nat top is 18. 6 times the power 
radiated by the 65 vertical antenna with the 95 foot nat top. 

60. In Plate 25 the radiated power is plotted as a function of 
the frequency for three anterma heights men using the 66 foot trunk. 
The transmitter was operated at 62% of full power. The increase in 
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radiated power with frequency is clearly illustrated by these curves . 
For example, the power radiated by the 65 foot vertical antenna at 
565 kilocycles is 8.5 times the power radiated at 200 kilocycles. 
Th.e average gain in radiated power over the frequency band of 200 to 
565 kilocycl es by increasing the antenna height from 65 feet to 95 
feet is 232% and the gain obtained by increasing the antenna height 
from 65 feet to 125 feet is 568%. 

61. In Plate 26 the radiated power is plotted as a function of 
the antenna height for a number o:f frequencies when the 66 foot trunk 
is used. The rapid decrease of radiated power with decrease in antenna 
height at all frequencies is vividly illustrated. From the curves it 
appears that the radiated power would be nearl y zero for antenna heigh ts 
of 40 feet. 

62. As previously stated, during these tests the transmitter was 
operated at 62% of full power, which was the maximum power at which 
voltage breakdowns would not occur in the transmitter vdlen operating 
with the 65 foot antenna. Under these conditions the power amplifier 
tank power was at least 1770 watts. The difference between the power 
amplifier tank power and the radiated power is the l'-f power which is 
dissipated in the antenna loading coil and in the antenna system. 'Ihe 
results of this investigation r eveal that the radiated power ma.y- be as 
low as one-half of one percent (0.5%) of the power amplifier tank power. 
'lhis extremely low efficiency is encountered men oper ating into short 
antennas at the low end of the frequency band, and under such condi­
tions as much as 99. 5% of the power amplifier tank power is lost. 

63. 'Ihe above data on radiated power hi:s been calculated from the 
radiation resistance and the antenna ctuTent. In paragraph 83 below 
the agreement betvreen the measured fiel d strength and the field strength 
calculated from the radiated power is discussed. The agreement betvreen 
the calculated and measured field strengths is such as to convince one 
that the calculated radiated power nmst be fairly accurate. 

VOLTAGE COOSIDERATIOOS 

64. In addition to the power considerations which have been dis­
cussed in the previous paragr aphs of this report, the antenna voltage, 
the trunk voltage and the potentials existing in the transmitter unit 
are factors of the utmost importance. Proper precautions must be ob­
served to avoid damage due to destructi vc arcing or serious losses due 
to corona. For example, it was found that a No. 8 wire could not be 
used for the antenna as corona occurred at various points along the 
wire, due to tho small diameter. The power loss due to visual corona 
may assume serious proportions, as pointed out in paragraph 54 above. 
Therefore, precautions must be exercised to insure that the transmi tter1 
the trunk and the antenna are designed to withstand the maximum po­
tentials which are likely to be encountered. Vfuen the length of the 
antenna system is a small fraction of a wave length, as is the case 
for shipboard antennas in the region of 200 kilocycles, the potential 
at all points along the antenna system is about the same. 'lllis is 
illustrated in the follordng table, Vihich was compiled from data ob­
tained with the Model XTAQ-5 transmitter operating at 62% of full power. 
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(1) (2) (3) 

Antenna-:i- P:.;ak Voltage Peak Voltage at Antenna 
Svstem at Tr ansmitter End of Trunk 

4 37,5('0 39,000 
5 34, 100 36, 200 
6 30, 60') 31,400 

(*) See paragraph 25 above for description of antenna systems . 

'!he potentials at the end of the antenna are slightly higher than the 
values listed under column (3) of the above table. During the course 
of the tests it was obser ved that the corona did not show any distinct 
preference for the antenna end of the trunk, indicating that the po­
tentials at various points along the trunk did not vary appreciably. 
'Ihe difference in potentials as 1isted in columns ( 2) and (3) above 
may be partially duo to experimental error s . 

65. The potential at the antenna teminal of the transmi. tter 
was calculated from the antenna system current, the antenna system 
capacity and the frequency. In Plates 27 and 28 the antenna system 
voltage, trunk voltage or antenna voltage, is plotted as a function 
of the frequency for the three antenna heights, -wi. th and without the 
66 foot trunk. During these tests the transmitter was operated at 
62% of full power. '!he antenna system vol tagc increases as t.~e height 
of tJ1e antenna is decreased, for a given frequency. This is true 
vthethcr a t:runk is or is !lot used. Reference to the curves reveals 
that the transmitter can be resonated to a lower frequency with a 
trunk than without a trunk, when a given antenna· is used. 'Ihe antenna 
system voltage, however, is approximately of the same value in both 
instances; however, the frequency is l ower in the case where the 66 
foot trunk '\'ras used. At the same frequency, the antenna system 
voltage will be much lower when the trunk is used. 

66. In line 38 of Table 8 the peak antenna voltage \'fas calculated 
from the antenna system capacity, the antenna system current and the 
frequency while the Model XTAQ-5 transmitter was operating at full power 
into the 125 foot antenna system v;ith 95 foot flat top an(: without the 
trtmk. If one assumes that the power amplifier conversion efficiency 
is the same at 62% of full power, then the full power antenna system 
peak voltage can be computed from the 62% measur ements . 'Ihis computa­
tion was perfonned by inul ti.plying the 62% values of antenna system J>Eak 
voltage, appearing in line 37 of Table 6 by the sqµare root of 100/62 
to gi vc the antenna system peak vol ta.ge at full power. Line 38 of 
Tables 2, J, 4, 5, 61 and 7 were calculated by this method.. In Plate 29 
the antenna system peak voltage is plotted as a function of frequency 
for antenna system No. J. One set of points was computed from the full 
power measurements, line J8 of Table 81 and the other set of points from 
the 62% measurements of line 38 of Table 6. Both sets of points fall 
on the same curve; hence it may be assumed that tho conversion efficien­
cy of the povter amplifier is approximately the sam~ at 62% of full power 
as at full power. 'Ihis agreement appears to justify the translation 
of the 62% values to i\lll power values . 
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67. In Plates 30 and 31 the antenna system peak voltage for 
.full power operation of the XTAQ-5 transmitter is plotted as a func­
tion of the frequency for the six antenna systems used during the 
tests. For the 65 foot vertical antenna., the antenna system peak 
voltage may be as high as 4?>600 volts, with or without the trunk. 
It should be noted, however, that this peak voltage does not occur 
at the same frequency with and without the t:nmk. 

68. During the acceptance tests of the Model XTAQ-5 transmitter 
it was demonstrated that the equipment was capable of producing the 
required power when operating into the antenna constants prescribed 
by the governing specifications. The maximum peak voltage encounte:r-
ed during these tests, as computed from the data contained in refer­
ence (g), was 36,200 volte, which occurred at 175 kilocycles when the 
antenna constants were 1.0 ohm resistance and 1179 micromicrofarads 
capacitance. The peak antenna voltage encountered during the tests 
wherein the transmitter was operated at 62% of full power into the 
65 foot antenna system, vii.th or without the trunk, was 37., 500 vol ts. 
These voltages occurred at 200 kilocycles when the trunk was used and 
at 250 kilocycles when no trunk was employed. 'lhus it will be seen 
that the transmitter was actually subjected to over voltage even though 
the power was reduced to 62% of the full power rating. When the 125 
foot vertical antenna and trunk were used, the transmitter could have 
been operated at about 70% of full power and still remain within the 
specification limits of antenna voltage. An antenna system on board 
ship will usually have somewhat lower resistance than a comparable 
antenna on shore, due to the decreased 11 ground" resistance. '!his will 
result in somewhat increased antenna current and increased antenna po­
tentials. It is believed, hovrever, that this increase will be of no 
great magnitude due to the limiting action of the antenna loading coil, 
which results from the fact that at the lower frequencies the resistance 
of the loading coil is likely to be several times greater than the re­
sistance of the antenna system. (See Plates 5, 6, and ? . ) 

69. ShortJ.y after starting the experiments, voltage breakdovms 
occurred within the transmitter unit vmile operating into the 95 foot 
vertical, 95 foot fl.at top antenna system. 'lhe trunk was being used 
at the time. In general, the damage consisted of a. burned li tz con­
ductor near the top of the loading coil, a blistering of the bakeli te 
fonn on which the loading coil is wound and arc-overs from the antenna 
conductor within the transmitter. While operating into the 125 foot 
antenna, with and without the trunk, several arc-overs were noted 
within the transmitter, but no pennanent damage was observed at the 
time, al though these arcs may have contributed to the failure which 
occurred later. 'lhese troubles were encountered while attempting to 
operate at the lovrer end of the frequency range in the vicinity of 
200 kilocycles. It should be pointed out that while operating under 
these conditions, the transmitter was actually subjected to potentials 
in excess of the voltages which would be encountered if antenna con­
stants in accordance vrith the specifications under which the XTAQ-5 
was constructed had been adhered to. 

70. During the course of the measurements the following general 
observations were made: 
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(1) Corona would occur at a lower trunk voltage 
on days of high humidity 4 

(2) Arcing or voltage breakdown in the trunk 
started at a lower antenna system voltage 
on days of high humidity. 

(3) Visual corona on the inner conductor of the 
trunk could exist for several minutes 
without voltage breakdO'l'IIl occurring. 

(4) There seemed to be no preferred points or 
region at which visual corona would start 
in the trunk. 

( 5) Generally, the visual corona would start on 
the inner trunk conductor between insulators 
and travel along the inner conductor. 

( 6) There were times when visual corona started 
near a corona shield. 'Jhe corona shields, 
insulator and inner conductor construction 
are shown in Plate 53 appended hereto. 

(?) No sharp point or rough area was ever found 
at or near the point where visual corona 
started. 

(8) Visual corona produces ozone. 

( 9) The presence of corona is indicated by a 
hissing noise. 

(10) Visual corona generally occurs before voltage 
breakdown. 

(11) The presence of visual corona is sometimes 
indicated by unsteady or fluctuating antenna 
current. 

( 12) No voltage breakdovm was observed in the trunk 
after corona shields were applied to all 
insulators. 

(13) The trunk was capable of withstanding higher 
potentials than the transmitter, but voltages 
which produced breakdown in the transmitter 
were capable of causing corona in the trunk. 

(14) The potential necessary for corona decreases 
with an increase in frequency. 

71. In Plate 32, the potential gradient at the surface of the 
inner conductor of the trunk is plotted as a function of the diameter 
of the trunk for various diameters o:f inner conductors. The potential 
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difference between the inner and outer conductor is l()(X) volts. For 
a trunk of 1 8 inch outer diaiooter with a 3/4 inch inner conductor., the 
potenti al gradi ent at the inner conductor is 335 volts per centimeter 
per 1000 volts. During the tests it was observed that visual corona 
would start at 37,500 vol ts. This corresponds to a potential gradient 
at the inner conductor of 12,600 vol ts per centimeter. Thus, if the 
potential gradient were in excess of 12, 600 volts per centimeter in a 
trunk wi. th a 3/ 4 inch inner cmduc tor, visual corona may exist. ~1hile 
every effort was made to provide a smooth surface on the inner con­
ductor of the trunk used during these tests, slightly rough areas may 
have existed which may have been instrumental in reducing the potential 
gradient necessary for corona as compared to the gradient which would 
have to exist on a pe rfcctJ.y smooth and pol ished conduc t or. It is 
believed, however, that the trunk used in these tests had an inner 
conductor which would compare favorably with the general run of trunk 
installations on board ship. Hence, from a practical viewpoint a 
potenti al gradient of 12,600 peak volts per centimeter at the surface 
of the inner conductor may be considered an average value at which 
visual corona will start in trunks with 3/ 4 inch inner conductors. 

72. In Plate 33 the potential gradient necessary for visual 
corona at 60 cycles, is pl otted as a function of the diameter of the 
inner conductor. Investigations have proven e:xperimentally that the 
potential gradient necessary for visual corona decreases with an in­
crease in frequency. From this curve the potential gradient necessary 
for visual corona for a 3/ 4 inch inner conductor is 40, 700 peak vol ts 
per centimeter. If moisture were condensed upon the inner conductor 
the potential. necessary for visual corona is reduced to about 12,000 
peak volts per centimeter. At 60 cycles the potential gradient neces­
sary for visual corona is not a function of the humidity if the dew 
point is not reached. (See "Di.electric Phenomena in High Voltage Engi­
neering" by F. W. Peek. ) Since, during the observations made, the 
inner conductor was dry, then 40, 700 divided by 12, 600 equals 3 . 25, 
which is the factor by which the potential gradient at 60 cycles is 
decreased at 175 kilocycles for average trunks . Applying this factor 
to a 12 inch trunk m th a 3/8 inch inner conductor, it -wil.l be seen 
that 13, 800 peak vol ts per centimeter is the potential gradient neces­
sary for visual corona at 175 kilocycles for an average trunk. From 
Plate 32, the potential gradient at the inner conductor per 1,000 volts 
applied to the 12 inch x 3/8 inch trunk is 6J.O peak vol ts per centi­
meter. 13,800 divided by 610 equals 22,600 peak volts, or the :maxim:um. 
corona free vol tage that can be applied to a 12 inch trunk with a 3/8 
inch inner conductor at 175 kilocycles. During the course of these 
tests, evidence was noted which indicated that high humidities did have 
an effect upon the potential gradient necessary to produce corona. 
Hence,it appears that if the humidity was high or the inner conductor 
,,as wet, the maximum corona free voltage would be less thm 22, 600 
peak volts. 

73 . 'Ihe maxi.mum corona free voltage at 175 kilocycles for a 
number of trunks is given in the table belon. It is assumed that the 
humidity is not excessive: 
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Cutside Inside Ma.rim.um 
Diameter Diameter Corona Free Capacity per ft. 
of Trunk of Trunk Peak Voltage micromicrofarads 

1811 l" 45,900 5.83 
1811 3/ 411 37,500 5. 3 
1811 1/211 29, 300 4.73 
1811 3/811 25,100 4. 37 
1211 l" 38,800 6.8 
1211 3/411 33, 000 6.1 
1211 1/211 26, 400 5.3 
1211 3/811 22,600 4.9 

9" 111 34, 000 7. 35 
9" 3/411 29,700 6.8 
911 1/211 25, 000 5.83 
9" 3/811 21,000 5. 3 
911 1/4" 16, 200 4.73 

?4. It is reaJ.ized that the data from which the above table 
was computed am lim:i. ted and are not based on sound experimental or 
theoretical considerations of proven value. Hence, the above table 
should be used with care, especially for design purposes until more 
data of proven worth are accumulated. However, it is believed t.h.at 
the above method of obtaining the maxi.mum corona free voltage is a 
step forward and may be used to advantage until more accurate in­
formation is available. 

?5. It is apparent from the above table that the maximum corona 
free voltage across the trunk depends primarily upon the diameter of 
the inner conductor; e . g . , a 12 inch trunk with a 1 inch inner conductor 
will withstand a higher potential than an 18 inch trunk with a 3/ 4 
inch inner conductor. The capacity of 66 feet of the 18 inch trunk 
is 350 micromicrofarads, while the capacity of the same length of 
12 inch trunk is 450 micromicrofarads. Thus while the 12 inch trunk 
is capable of withstanding higher potentials, the increased capacity 
of the trunk w.ill decrease the radiated power, especially for short 
antennas. 

76. As shown in paragraph b4 above, the antenna system and 
antenna voltage are about the same. Therefore, the transmitter, the 
lead-in, the trunk and the antenna itself must aJ.l be designed to 
withstand the same maxim.um peak potentials. The data obtained during 
the acceptance tests of the Model XTAQ-5 transmitter and during the 
course of this investigation, indicate t.~at about 36,000 volts is 
the ma.rim.um peak voltage which this transmitter will vnthstand without 
voltage breakdown. If transmitters of this type are to be used with 
short antennas and trunks for which the antenna system capo.city is 
less than 900 micromicrofarads at 175 kilocycles, the inductance of 
the antenna loading coil will have to be increased and the insula­
tion of the antenna loading coil and other elements within the trans­
mitter will have to be materially improved. For example, the 65 foot 
vertical antenna with 95 feet of flat top, operating in conjunction 
with a f::h foot trunk, has a cc1..pacity of 775 micromicrofarads at 175 
kilocycles. 'Ihus the inductc'trlce of the loading coil would have to 



be increased 16% to resona.te the anterna at 175 kilocycles . 1-:t the 
sallie ti.me the insulation of the transmitter c..nd t.he antenna system. 
would have to be sufficient to withstand at least 50, 000 peaK volts 
instead of 36, 000 peaK volts as at present . Reference to 1late 52, 
which is a rear view of t .e l_odel 1.TAC..- 5 transmitter with shields 
removed, shows that at presert the antenna circuits occup~ about 50% 
of the entire volume of the trc.nsmitter. Plate 50 shows the precau­
tions which must be e):.ercised to keep the ante•lna lead well in the 
clear and ;:>late 51, showing a close- up of 1,he anti;;nna load coil, 
indicates the precautions wnich must be taKen to prevent arcing from 
connectors, switch parts, etc ., by enclosing such p&rts in corona 
shields , To increase the inductance 01 the antenna loi:,.ding coil 16% 
and at the same time rec:_uire the inculation to ,:ithst&nd a 50:;' increase 
in volta6e, would result in a very decided incre"se in the space re­
quired for ~he antenna loading coil circuit . 6imilar precautions 
wow.ct be necessar:,, to insure Lliat sufficient voltage clearances and 
reasono.ble potential braciients exioted in the entire antenna s., st.eiu. 

FIELlJ .:S'I'Iu.t'\JGTH _;oNSI1J~t11UN.:3 

7?. The fiela. strength at any short d.istance ca.i be calculated 
from the ra.dl"" t.ect pm;er for snort ant,ennc.1.s . If this theoretical 
value of field strength at;rees wi. th Lne eJ.perimentally m.;:asurt:::d v&.lues, 
ti.en tl,e valt~ity of the -c.heoretical ca.lculc.t.ions of field strength 
and radi" Led pm-ier c.. s computed from t,l1e anter1,.1a constants anci. the type 
of trc1nsr:d.tter employed, hc..ve been subf:.tantLated. 

78 , Pluta 4l is a st.etch of t.he area. in whlch the exr..;eriments 
were conc.ucted • .,.,_s innicated. in this s ... etc.i, tne field strength 
oeca.sure .. 1ents were naue at 1~0. 1 0ompo.ss Hc,use loco.tion wl,ich is ;05 
.i..l.eters (1650 feet) aistart from t.he trc,.nsnd.ttin6 cntenna. ':'he ~jority 
of i'lela stre1,gth roeasureT'1ti,.ts 1,,ere maae in co:nnectlon with the six 
antenJJa systems energized bj- reCLns of the 1.odel ).TA..,-5 transmitter 
operating at 62% of full po,,er . /or comparison purposes, howev ~r, 
some measurements uere ma.de at 28'",.: of full pm•jer and i;.t Jull po\,er . 

79 . Fiela strength r.1easureraents were M£,ae with a receiver equip.t-ed 
with an electron-ray tube . The receiver was so &.djusted thc.t the sig­
nal unaer observation caused Lhe sh&.dow a.ngle to reduce to exactly zero . 
,,. Standard ..,ignal Generator wus then con11ected to the input of the re­
ceiver ana. the out1-,ut of the signal generator was adjusted to c.gain 
reduce t"-ie shadow angle of tl,e electron- r&.y tube to zero. This method 
gives only the relc..tive field strength; hence it w&s necessary to co.l­
ibr .. te t1e equip1ent in oroer to obtain the field strene:;th in milli­
volts per meter . This was accomplished oy to.king simultaneous measure­
n.erit.S by the above aescribed method and by means of standard field 
strene;th mec..suring equiprr.ent . "11 measurements were n1.t1de at the sa....e 
location and for all frequencies used uuring the experiments . lhus 
-c.ne iectron-1io.y Tube/3tauaara uibnal GenercJ.tor et .. uipment wc.s cali­
brated at one value of field sLrength fer al.l nece~sary frequencies . 
If 1,he fielo strength is <1ir1:1ctly propo1tioric1l t.o tne re .... ding obtained 
-witn t.'le st.c..r..da.rd field streni;tn mea.surin.; equipment, it is only neces­
sary to Ci:.librc.te the Electron-itay Tube/:::>t1..1.ndc1.rd .,;ignal Jenercj.tor 
equipment &.tone field stren6th f0r eg.oh frequency . 
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80. 'Ihe antenna current is directly proportional to the field 
strength, if the antenna is not changed. In Plate 34 the relative 
field strength is directJ.y proportional to the antenna current or 
act1,1al fi.eld strength. 'Iherefore, the field strength measuring ap­
paratus used for these tests had to be calibrated only as a function 
of the frequency and not as a function of the field strength. 

81. It is also possible to compute the field strength from the 
radiated power. 'Ihe radiated power is equal to the square of the 
antenna current times the radiation resistance. 'Ihe method of com­
puting the radiation resistance of shiel ded and unshielded antennas 
is given in reference (e). The antenna current can be measured di­
rectJ.y or may be computed by the methods outlined in paragraphs 40, 
56 and 57 above. During this investigation the measured value of 
antenna cu:rTent was used in the computations for the antenna systems 
when a trunk was empl oyed. The antenna current was calculated from 
Equation (11) of paragraph 5?, when the trunk was not used. 

82. In Plate 35 the fiel d strength is plotted as a function of 
the distance for a radiated power of 1 watt. The square root of the 
radiated power, in watts , times the f'ield strength as read from 
Plate 35, may be used to calculate the fiel d strength for any given 
level of radiated power. The field strength can also be computed 
from the dimensions of the antenna, the dimensions of the shield, if 
shielding is present, and the antenna current. 'Ihe two methods are 
fundamentally the same. 

83. During the course of this investigati on, the field strengths 
at No. 1 Compass House wer e calculated for the two following cases: 

(1) The partial shiel ding of the antenna by the trans-
mitter building was neglected; that is, the antenna 
was assumed to be in the clear. 

(2) 'Ihe partial shieldi ng of the antenna by the trans­
mitter building was taken into account in the compu­
tations. 

In Plates 36, 37, 38, 39, 40, and 4J. the field strength is plotted 
as a function of frequency for the six antenna systems. A carei'ul 
study of the curves in these plates reveals the following facts: 

(l) For the 65 foot antennas, m. th and without the trunk 
( Plates 36 and 39) the calculated field strength for 
a partially shielded antenna agrees very well ·with 
the measured field strength. 

(2) The field strengths as computed from the fonnulas, 
neglecting partial shielding of the antenna, are 
definitely too high for all antenna systems . (Plates 
36 to 41) 

(3) 'Ihe computed field strength for partially shielded 
antennas is about 20% higher than the measured field 
strength for the 95 foot antennas, with and without 
the trunk. (Plates 37 and 40) 
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(4) The calculated field strength for partially shielded 
antennas is about 35% higher than the measured field 
strengths for the 125 foot antennas. (Plates 38 and 
41) 

It is emphasized that the absolute value (not relative values) of 
measured and calculated field strengths were plotted in Plates 36 
to 41 inclusive. 

84. In Plates 42 to 45 inclusive the field strength is plotted 
as a function of the antenna height for various frequencies. Here 
again it is clearly evident that the measured and calculated field 
strength curves diverge as the antenna height is increased. Only the 
calculated fiel d strengths for partially shielded antennas are shown 
in these plates because the field strengths that were computed for 
antennas in the clear were definitely in error. (See Plates 36 to 
41 inclusive) 

85. The divergence of the computed and measured field strengths 
vrith antenna height., in Plates 42 to 45 inclusive., is believed to be 
due to neglecting the effect of a non- symmetrical ground system and 
neglecting the effect of the antenna tO\vers and the messenger cable 
(steel) between the towers from which the various antennas were sus­
pended. It was assumed i n the computations that the earth is a per­
fect conductor. 'lhis assumption is justified for these frequencies 
if the earth has a finite conductivity and the conductivity is the 
same in all directions . 

86. During the preliminary work in connection with this investi­
gation, it was found that the antenna resistance of a 100 foot vertical 
antenna operating in conj unction with a metallic stake driven into the 
ground, was 25 ohms or more at 250 kilocycles. By increasing the con­
ductivity of the ground near the base of the antenna many fold , the 
ground resistance was reduced to less than 2 ohms at 250 kilocycles. 
'Ihus, by decreasing the ground resistance near the antenna, the antenna 
current and ground cu...TTents were increased although the same radiator 
and the same transmitter were used. 'lhe field strength at any point 
is proportional to the antenna current and therefore the field strength 
increases as the ground resistance near the antenna is decreased,. 

8?. '!he low resistance ground area, which was finally selected 
as the scene of the transmitting experiments, was not symmetrical 
about the antenna. 'Ihus within a radius R the ground resistance is 
the same in all directions , but outside a circle of radius R , the 
ground resistance is still low in some directions but high in others. 
'lbe shorter the antenna the more rapidly the ground current decreases 
with the distance from the antenna. 'lhus., the effect of the non­
symmetrical ground was the greatest f'or the 125 foot antenna, which 
was the highest antenna consistently used during these experiments. 

88. It is shovm in Equation (27) of the appended "Mathematical 
Note" that the field strength is proportional to the ground current. 
Since there was a smru.ler area of low resistance ground on the side 
of the antenna in the direction of the field strength measuring locar­
tion than on the opposite side of the antenna, the ground current, 
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and hence the field strength, will be less than the average value 
at the field strength measuring location, and conversely vtill be 
greater than the average value in the opposite direction. As 
indicated above, the effect of a non-symmetrical ground increases 
with antenna height and therefore it is to be expected that the 
oeasured and computed field strength curves in Plates 42- to 45 inclu­
sive will diverge. The vertical radiators and the 95 foot flat top 
employed in these tests were supported by a steel messenger cable 
between the 200 foot towers. As the antenna height increased, the 
distance between the flat top and the ground messenger cable decreased. 
Thus the coupling between the nat top and the messenger cable in­
creased with antenna height. This coupling had the tendency to de­
crease the radiation resistance of the antenna and again one would 
expect the measured and computed field strengths to diverge with 
antenna height. 

89. If the tests had been carried out under more ideal conditions, 
or if the corrections indicated in the above paragraphs were carried 
out quantitatively, it is reasonable to assume that the a.greement 
between the experimental and theoretical curves in Plates 36 to 45 
inclusive would be better. In view of the Il'tllllber of possible sources 
of error in the measurements and possible errors due to the non­
symmetrical ground system, and surrounding objects, the degree of 
agreement which was obtained is considered good. 

90. 'lhis leads to the important conclusion that if the antenna 
constants are known, the follO'.·,ing quantities can be calculated ac­
curately for any given intermediate .frequency transmitter: 

(1) 

(2) 

(3) 
(4) 

(5) 
(6) 
(?) 
(8) 
(9) 

(10) 

Field strength at short distances from the transmitting 
antenna. 

'!he maximum and minimum expected field strengths at 
any distance from the transmitter. 

'Ihe radiation resistance of antennas in the clear. 
'lhe radiation resistance of partially shielded 
antennas. 

Potentials existing in the trunk system. 
Potentials existing in the antenna system. 
Power supplied to the antenna system. 
Power lost in the antenna loading coil. 
The current flowing into the antenna system. 
The cUITent at the base of the radiating portion 
of the antenna. 

Information of this nature should be helpf'ul in estimating the results 
'Which will be obtained .from contemplated antenna systems as well as 
from existing transmitting installations. 

FJ.CTOHS RELEVANT TO PROP<~ED TRJ.NS:1.:ITTING DJSTALLATIONS 00 BJi.TTLESHIPS 
55 and 56. 

91. Many of the results obtained from the foregoing investiga­
tion are applicable to the problems ,1hich will be encountered in con­
ne ction l'n.th the proposed transmitt er and antenna system installations 
on Battleships 55 and 56. It will be noted that there is close agree­
ment betITeen the dimensions of one of the antenna systems used during 

OF ~ ri - ~I.-
'I ~ ~ 1\ ~ f ~ ~ ~ I~-
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the above tests and the antenna system proposed for use with Model 
TAQ t r ansmitters on Battleships 55 and 56. 

Transmitters: 
Length of trunk: 
Diameter of trunk: 
Diameter of inner trunk conductor: 
Capacity of trunk: 
Length of vertical antenna: 
Length of flat top : 
Antenna system capacity: Approx. 

Battleship 
Conditions 

TAQ-5 
65 ft. 
12 in. 
1/2 in. 
345 uuf 
68 ft. 
90 ft. 

same for both 

Test 
Conditions 

XTAQ-5 
66 ft. 
18 in. 
3/4 in. 
350 uuf 
65 ft. 
95 ft. 

conditions. 

92. 'Ihe battleship antenna referred to above is No. T- ? used in 
the battle condition; that is, with the after section removed. The 
addition of this after section will result in some increased efficiency, 
lower antenna system potentials and lower antenna loading coil losses. 
However, according to the opinion expressed in paragraph 4 of the 
Bureau of Ordnance 1st endorsement BB55&56/Sl-1(2/ll2)(Tll) of 
22 December 1938, it is likely that the transmitter would be required 
to operate without the assistance of the after section for long periods 
of time. 

93. As pointed out in the above discussion under VOLTAGE CON­
~-IDERATIONS, the Model XTAQ-5 transmitt.er was capable of withstanding 
potentials of approximately 36, 000 vol ts. Based on available inform.a.­
tion, the data indicate that a 12 inch trunk with a 1/2 inch inner 
conductor will be li.mi ted to a potential. of approximately 26,400 vol ts. 
Hence the contenplated trunk will be incapable of withstanding the 
voltages generated by the transmitter. Experimental evidence indicates 
that the trunk in question should be approJdmately 18 inches in diameter 
1'd. th a 3/ 4 inch inner conductor. It is realized that trunks of this 
dimension are objectionable from several viewpoints. Such trunks de­
tract from the armor and gas protection integrity of the vessel and 
occupy a large volume of valuabl e space. However, with the restricted 
antenna dimensions pennissible, high r-f voltages will be encountered 
which cannot be handled by small trunks. It is further noted that 
the plans of BattJ.eships 55 and 56 indicate that where trunks pass 
through armor, the diameter of the trunk is made smaller. This re­
stricted area will be the limiting factor as far as voltage breakdown 
is concerned. 'Ihus., if a 12 inch trunk is arbitrarily reduced to a 
9 inch diameter at annor locations, the voltage capability will be 
reduced from approximately 26,400 vol.ts to 25,000 volts. If any dis­
continuities in the form of sharp projections, etc., occur at this 
point, the voltage capabilities will be still further reduced. It 
appears likely that sane method of overcoming these difficulties is 
feasible. If the inner conductor is increased in diameter, sa;y to 
1 inch, at the a.rmor locations where a 9 inch outer diameter is used, 
the trunk would withstand a potential of approximately 34, 000 vol ts. 
'Ihe transition from one inner conductor diameter to another should be 
made gradually and smoothly to avoid sharp discontinuities. Further­
more , as pointed out in paragraph ?4 above, insufficient data are 
available at the present time to calculate exact voltages. Further 
investigation is needed along these lines. 
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94. As pointed out under PCl'lER CONSIDERATIONS, md particularly 
as summarized in paragraph 62 above., antennas possessing character­
istics similar to those of No. T-7 used under 11 battJ.e conditions, 11 

may possess a radiation efficiency at 1:he lower end of the frequency 
range of the order of one-half of one per cent (Radiated Power/Power 
Amplifier Tank Power x 100). At the same time the high potentials 
encountered prevent operaticn of the transni. tter at full power input 
and the power JID.1St be further reduced to prevent arcing in the trunk 
system. All these factors oooperate to reduce the radiated power and 
the consequent field strengths produced to vanishingly small magnitudes. 

95. For purposes of information and comparison, the following 
data are tabulated with respect to the cubical areas necessary for tra 
accommodation of a transmitting installation similar to a Model 
TA('-5: 

TAQ-5 transmi. tter unit, canplete: 
Antenna unit of TAQ-5 transmitter: 
Trunk., 65 ft. long., 12 inch OD: 
Trunk, 65 ft. long, 18 inch OD: 
Motor gener ator and starter: 

70 cu.ft. 
35 cu.ft. 
51 cu.rt. 

115 cu.ft. 
30 cu.ft. 

96. In the proposed plans for Battleships 55 and 56, antenna 
A-11 is intended for use with a Model. TAJ-7 transmitter which is 
rated at 500 watts in the frequency range 175 to 600 kilocycles. 
For a part of the distance the lead .from this antenna is carried 
in a section of submarine loop cable. The constants of this antenna 
were calculated and a dummy antenna simulating these constants was 
connected to a Model TAJ transmitter through a short section of' su'l:r­
marine loop cable. 'lhe transmitter was operated at 180 kilocycles. 
With the transmi. tter operating at 1/ 4 of full power antenna voltages 
in the neighborhood of 10.,000 volts were produced., '!his voltage was 
sufficient to cause corona on the surface of the submarine cable when 
a grounded metallic object was placed in contact with the cable. \Then 
the transmitter was operated at full power, corona would appear when 
the metallic object was brought to within one inch of the surface of 
the cable and arcs three or four inches in length would persist as 
the metallic object was gradually withdrawn from the vicinity of the 
submarine cable. Thus it is seen that an 'lll'lprotected cable of 1:his 
nature ,voul.d constitute a distinct hazard if located in areas where 
personnel could cane in contact with it. Additionally., practically 
all power would be dissipated if any foreign object were penni. tted 
to come in contact with the cable. 

SUMI.:ARY 

97. 'Ihe results of the investigation herein reported have sub­
stantiated to a large degree the validity of the theoretical and 
empirical work -which has been previously submitted in ref'erences (b), 
(c), (d)., (e), and (f). In addition to this corroborative data, certain 
additional data and infonnation have been derived from the tests which 
present a clearer and more detailed concept of the condi ti.ons sur­
rourrling the operation of intermediate frequency transmitting installa­
tions on board Naval. vessels. 
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98. If the physical and electrical properties of the antenna 
system are lrnown, then the following quanti tJ..es can be computed for 
any given transmitter at intermediate frequencies: 

(1) Field strength near the transmitter. 

( 2) The maxi.mu.TD. and minimum expected field strength 
at any distance from the transmitter. 

(3) Radiated power in watts. 

(4) RadiatJ..on resistance of antennas in the clear. 

( 5) Radiation resistance of partially shielded 
antennas. 

(6) Voltage at the antenna tenninal of the transmitter 
and in the antenna system, since these voltages are 
practically the same wider the conditions herein 
considered. 

(?) Power lost in the antenna loading coil. 

(8) Power supplied to the antenna system. 

(9) The antenna system current. 

(10) The current at the base of the radiating portion 
of the antenna. 

'Ihe methods for cal.culating the above quantities are discussed :in 
detail . 

99 . 'Ihe direct power loss in trunks is negligible., but the use 
of trunks increases the power l osses in other parts of the circuits, 
such as the antenna loading coil, to a serious degree and thus de­
creases the radiated power. 

100. The capacity of the trunk is more important than the length 
of the trunk in detennining the losses due to trunks; i . e., the radi­
ation efficiency decreases more rapidly with the capacity of the trunk 
than with the length of the trunk. 

101. Factors to be considered in the design and construction of 
trtmks are discussed. It is pointed out that certain additional em­
pirical. data must be accunrulated in order to clarify al.l aspects of 
this problem. 

102. When trunks are used, the radiated power increases as the 
cube of the antenna height. This fact is independent of frequency in 
the range under consideration (1 ?5 to 600 kilocycles). 

-33-



lOJ. The restricted dimensions of existing and contemplated 
shipboard antennas possess characteristics of such a nature that 
transmitters designed in accordance 1rith current specifications may 
exceed their safe maximum. potentiaJ. li.mi ts, if the transmitters are 
operated at full power. In some instances, safe operating potentials 
will be exceeded if the transmitter is operated at about 60% of full 
power. 

104. The radiation efficiency at frequencies below 300 kilocycles 
may be less than 1 per cent; that is, more than 99 per cent of the 
power amplifier tank power may be lost. 

105. '!he use of short antennas requires the use of larger trunks 
to withstand the increased r-f potentials. This may give rise to con­
di tiOns where the cubical area appropriated by the trunk may be twice 
the cubical area consumed by the transmitter itself. The large diameter 
of such trunks may seriously affect the integrity of the vessel. 

106. The r--f trunk and antenna potential is approximately inverse­
ly proportional to the frequency. At 350 kilocycles the trunk voltage 
is about half the voltage encountered at 175 kilocycles. 

10?. A general discussion on the methods of measuring antenna 
canst.ants is included. 'Ihe advantages and disadvantages of several 
methods are briefly enumerated, together -with the degree of accuracy 
which may be expected when using the various methods. 

108. Certain items, relevant to the proposed transmitting in­
stallations of Battleships 55 and 56 are discussed in some detail. 
Certain aspects of the installations which may require modification 
in order to avoid difficulties are pointed out. 

109. Sufficient data of a varied nature are submitted which will 
penni t conclusions to be drawn and comparisons to be made of the many 
factors which are inherent in the intermediate frequency transmitting 
systems encountered on board Naval vessels. 

llO. In general., the investigation reveals, and substantiates 
previous data of this nature, that the use of frequencies below JOO 
kilocycles is subject to such serious limitations with respect to 
voltage, power, and physical size of the equipment used., that extreme 
inefficiency of operation must be expected when employing short, 
partially shielded antennas and high capacity trunks. 
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MA TH.EMA TIC~AL 1J OTE 

'Ihe conductor power loss in trunks. 

If the trunk is not too long, the current shunted to ground 
per foot of trunk is approximately the same at all points along the 
trunk.· The cuITent at the transmitter end of the trunk is I and 
the current at the antenna end is Ii • The trunk is of length L. 
'Ihe cUITent Ix_ at any distance x from the transmitter end of the 
trunk is given by the equation. (See Fig. 1) 

X + I 

'Ille conductor power loss in the trunk is 

~ r dx 

where r is the resistance per foot of trunk. 

Substituting Equation (13) in Equation (14) one obtains 
af'ter integration. 

p = r
3
L (I2 I2) + I Il + 1 

The dielectric loss in a trunk insulator. 

The dielectric loss in an isolantite insulator at radio 
frequencies is directly proportional to the electric field and 
the frequency. If p is the dielectric loss in watts per cc 

(13) 

(14) 

(15) 

per 1,000 vol ts per centimeter; then the dielectric loss in watts 
in an isolanti te trunk insulator of area A and of length (R - r) 
is (see Fig. 2) 

dx (16) 

where E 
x loge R/r 

is the potential gradient at a radius x in 

kilovolts per centimeter and E is the potential across the trunk 
in kilovolts. 

Equation (16) can be integrated to give 

p = ,A p E 
loge R/r 
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Substituting in the limits of integration, one obtains 

P:: A p E 

where P is the power loss in watts in the insulator 

A is the area of the insulator in square centimeters. 

E is the r-m-s potential across the insulator 
in kilo vol ts. 

p is the dielectric loss in watts per cc per 
kilovolt per an. p is 1.5 x 10-.3 watts 
per cc per kilovolt per cm at 175 kilocycles. 

(18) 

'lhe effect o:f an unsymmetrical ground resistance upon the directivi~ 
of a vertical antenna. 

It is assumed that the antenna is of height h above a perfectly 
conducting ground. The cuttent at the base of the antenna is I • 
'.lhus the current I f'lows into the ground at the base of the antenna. 

From Maxwell's Equations one has 

- -_J_ .9..Q + 4)T_;J_ = curl H 
C ~ t C 

(19) 

Equation (19) can be transformed to the integral fonn 
to give 

-_1_~2 +_M_ J) dS 
C .:>t C Il 

(20) 

I 
s 

If one applies Stokes' Theorem to Equation (20), one obtains 

Hs ds = 47r 
C 

II i. 
s 4 rr 

d S 4 r, 
+ -

c 

·where S is the area and s is the perimeter of the surface 
(ground) shown in Fig. 3. 

The second integral on the right hand side of Equation (21) 
gives the antenna ground current I • Thus in the ground lead J 

(21) 

is equal to I • The first tenn on the right hand side of Equation 
( 21) gives the total displacement curtcmt between the area S and 
the antenna. 'lhe ground current that flov,s through the perimeter s 
of the area S plus the displacement current in the area S is 
equal to the antenna g:ro,md current. As the area S increases, the 
displacement current decreases and in the limit the displacement 
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current is equal to the antenna ground current. If I is the 
antenna ground current and I' is the displacement current in 
the area S (see Fig • .3), then the ground current at the perimeter 
of the area S is given by 

I"= I - I 1 (22) 

Substituting I and I' in Equation (21) one has 

/ Hs ds = 
s 

- 4 7T It + 4 7T I "' 4 7f I" 
C C C 

(23) 

Equation (2.3) gives a definite relationship between the ground 
current and the magnetic field just above the ground due to the 
antenna. Hs is at right angles to the radius vector and parallel 
to the surface of the earth. 

If the area S is a circle of radius r with its center at the 
base of the antenna, then 

l" = /7f i" (e, r) r de (24) 

0 

where i" ( , r) is the grourrl rurrent at a radius r per unit 
length of arc of the circle. 

For a circle of radius r 

/ Hs ds = /
2 

Tr H '( II , r) r d 11 
S 0 

From Equation (2.3), (24) , and (25) one obtains 

/

27i'H = 4c7T ITT (e, r) r d0 i 11 (e, r) r dQ 

0 0 

Since Equation (26) is valid for a circle of radius r or 
any area S , the integrands are equal 

H (r, e) = 4 7T i 11 ( e , r) 
C 

(25) 

(26) 

(27) 



Therefore, the magnetic field at .the surface of the ground 
is directly proportional to the ground cUITent. The magnitudes 
of the electric and magnetic fields are equal. 'lb.us the electric 
field is the greatest in the direction having the greatest ground 
current. 
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Table 1 

Definition of Symbols 
appearing in Tables 2 to 9 inclusive. 

A is the master oscillator band change switch on the XTAQ-5 
transmitter. 

B is the master oscillator tuning control. 
C is the intennediate power amplifier band change sw:i. tch. 
D is the intermediate power amplifier tuning control. 
E is the power amplifier band change switch. 
F is the power amplifier tuning control . 
G is the antenna coupling switch. 
H is the antenna tuning control. 
I is the antenna band change switch. 
PA Ip is the power amplifier plate voltage in volts. 
PA Ip is the power amplifier plate cuITent in milliamperes. 
IPA Ip is the intermediate power amplifier plate current 

in milliamperes. 
MO Ep is the master oscillator plate voltage in vol t.s. 
}.0 Ip is the master oscillator plate current in milliamperes. 
Eg is the bias vol tage m vol ts. 
R1,. is the resistance of the antenna system m ohms. 
Cp_ is the capacity of the antenna in micromicrofarads. 
Rr is the resistance of the anterma loading coil in ohms. 
lg is the transmitter antenna current m amperes as 

measured in the ground side of the antenna loading coil. 
I is the antenna system current in amperes. 
I1 is the measured antenna current in amperes when using 

the trunk. 
12 is the antenna current calculated by method I (no trunk). 
I
3 

is the antenna cuITen t calculated by method II (no trunk). 
r4 is the antenna current calculated by method III (no trunk). 
15 is the antenna current computed by Equation (12) when 

using the trunk. 
19 is the average calculated antenna current (no trunk). 

I 2R1 is the power lost in antenna loading coil in watts. 

I 2RA is the power supplied to the antenna system in watts. 

I 2 (RA + R1 ) is the computed PA tank power in watts. 

R1 is the radiation resistance of the antenna in the clear. 

R is the radiation resistance of a partially shielded antenna. 

~ R1 or Ii 8i is the radiated power in watts (neglecting 
shielding of the antenna). 

¾ R or Ii R is the radiated power in watts for a partially 
shielded antenna. 
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is the nns antenna system voltage when operating 
the XTAQ-5 transmitter at 62% of fu1.l power. 

E62 peak is the peak antenna system voltage when operating 
the XTAQ-5 transnri.tter at 62% of full power. 

E
100 

peak is the peak antenna system voltage when operating 
the XTAQ-5 transmitter at full power. 

Fd.Str.M is the measured field strength in millivolts per meter. 

Fd.Str. c1 is the computed field strength in millivolts per 
meter if the antenna were in the clear. 

Fd.Str, C is the computed field strength in millivolts per 
meter for the partially shielded antenna. 

• 
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Table 2 

Field Strength and Power Measurement Data 
on XTAQ-5 Transni tter 

operating at 62% of full power 

13 ft. lead- in, 65 ft. vertical, and 95 ft.flat top antenna system 

Line 
No. Freq.kc 250 ...1QQ._ 4P9 460 565 

1 Test No. l 2 3 4 5 
2 A- 3 4 5 6 7 
3 B 206 162 565 385 /485 
4 C 3 4 5 6 7 
5 D 21 17 56 38 43 
6 E 5 6 6 7 7 
7 F 47 24 56 32 67 
8 G 2 2 2 2 2 
9 H 55 68 35 37 34 

10 I 1 6 11 12 13 
ll PA~ 1750 1750 1750 1750 1750 
12 PA) 1600 1600 1600 1600 1600 
13 IPA 65 70 75 85 90 
14 MO ~p 740 735 735 740 735 
15 MO 1p 34 32 32 31 32 
16 Eb 110 110 112 111 112 
17 RA 1. 5 1. 65 1. 7 1.95 2. 6 
18 CA 442 446 459 470 494 
19 Ca 344 349 358 367 386 
20 RL 3. 27 2. 73 2. 25 2.12 1. 53 
21 lg 21. 6 24. 8 26. 8 27. 0 24. 0 
22 I 18. 5 21. 3 23. 0 23.l 20. 6 
24 12 14. 4 16. 6 17.9 18. 0 16.1 
25 I3 14. 8 14. 5 15. 6 15. 7 14. 7 
26 I4 12. 2 13. 8 15. 0 15.4 15. l 
28 ~ R1 

13.8 15. 0 16. 2 16.3 15. 3 
29 1120 1240 ll90 1130 650 
JO J2 RA 510 750 900 1040 1100 
31 I2 (RA+ R1) 1630 1990 2090 2170 1750 
32 R1 . 28 . 40 . 71 .94 1.1;2 
33 R . ll .16 . 28 .37 . 56 
34 Iij R1 53 90 186 250 330 

35 ~R 21 36 73 98 130 

36 E62 rrns 26600 25300 19900 17000 ll700 

37 E62 peak 37500 35700 28100 24000 16500 

38 Eioo peak 47600 45300 35600 30400 20900 

39 Fd.Str.M 77 105 150 175 200 
40 Fd,.Str. G1 137 180 257 300 340 
41 Fd.Str. c 87 ll3 160 187 215 



Table 3 

Field Strength and Power Measurement Data 
on XTAQ--5 Transmitter 

operating at 62% of full power 

. . 
13 ft. lead-in, 66 ft. trunk, 65 ft. vertical, and 95 ft. flat top 

antenna system. 

Ll.ne 
~ Freq.kc 200 ~ _..J.QQ_ 400 460 565 

1 Test No. 6 7 8 9 10 11 
2 A* 1 3 4 5 6 7 
3 B 700 206 162 565 385 485 
4 C 1 3 4 5 6 7 
5 D 71 21 17 56 39 43 
6 E 3 5 6 6 7 7 
7 F 49 31 13 64 25 63 
8 G 2 2 2 2 2 2 
9 H 35 40 54 59 41 28 

10 I 3 8 10 12 13 14 

11 PA E'p 1750 1750 1750 1750 1750 1750 
12 PA\ 1600 1600 1600 1600 1600 1600 
13 IPA 54 58 70 80 85 56 
14 MO~ 750 750 750 750 7'>) 750 
15 MO 36 36 34 32 32 32 

16 Eg 115 112 112 115 ll5 lll 
17 RA o.8 o.65 0.9 0.9 1.1 1. 4 
18 CA 775 785 796 830 856 920 
19 Ca 342 344 349 358 367 386 
20 R1 2.25 1.69 1.44 1.30 1. 00 . 89 

2l Ig 30. 2 31.8 31. 5 32. 8 28.8 32.1 
22 I 25. 9 27.3 27.0 28.2 24.7 27. 5 
23 I1 11,.9 11.1 11.0 11.0 10.2 12. 2 
27 I5 11.5 12. 0 ll. 8 12.1 10. 6 ll. 6 

29 I2RL 1510 1260 10'>) 1030 610 670 
30 I2RA 540 490 660 720 670 1060 
31 I2(RA + R1) 2050 1750 1710 1750 1280 1730 
32 R1 0,18 0.28 0.40 0.71 0.94 1.-42 
33 R 0.07 o.n 0.16 0.28 0.37 0.56 
34 If R1 2 25 34 48 86 98 2ll 
35 I1 R 9. 8 13. 4 19 34 39 83 

36 E62 rms 26600 22100 18000 13500 10000 8400 
37 E62 peak 37500 31200 25400 19000 14100 11800 
38 ~:>g peak 47(:l)O 39600 32200 24100 17900 1$000 
39 F • tr. M 55 70 84 11-0 D.6 162 
40 Fd. Str. cl 94 110 131 175 187 274 
4l Fd.Str. C 60 69 83 110 118 172 

*See Table 1 for definition of sym.bols':l [=-G: 
~ 

b ~SP=-1 .,.. fl 



Table 4 

Field Strength and Power Measurement Data 
on XTAQ-5 Transmitter 

operating at 62% of full power 

13 ft. lead-in, 95 ft. vertical, and 95 ft. flat top antenna system. 

Line 
_llila, Freq. kc. ...229_ JOO 400 460 _jb_i,_ 

1 Test No. 12 13 14 15 16 
2 A* J 4 5 6 7 
3 B 206 162 565 385 485 
4 C 3 4 5 6 7 
5 D 21 17 56 38 43 
6 E 5 6 6 7 7 
7 F 47 24 68 90 68 
8 G 2 2 2 2 2 
9 H 56 84 57 54 47 

10 I 3 7 11 12 13 

11 PA~ 1750 1750 1750 1750 1750 
12 PA I 1600 1600 1600 1600 1600 
13 IPA plj, 68 75 83 90 94 
14 MO~ 750 750 740 735 735 
15 MO 35 34 32 32 32 
16 Eg ll4 114 ll3 ll2 ll2 

17 RA 1.65 l.85 2. 00 2.30 3.65 
18 CA 505 511 533 553 593 
19 Ca 4Cf7 413 429 445 475 
20 R1 2.84 2.33 1.92 1.84 1.52 

21 I8 23.2 .24.7 25.0 24.6 20.1 
22 I 19.9 21.2 21.4 21.1 17.2 
24 I2 16.0 17.1 17.2 16.9 13.8 
25 ?. 15,3 16.2 15.3 14.7 12.2 
26 16.3 18.2 15.5 J.4.3 ll. 4 
28 14 15.9 17.2 16.0 15.3 12.5 9 

29 t' Rt 1130 1050 880 830 390 
30 I 2 RA 650 830 920 1040 l.080 
31 r2 (RA+ R1) 1780 1880 1800 1870 1470 
32 ~ 0.51 0.73 1.30 1.71 2.60 
33 0.28 O.LI) 0.72 0.95 1.44 
34 2 88 216 330 400 /405 

19Ri~R 35 48 l.18 184 222 225 

36 E62 rms 25100 22000 16000 13200 8200 
37 E62 peak 35400 31000 22600 18600 ll600 
38 ~<] peak 44900 39300 28700 23600 14700 
39 • tr. M 135 175 20? 230 225 
40 Fd.Str. 2- 177 277 344 378 380 
41 Fd.Str. 131 205 255 280 283 

*See Table 1 for definition of s~£1C t /l. C ~ If-] .... II_..,> I - ~--
• .. \_,._ I 

~, 
~ __. 



Table 5 

Field Strength and Power :Measurement Data 
on XTAQ-5 Transmitter 

operating on 62% of full power 

13 ft. lead-in, 66 ft. trunk, 95 .ft. vertical and 96 ft. nat top 
antenna system. 

Line 
...1i9.a. Freq. kc. 182 -2.QQ_ 250 ...1QQ_ ....4QQ_ 460 565 

1 Test No. 17 18 19 20 21 22 23 
2 A * l l 3 4 5 6 7 
3 B 350 700 206 162 585 385 485 
4 C l l 3 4 5 6 7 
5 D 44 71 21 17 56 38 43 
6 E 2 3 5 6 6 7 7 
7 F 54 51 36 16 64 23 67 
8 G 2 2 2 2 2 2 2 
9 H 9 64 57 67 66 48 36 

10 I 1 3 8 10 12 13 14 

ll PAE 1750 1750 1750 1750 1750 1750 1750 
12 PA rE 1600 1600 1600 1600 1600 1600 1600 
13 IPA 1p 60 55 65 72 82 80 80 
14 MO !P 740 740 745 745 745 749 730 
15 MO Ii, 36 34 34 33 32 32 32 
16 Eg ll3 ll2 114 113 ll3 113 ll2 

17 RA o.so 0.95 a.so 0.95 1. 00 1.25 2.35 
18 CA 840 843 855 877 925 970 1064 
19 Ca 395 396 407 413 429 445 475 
20 R1 2.39 2.13 1.55 1.37 1.22 0. 94 o.82 
21 Ig 28.0 29. 9 30. 2 30.3 30.0 30. 6 30.8 
22 I 24.0 25.6 25. 9 26.0 25.7 26.2 26.4 
23 I1 12. 0 12.s 12. ? 12.5 12.0 13.1 ]3..2 
27 I5 ll.3 12.0 12.3 12.3 ll.9 12.0 11.s 

29 I2 R1 1380 1400 1040 930 810 640 450 
30 I2 Rt 460 620 540 640 660 860 1640 
31 r 2 RA + R1) 1840 2020 1580 1570 1470 1500 2090 
.32 R1 0.2? 0.32 0.51 o. 73 1 • .30 1.71 2.60 
33 R2 0.15 0.18 0.28 0.40 0. 72 0.95 1.44 
34 I1 Rl 39 52 82 114 187 290 450 
35 :q R 22 29 46 64 105 163 250 

36 E62 nns 25000 24200 19300 15700 11100 9300 7000 
37 E62 peak 35200 34100 27200 22100 15600 13100 9900 
38 ~o~ peak 44600 43200 .34500 28000 19800 16600 12600 
39 F • tr. M 70 81 105 120 160 210 260 
40 Fd.Str. Cl 118 136 171 200 260 320 400 
41 Fd.Str. C 89 101 128 150 190 240 300 

* See Table 1 for definition of symbols.i )f C 
- • .JI\ 

Ar·~~ 1~-~ 
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Table 6 

Field Strength and Power Measurement Data 
on XTAQ-5 Transmitter 

operating at 62% of full power 

13 ft. lead- in, 125 ft. vertical and 95 ft. fl.at top antenna system. 

Line 
~ Freq, kc ~ 300 400 1/40 565 

1 Test No. 24 25 26 2? 28 
2 A ·!:- 3 4 5 6 ? 
3 B 206 162 565 385 485 
4 C 3 4 5 6 ? 
5 D 21 l? 56 38 43 
6 E 5 6 6 ? ? 
? F 46 24 66 31 69 
8 G 2 2 2 2 2 
9 H ?5 63 20 66 58 

10 I 4 8 12 12 13 

ll PA :'P 1?50 1750 1750 1750 1?50 
12 PA I 1600 1600 1600 1600 1600 
13 IPA p\, 6? 70 ?5 85 90 
14 MO i ?/40 730 750 ?40 ?45 
15 MO p 34 33 32 32 32 
16 Eg ll2 113 114 114 114 

l? RA 1.65 1.95 2. 25 2. 40 4. 20 
18 CA 5?4 582 613 646 ?12 
19 Ca 4?6 48? 514 543 593 
20 R1 2.53 2,04 1 . 76 1.64 1.17 

21 lg 24-1 24.2 26.4 25.1 21.0 
22 I 20. ? 20.8 22. 6 21. 5 28.0 
24 12 17. 2 17.4 18. 9 18. 0 15.0 
25 13 16. 4 16.6 16. 0 14.8 11.9 
26 14 l?.5 18.3 17. 3 15.5 13.? 
28 1<j 17. 0 17.4 17. 4 16.1 13.5 

29 r2 R 1090 830 900 760 380 
30 r 2 R~ 700 840 1150 lllO 1360 
31 r2 {RA+ R1 ) 1790 1730 2050 1870 1740 
32 R1 o.78 1.12 2.00 2.60 4.00 
33 R 0. 48 0.70 1. 24 1.64 2. 50 
34 I~ R1 225 340 f:tJ6 673 728 
35 I 2R 139 212 J7o 425 455 

9 

36 E62 rms 23000 19000 14700 11500 7100 
37 %2 peak 32400 26800 20700 16200 10000 
38 EAoo peak 41100 34000 26200 20500 12700 
39 F . Str. M 175 205 260 280 290 
40 Fd. Str. s_ 283 347 464 490 510 
41 Fd. Str. C 223 275 366 390 400 

➔~ See Table 1 for definition Of symbol,'1. f.: C, I. (""' 0
"' ' ~ - , r i ,, k~ .... t ,""-~ ~ ' I -:-.. 
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Table 7 

Field Strength and Power Measurement Data 
on XTAQ-5 Transmitter 

operating at 62% of Ml power 

13 ft. lead- in,. 66 ft . trunk, 125 ft •. vertical and 95 ft. flat top 
antenna system. 

Line 
-1i<2.t. Freq.kc 176 2Q.Q_ 250 300 _J£;Q_ 460 565 

1 Test No. 29 30 31 32 33 34 35 
2 A * 1 1 3 4 5 6 7 
3 B 206 700 206 162 565 385 485 
4 C 1 1 3 4 5 6 7 
5 D 34 71 21 17 56 38 43 
6 E 2 3 5 6 6 7 7 
7 F 65 53 lj) 12 65 25 64 
8 G 2 2 2 2 2 2 2 
9 H 0 65 38 37 78 55 45 

10 I 1 4 9 11 12 13 14 

11 
PA~ 1750 1750 1.750 1750 1750 1750 1750 

12 PA 1600 1600 1600 1600 1600 1600 1600 
13 IPA Ip 54 52 54 72 80 82 95 
14 MO? 750 750 750 750 745 745 74D 
15 MO 38 36 36 34 32 32 32 
16 Eg p ll4 114 114 114 114 114 ll3 

17 RA 0.80 1.05 o.85 1.10 1.30 l.65 3.10 
18 CA 908 913 931 955 1023 1084 1237 
19 Ca 463 469 476 487 514 543 593 
20 R1 2. 39 1.98 ·1..43 1 . 23 1.14 o.86 o.?l 

21 I8 25. 5 29. 0 32.l 32.0 30. 0 29.0 27. 5 
22 I 21.9 24. 9 27. 5 27.4 25.7 24.9 23.6 
23 Il 12.2 13. 7 i4. 5 14.3 · 13. 6 13.8 13.4 
27 I5 11.2 12.8 14.l . 14.0 . 12.9 12.5 11.3 

29 r2 R1 ll50 1230 1080 920 710 530 400 
30 I2 RA 380 650 640 830 760 ." 1030 1720 
31 I 2 (RA+ RL) 1530 1880 1720 1750 14?0 1560 2120 
32 R1 0.39 0.50 o.78 1.12 2. 00 2. 60 4. 0 
33 R 0.24 O.jl 0.48 O. ?O 1.24 1.64 2.5 
34 r211. 58 94 164 230 370 495 720 
35 1 12 R 36 58 1.02 143 230 307 44b 1 

36 E62 rms 22100 21700 18800 15200 10000 8000 5400 
37 E62 peak 31200 30600 26500 21400 14100 ll300 7600 
38 ~ 00 peak 39600 38800 33600 27100 17900 14.,00 9600 
39 • Str. M 84 106 l45 160 205 250 285 
40 Fd. str. c1 144 183 2/4[) 285 360 420 506 
41 Fd. Str. C 113 144 190 224 285 330 JI)() 

* See Table 1 for definition of symbols. 

·J~C ~ ._,. Ji. 
, ... C: , .... p ~, . [' 
n~,•~• ~ - 1~ • 



Table 8 

Field Strength and Power Measurement Data 
on XTAQ-5 Transmitter 

operating at full power 

13 ft. lead- in, 125 ft. vertical and 95' fl.at top antenna system. 

Line 
.l!2.t. Freq, kc ~ ...1QQ... 400 460 56~ 

l Test No. 36 37 38 39 40 
2 A ~- 3 4 5 6 7 
3 B 206 162 565 384 485 
4 C 3 4 5 6 7 
5 D 21 17 56 38 43 
6 E 5 6 6 7 7 
7 F 43 22 67 30 68 
8 G 2 2 2 2 2 
9 H 89 69 80 67 60 

10 I 4 8 11 12 13 

11 PA~ 2250 2250 2250 2250 2250 
12 PA 2000 2000 2000 2000 2000 
13 IPA 1p 90 100 105 llO 95 
14 MO~ 750 750 750 750 750 
15 MO I 34 34 34 34 32 
16 E p ll5 115 ll5 115 115 g 

17 RA 1.73 2. 05 2.25 2. 50 5.30 
18 CA 574 587 618 646 ?12 
19 Ca 476 1$7 514 543 593 
20 RL 2. 40 2. 20 1.72 1.55 1.13 

21 Is 30. 0 32. 8 34. 4 32. 0 25.1 
22 I 25. ? 28.1 29. 5 27.4 21. 5 

29 I2
Rr, 1590 1740 1500 1160 520 

30 I2RA 1140 1620 1850 1880 2450 
31 r2 (RA+ R1) 2730 3360 3350 3040 29?0 

38 Eioo peak 40300 35SOO 26800 20?00 12000 

{~ See Table l for definition of symbols. 



Table 9 

Power Measurement Data on XTAQ-5 Transmi. tter 
operating at full power. 

13 ft. lead- in, 66 ft. trunk, 125 rt. vertical and 95 ft. .flat top 
antenna system. 

Line 
~ Freq, kc, 1?6 200 250 300 

1 Test No. 41 42. 43 44 
2 A * 1 1 3 4 
3 B 206 700 206 162 
4 C 1 1 3 4 
5 D 34 ?2 23 l? 
6 E 2 3 5 6 
? F 53 56 54 34 
8 G 2 2 1 1 
9 H 18 67 42. 40 

10 1 1 4 9 ll 

ll PA~ 2250 2250 2250 2250 
12 PA 1p 2000 2000 2000 2000 
13 IPA Ip 60 60 ?O 100 
14 MO~ ?50 ?50 ?50 ?50 
15 MO 38 38 32 32 
16 Eg ll5 ll5 115 115 

l? 
~ 

1.15 1.15 1.00 1.10 
18 903 904 930 942 
20 Rt 2.16 1.83 1.41 1.33 

21 i8 31. 0 31.5 35.3 40.2 
22 26. 6 2?. 0 30.3 34.5 
23 I1 14.3# 14./JI 16. 2# 17. 2 

29 12 ~ 1530 1340 1300 1580 
JO 12 RA 810 840 920 1310 
31 12 (RA + R1) 2340 2180 2220 2890 

~:-See Table l for definition of symbols. 

kVisual corona in trunk. 
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