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LUTHORIZATION

1. The general problem of investigating transmitting antemna
systems, particularly as applied to Naval shipboard installations,
was originally authorized by reference (a). Subsequent correspondence
and conferences indicated the need for certain additional information
relative to specific features of the installations,

2. The results of previous investigations and calculations have
been submitted in references (b), (c), (d), (e), and (£). Heference
(g) is an engineering test report covering the Model TAQ-5 transmitter,
Data appearing in this latter report were used in comnection with the
preparation and conduct of the experimentzl work herein reported,

Reference: (a) BuBng let.C-BB55-6/567(10-7-W2) of 9 Oct.1937.
(b) NRL Report No. R-1331 dated 14 December 1936,
"Concentrated Capacity and Inductance as
Substitute for Horizontal Antennas on

Board Ship,"

(c) NRL 1et,C-867/66 of 8 March 1938 to Bufng.
Subject: Radio - Antenna and Antenna Lead-in
System for Battleships 55 and 56."

(d) NRL Report No. R=1446 of 9 June 1938,

"A Mathematical Analysis of the Radiation
Characteristics of Partially Shielded
Antemaaon

(e) NRL Report No, R-1448 of 13 June 1938,

"A Study of the Radiation Characteristics
of Shipboard Antenna Systems,"

(f) NRL 1et.C-S67/66 of 7 October 1938 to BuEng,
Subject: Radio - Antenna and Transmission
Line System for Battleships 55 and 56 -
Transmitting Equipment,"

(g) NRL Report No, R-1553 of 14 August 1939,
"Test of Model XTAQ-5 Radio Transmitting

Equipment,"
INTRODUCTORY

3. Since the tentative design of the transmitting antenna instale
lation for Battleships 55 and 56 is virtually campleted, sufficient
data have become available to permit 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: 90 feet long (two strands tied together at one
end and diverging to 6 ft. spacing at far end).

Vertical element: 68 f% Yong (slanting)

Trunk: 65 ft long, 12 in, 0D, 1/2 in, ID.

Since the TAQ-5 transmitter is the highest power transmitter in the
intermediate frequency range carried by the wvessels in question, and
hence would generate the highest r—f potentials, a transmitter of
this type was used in comnection with the experimental work which is
reported below,
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4» In order to illustrate the effect of antenna height, three
different vertical dimensions were employed during the experimental
mrk.

(a) An antenna with a 65 ft. vertical element and a 95 ft.
flat top, connected in the form of an inverted "L,"

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

(¢) An antenna with a 125 ft. vertical element and a 95 ft.
flat top, connected in the form of an inverted "L,"

Each antenna was used in connection with a trunk 66 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 Battleships 55 and 56 for
use with the TAQ-5 transmitter.

5« At the outset of the experimental work, attempts were made
to use a trunk of 12 inch outer diameter and a 3/8 inch inner conductor.
This trunk was 68 feet in length. When this trunk was used, voltage
breakdowns occurred long before full power output was obtained from
the TAQ-5 transmitter. Therefore, an 18 inch diameter trunk with a
3/4 inch inner conductor was constructed. The stand-off insulators
which supported the inner conductor were equipped with corona shields
after it was discovered that the lack of such shields caused the ine
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 3/4 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 will be close enough to pemit 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 constants, the power and voltage considerations en-
countered and the methods of making field strength detemminations.
These factors are discussed in detail in the following sections of
this report.

LEALSUREMENT OF ANTENNA CONSTANTS

8. The measurement of antemna constants for frequencies of
600 kilocycles or less can be made by a number of standard methods,
The more common ones are:
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( ..) 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 tenk circuit loosely
coupled to a high power oscillator,

9. The r-f bridge used in connection with these measurements
was 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 capacitence
is determined by the reading of the condenser which is incorporated in
the bridges 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, The radio frequency bridge can be used to best advantage as
an indicating instrument in the substitution method. This 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 2 variable condenser in series with a vari-
able resistor is connected in its place, The variable condenser and
variable resistor are adjusted until the bridge is balanceds When 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 determined 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 222 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" temminals on the r—f bridge.
When a measurement has been obtained, the voltage drop across the un—
known antenna terminals and the substituted @#pacitance and resistance
must 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 remein 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 2
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 obtain
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 antemna
and local static does not interfere to as great an extent as
without the trunk: The trunk increases the capacity of the
antenna system and thus decreases the capacity reactance. 4s
the capacity reactance decreases, the percentage accuracy of
balance for the capacity reactance also decreases, thus per-
mitting greater accuracy in the resistance measurementse

(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 terminals of the ¢ 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 recordeds
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 calculated,

(b) When the substitution method is used, the coil is con-
nected to the coil terminals of the Q meter and the
antenna is connected to the high side of the capacity
terminals, The Q meter is adjusted to the desired
frequency. 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 value of Q as
for the antenna, The 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 somewhat

i)
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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, The 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 resistors
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 correspond 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 Q'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 manner
outlined above, except that the antemna constants have to be calcu-
lated,

14. The accuracy of Q meter measurements is restricted by the
accuracy to which the velue 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 commection 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 between 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 low 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
exists

17, Accuracy of measurements, The relatiwve accuracy of the dif-
ferent methods of making antenna measurements is given below. It is
agssumed that static or other interference is at a moderate level,

(a) R-F bridge (direct method)

Capacitance: 1 2 micromicrofarads i i
Resistance: + 0,2 ohm DECL ASKIEN-D

(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 largely dependent
upon the values of the antenna constants.

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

(e) Method based upon tuned tank circuits coupled
to high power oscillatorse
The 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—
ments to as great an extent.

18, The advantages and disadvantages of the various methods of
measurement are tabulated,briefly, below:

(a) R~F bridge (direct method)

A.dﬂ'b_ages 2

(1) Accurate measurements even near the quarter
wave resonance of the antemna,

(2) The effect of static can be generally made
small by using a2 receiver with a tuned audio
amplifier as the detector.

(3) Rapid measurements can be made,

Disadvantages:

(1) Requires that the power factor be balanced
for each frequency at which measurements
are made,

(2) Requires that measurements be made between
antenna and ground, since the measuring
equipment is grounded,

(3) High static levels cause difficulties in
making resistance measurements.

(4) If the antenna acity varies slightly
(eege due to wind),it is difficult to make
resistance measurements.

(5) The equipment is rather large and bulky
and not easily portable,

(6) The difficulty in making accurate resistance
measurements increases as the reactance of
the antenna increases.

(b) R~F bridge (substitution method)

Advantages:

The advantages of this method are identical with
those listed under R—F bridge (direct method)
except that a higher degree of accuracy is ob-
tainable. (See paragraphs 17(a) and 17(b).)
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Disadvantages:

The disadvantages are the same as those listed
under R~F bridge (direct method) except that in
the substitution method it is umnecessary to make
a power factor balance,.

(¢) Q meter method

(1) The equipment is light and compacts

(2) Measurements are readily accomplished,

(3) Small variations in antenna capacitance
do not interfere greatly with the measure-
ments.

Disadvantages:

(1) The accuracy of measurement is lower than
with the bridge method, especially for low
and high resistance antennas,

(2) Static decreases the accuracy of the measure—
ments,

(3) The 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 circuite

Adventages:

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

(2) Small variations in antenna capacitance do
not interfere greatly with the measurements,

Disadvantages:

(1) The ease of operation is less than the r-f
bridge or Q meter methods,.

(2) Static interferes with measurements.

(3) Accuracy is not of a high order, especially
for low and high resistance antennas.-

(4) In general, bulky apparatus is required,
(e) High power oscillator loosely coupled to a tank circuite

Advantages:

| AQQICI-
(1) The errors due to static can be reduced QE‘CL AS:‘A- l‘{,‘D

removed by making the signal many times
greater than the static level,

wisamaBig -



(2) The tank circuit need not be grounded,
(3) Small variations in antenna capacitance
do not interfere greatly with the

measurements,

Disadvantages:

(1) The equipment is generally bulky and
only semi-portable,

(2) Not easy to operate.

(3) Accuracy is not of a high order,
especially for low and high resistance
antennas,

19, During the 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.

POWER_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 with a view of obtaining a better understanding of the
various factors involved in the operation of restricted intermediate
frequency antenna systems similar to those employed on Naval vessels.
In general, field strengths, 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 time obtain additional information on trunks and specific
transmitters, a comprehensive investigation was undertaken.

21. A number of different antenna systems were used in order 1o
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 ard the safe operating potentials which 2
Model TAQ-5 transmitter could withstand,

22, In the following paragraphs of this report the terms
"antenna system" and "antenna" are defined as follows:

(a) "Antenna System" includes the lead from the antenna
terminal of the transmitter to the trunk, the trunk
(when 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., wvertical
radiator and flat top loading,
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23. The terms "Antenna System Current" and "Antemna Current®
are defined as follows:

(a) "Antenna System Current" - The r—f current as
measured at the antenna terminal of the trans-—
mitter,

(b) "Antemna Current" — The r-f current as measured
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 flat top increases the antemna
capacitance, which is a very desirable condition as will 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) 13 ft. lead-inj 65 ft. verticaly 95 ft. flat top.

(b) 13 ft. lead—inj 95 ft. verticals 95 ft. flat top.

(¢) 13 ft. lead=in; 125 ft. vertical; 95 ft, flat top.

(d) 13 ft, lead-in; 66 ft, trunk; 65 ft. vertical; 95 ft flat top.
(e) 13 ft. lead-ini 66 ft. trunk; 95 ft. vertical; 95 fit, flat top.
(£f) 13 ft, lead—in; 66 ft, trunksy 125 ft. verticaly 95 ft. flat tope

The minimum frequency at which each of the above antenna systems could
be resonated by the XTAQ-5 trensmitter was determined. These data are
tabulated below:

Antermma Minimum
System Freguency kc

244
232
222
190
182
176

ownh~WO e

26, The location at which these experiments were performed is
illustrated in Plate 46 and a photographic view of the transmitting
location is shown in Plate 48, The trunk used in the experiments was
66 feet long and was constructed of 26 gauge galvanized iron, 18 inches
in diameter. The inner conductor consisted of a 3/4 inch diameter
copper tube, General views of the trunk installation are shown in
Plates 48 and 49. The small circular openings along the trunk were
provided to permit visual observation of the interior in order to de—
termine whether visual corona or arcing existed and to permit cleaning
of the insulators, The inner conductor was supported by means of
isolantite 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 form of corona
shields, Precautions were observed to provide smooth surfaces, free
from burrs and filings and all edges were rounded, Plate 53 illustrates
the form of construction used. The antenna conductors consisted of
5/16" diameter bronze cable and special fittings were devised so that
the length of the vertical element 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 anterma from the messenger cable and 18 inch isolantite
insulators wege used between the antenna conductor and the suspension
lines, The base of the antenna terminated 8 feet abowve the ground ap-
proximately 2 feet distant from the building which housed the trans—
mitter, (See Plates 48 and 49.) The base of the antenna could be con-
nected either to the trunk or by means of the 13 foot lead-in, to the
antenna terminal of the TAQ-5 transmitter. This lead-in terminated at
the wall of the building in a large pyrex entrance insulator provided
with corona shields, When the trunk was used, the 13 foot lead-in was
brought out of an open window and connected to the input terminal of
the trunk. The lower 22 feet of the vertical section of the antenna
was shielded by the transmitter building, which is a reinforced con-
crete structure, A large quantity of heavy copper strips, securely
bonded together, are imbedded in the walls and under the footings of
the transmitter building, The average spacing of the antenna from the
building was about 4 feet, The block diagram shown in FPlate 47 il-
lustrates further the arrangement of the equipment used,

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

(a) Determine the woltage breakdown of the trunk system,

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

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

(d) Determine the distribution of the r—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 connection with
a certain antemna, The power amplifier plate current and the plate
voltage were set at definite values and these values were maintained
the same when working into the various antenna systems, The settings
of the various tuning controls on the transmitter were recorded and

the transmitter antenna current and the current at the base of the
antenna were noted and recorded when possible, Field 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 antemma systems,

28, The resistance and capacitance of the antenna systems were
measured by means of the radio frequency bridge used in the substitu-
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, The 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 minimm, The . resistance and capacitance
of the six different antemna systems, as a function of frequency, are
plotted in the curves shown in Plates 1, 2, 3, 5, 6, and 7, The antenna
systems may be divided into two classes, one when the 66 foot trunk
is used and the other when the trunk is not used. In either case a
13 foot lead connects the antenna terminal of the transmitter to
either the trunk or to the base of the vertical element of the antenna,

29, For the three antenna systems where no trunk is employed,
the antenna resistance increases with frequency, starting at a value
of about 1,7 ohms at 250 kilocycles, See Plates 1, 2, and 3, 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 antemna systems
where the 66 foot trunk is used, an antenna resistance of about 0.9
ohm is obtained at 200 kilocycles 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.

30. The radiation resistance of the three different height
antennas, without trunk, is shown in Plates 1, 2, and 3 as a function
of frequemey. The radiation resistance is calculated at the base of
the vertical element and the partial shielding of the antennas by the
transmitter 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 with antenna height is shown clearly in
Plate 9. This increase in radiation resistance, both with frequency
and antenna 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, The radiation efficiency of the antenna is:

Radiation resistance x 100 g
Antenna resistance

This gives the percentage of the power into the antenna that is actually
radiated, From the curves in Plates 1, 2, and 3 it is evident that

the antenna efficiency increases rapidly with both antenna height and
freguency. The antenna efficiency for a number of frequencies is tabu-
lated below:
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Antenna Frequency Radiation Efficiency
System () -

1 250 7%

1 400 16

) | 565 2

2 250 17

2 400 36

2 565 39

3 250 29

3 400 55

3 565 60

(#) See paragraph 25 above for description of antenna systems

referred to.

31. The 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 physical 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, The following procedure was followed in determining the re-~
sistance of the anterna loading coil., After all the field strength
measurements were completed, the coupling lead between the anternna
loading coil and the power amplifier circuit was discomnected, The
antenna terminal of the transmitter and the r—f ground end of the
antenna loading coil were then c¢onnected to the coil terminals 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 r~f resistance of the antenna loading coil was computed., Thus,
from a series of Q meter measurements, the antenna loading coil re-
sistance was calculated for all the antenna systems and for 211 the
frequencies used during the tests. The loading coil resistance is
plotted as a function of the frequency for the six antenna systems in
Plates 1, 2, 3, 5, 6, and 7 ag curve No. 3, The antenna loading coil
resistance decreases as the frequency increases, The 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, The 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 antenpa terminal of the transmitter and is called the antemna
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system current, Thus, 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:

RAx:LOO
Ry + By

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

(1)

RLxIOO

TR 5

Where R, is the resistance of the anterna system and Ry, is
the resistance of the antenna loading coil,

35, Thus to limit the power loss in the antemna loading coil
the anternna loading coil resistance must be low compared to the
anterna system resistance. When the two resistances are equal,.
one-half of the power amplifier tank power is dissipated in the
anterma 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 during the
investigation,

Frequency at which antenna

Antenna system power equals antenna See
System * loading coil power loss Plate
1 470 kilocycles 7 &

2 380 2
3 330 3
4 450 5
5 420 6
6 340 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 Percentage of P.A, tank power lost in
System antenna losding coil at 250 kc
1 69%
2 63%
3 61%
4 72%
5 66%
6 63%
# See paragraph 25 zbove. —12-~




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 7). Thus, if the resistance of the antenna system and the
resistance of the antenna loading coil are known, considerable in-
formation 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,
There 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.
The 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 function 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 antemna height. Curves No, 4, 5,
and 6 in Plate B show that the capacity per foot of antenna is 2,1
micromicrofarads, This, of course, refers to the low frequencies where
the static capacity is about equal to the r—f capacity., Thus 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 5416 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

R (3)
The power supplied to the antenna system is

b Y (4)
The power delivered by the power amplifier tank is equal to the sum
of the power lost im the antenna loading coil and the power supplied
to the antenna system, and is
where P is the power amplifier tank power and I is the antenna
system current, Ry is the resistanee of the antenna loading coil
and Ry is the resistance of the antenna system,

4l. The power amplifier tank power P is greater than the

nominal 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 mey 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 three of the quantities in Equation (5) are
known, then the fourth can be computed., For example, if P, Rj and
Ry are known, then the antenna system current can be calculateds

42y In Plates 10 to 15 inclusive, the power lost in the antenna
loading coil and the anterna system power are given as a function of
the frequency for the six different antenna systems. The 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 terminal of the trans—
mi tter was not measured directly because no commercial 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 antemma 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 transmitter antemna r—f
ammeter,

43. The 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 causes:

(2) The 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 of this nature would have
but small influence upon practical communica=-
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,

The 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) For a given anterna system and transmitter, the
frequency at which the power lost in the antenna
loading coil eqguals the antenna system power,
decreases as the antenna height increases,

(b) For the same antenna, the power supplied to the
antenna system is less when the trunk is used;
i.es, 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 antennz the more power that is
supplied to the antenna systems

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

(e) The power supplied to the antemna 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 systems The power amplifier tank
power is given in line 31 of Tables 2, 3, 4, 5, 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. The average deviation from 1770 watbs is less
than 10%, The power amplifier tank power as computed from the ac—
ceptance test data of reference (g) for full power operation is 3100
watts. The input power to the power amplifier tank under full power
condi tions, 2250 and 2 amperes, is 4500 watts. The power
amplifier t 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 antemnas were used and the resistance of these
dummy antennas was generally several times the resistance of the load-
ing coil; hence the losses in the loading coil did not reach excessive
values, The 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, The conversion efficiency of the power amplifier, as deter-
mined from the acceptance test data, is

3100 x 100 _ ¢g,9%
4500
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when operating at full power. The actual conversion efficiency 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 wattss The input
to the power amplifier was 2800 watts, or 62% of full power, The
conversion efficiency under these conditions is

1770 x 100 _ ¢3,2
2800 i

As discussed later in paragraph 66 and as shown in Plate 29, the
power amplifier 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. Thus 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 tamk power of 1770 watts is
sbout 8% low, This disagreement is largely due to the reason dis—
cussed in paragraph 43(a) above, However, this difference of 8% is
not considered excessive when the possibility 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%e

48, Thus it can be concluded that the power amplifier tank power
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, The resistance of the antenna loading coil can
be measured at all frequencies for 2ll values of inductance and thus,
if the antenna capacity is known, 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 temminal of the transmitter,

9. 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
power 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 dielectric loss in the dielectric adjacent to or
surrounding the conductor., It was determined 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. The 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. Power loss in trunks. Power losses in trunks may be pro-
duced by the following factors:

(a) Conductor losses:

(b) Dielectric losses.

(¢) Losses due to corona.

(d) Indirect losses due to trunk,

These 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 formula for the conductor loss in a trunk
is derived:

P=rlf3(P+1 I + 13 ) (6)

where

I is the current at the transmitter end of
the trunk.

P is the power in wattse

r is the resistance per foot of trunk.

L is the length of the trunk in feet.

Il is the current in amperes at the base of
the antenna,

The above formula 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 frequencies employed in these experiments, varied between 15
and 40 watts when the XTAQ-5 transmitter was operating at 62% of full
power,

53, Dielectric losses in trunks. It has been determined that

the dielectric loss per cubic centimeter of isclantite is proportional
to the frequency and the electric field. At 200 kilocycles, the power
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loss in isolantite at 1000 volts per centimeter was found to be

1.7 x 10-3 watts per cubic centimeter. The general formula for the
power loss in a stand-off insulator in a trunk is derived in Equation
(18) of the appended mathematical note. The power loss in such an
insulator is

P=2A Ep watts (7)
where

P is the power loss

A is the cross—sectional area of the
insulator in square centimeters.

E is the rf potential in RMS kilovolts
across the insulator,

p 1is 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 with the 95 foot flat top at 200 kilo-
cycles, the potential E is 26,600 RMS volts (see Table 3). The area
A of the insulators was 6,45 square centimeters. The power lost per
insulator is 0,3 watt, Since there were 23 insulators used in the
trunk, the total dielectric loss from this source was about 7 watts,
This was 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 within 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 XTAC-5 transmitter is approximately
3100 watts at full power operation. The calculated power amplificr
tank power shown in line 31 of Table 9 is of a much lower value, The
difference between 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 corona were as high as 700 to 900 watts under these par-
ticular conditions, Attention is invited to the fact that this corona
existed without actual breakdown or arcing occurring in the trunk.

55. Indirect losses due to trunk. It was not practicable to make
antenna resistance measurements at the timec of the field strength mecas—
urements. (The antenna resistance refers to the resistance at the base
of the vertical radiator,) This antenna resistance could be calculated
indirectly from other measurements. Thus, although the anterna current
is known, the antenna power cannot be calculated directly in this case.
However, the major part of the antenna system power must be supplicd
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 wolume of bad dielectric near the lead-in is small, Although
the power lost in the trunk may be vanishingly small, it cannot be con-
cluded that the radiated power with and without the trunk is the same,

DECLASSIEI-D 18~




The trunk and lead—in shunt part of the antenna system current to
ground. Thus 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, Thus 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.,

Lethod I. The current at the base of the antenna may be computed
by the following formula:

C

=21 (8)
Ca
where I is the antenna system current

I, is the antenna current

C, is the antemna capacity (given in curves 4, 5,
and 6 of Plate 8)

Cy, is the antenna system capacity (given in Plate 4)

Lethod II., At 28% of full power, both the transmitter antenna
current Ig and the antemna current were measured,
Then the antenna current at 62% of full power is:

I
. S (9)

Ig

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

liethod ITI. When using the trunk, both the antenna current I, and
the field strength S, were measured, When using the
same height antenna, without trunk, the field strength
S, was measured, Therefore, the antenna current, when
no trunk is used is:

57. Comparison of results by Methods I, II, and I11. 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 the three antenna
heights. The agreement among the values arrived at by the three dif-
ferent methods is as good as can be expected when 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 Ig is:

Ig = 1/3 (I + I3 + 1) (11)
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Vlhen the trunk was used, the antenna current was measured, The

antenna current can be computed from the foll formula:
C
Is = —2. I (12)
Ca
where I5 is the computed antemma current
Cz is the antenna capacity (curves 4, 5, and 6
of Plate 8)

C, is the antenna system capacity (curves 1, 2,
and 3 in Plate 8
I is the antenna system current.

The measured current and the current computed by Equation (12) are
plotted as a function of the frequency for the three antennz heights
in Plates 20, 21, and 22, It will be noted that good agreement
exists between the measured and computed antemna 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. The radiation resistance
R of the partially shielded antennas is given as a2 function of fre-
quency in Plate 9, The radiation resistance is referred to the base
of the antenna, The radiated power, in watts, is:

IgR when the trunk is not used

d
- I?R when the trunk is used

In Plate 23, with the transmitter operating at 62% of full power, the
radiated power is plotted as a function of the frequency for the three
different antenna heights when 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, Thus by increasing the antenna height by 30 feet, or
about 50%, the radiated power is more than doubled and by approximately
doubling the antenna height, the radiated power is more than quadrupled,

59. Radiated power as a function of antenna height at freguencies
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 flat top are included, The
curves show that the radiated power increases with antenna height at a
rapid rate up to antenna heights of 180 feet. The power radiated by
the 180 foot vertical with the 200 foot flat top is 18,6 times the power
radiated by the 65 vertical antemna with the 95 foot flat top.

60. In Plate 25 the radiated power is plotted as a function of
the frequency for three antenna heights when 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.

The average gain in radiated power over the frequency band of 200 to
565 kilocycles 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 of frequencies when the 66 foot trunk
is used. The rapid decrease of radiated power with decrease in antenna
height at 211 frequencies is vividly illustrated, From the curves it
appears that the radiated power would be nearly zero for antenna heights
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 when 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 r—f power which is
dissipated in the antemna loading coil and in the antemna system, The
results of this investigation reveal that the radiated power may be as
low as one-half of one percent (0.5%) of the power amplifier tank power.
This extremely low efficiency is encountered when operating 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. The above data on radiated power hase been calculated from the
radiation resistance and the antenna current. In paragraph 83 below
the agreement between the measured field strength and the field strength
calculated from the radiated power is discussed, The agreement between
the calculated and measured field strengths is such as to convince one
that the calculated radiated power must be fairly accurate,

VOLTAGE CONSIDERATIONS

64, In addition to the power considerations which have been dis-
cussed in the previous paragraphs of this report, the antemna voltage,
the trunk woltage 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 destructive 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 the 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 transmitter,
the trunk and the antenna are designed to withstand the maximum po—
tentials which are likely to be encountered. When 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. This is
illustrated in the following table, which 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)
Antennast Pcak Voltage Peak Voltage at Antenna

System 2t _Transmi tter End of Trunk
4 37,500 39,000
5 34,100 36,200
6 30,600 31,400

(%) See paragraph 25 sbove for description of antenna systems,

The 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 obserwved 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,
The difference in potentials as listed in columns (2) and (3) above
may be partially due to experimental errors.

65. The potential at the antenna terminal of the transmitter
was calculated from the antenna system current, the antenma 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, with and without the
66 foot trunk., During these tests the transmitter was operated at
62% of full power. The antenna system voltage increases as the height
of the antenna is decreased, for a given frequency. This is true
whether a trunk is or is not 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. The antenna
system voltage, however, is approximately of the same value in both
instances; however, the frequency is lower in the case where the 66
foot trunk was 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 was 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 with 95 foot flat top and without the
trunk, If one assumes that the power amplifier conversion efficiency
is the same at 62% of full power, then the full power antenna system
pesk voltage can be computed from the 62% measurements. This computa~
tion was performmed by multiplying the 62% values of antenna system peak
voltage, appearing in line 37 of Table 6 by the square root of 100/62
to give the antenna system peak wvoltage at full power., Line 38 of
Tables 2, 3, 4, 5, 6, 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, 3. One set of points was computed from the full
power measurements, line 38 of Table 8, 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 the conversion efficien=-
cy of the power amplifier is approximately the same at 62% of full power
as at full pewer. This agreement appears to justify the translation
of the 62% values to full power values,

4 i > = 3 —.a—.
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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 antemna, the antenna system peak
voltage may be as high as 47,600 volts, with or without the trunk.
It should be noted, however, that this peak wvoltage does not occur
at the same frequency with and without the trunk,

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 encounter-
ed during these tests, as computed from the data contained in refer-
ence (g), was 36,200 volts, 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, with or without the trunk, was 37,500 volts.
These voltages occurred at 200 kilocycles when the trunk was used and
at 250 kilocycles when no trunk was employed. Thus 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
anterma on shore, due to the decreased "ground® resistance. This will
result in somewhat increased antenna current and increased antenna poe
tentials, It is believed, however, 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 anterna system, (See Plates 5, 6, and 7.)

69. Shortly after starting the experiments, voltage breakdowns
occurred within the transmitter unit while operating into the 95 foot
vertical, 95 foot flat top antenna system. The trunk was being used
at the time, In general, the damage consisted of a bumed litz con-
ductor near the top of the loading coil, a blistering of the bakelite
form 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 permanent damage was observed at the
time, although these arcs may have contributed to the failure which
occurred later, These troubles were encountered while attempting to
operate at the lower 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 with 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 humiditye

(2) Arcing or voltage breakdown in the trumk
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 breakdown 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 trawvel along the inner conductor.

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

(7) 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 breakdown 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 of inner conductors. The potential
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difference between the inner and outer conductor is 1000 volts. For
a trunk of 18 inch outer diameter with a 3/4 inch inner conductor, the
potential gradient 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 volts. This corresponds to a potential gradient
at the inner conductor of 12,600 volts per centimeter. Thus, if the
potential gradient were in excess of 12,600 volts per centimeter in a
trunk with a 3/4 inch inner conductor, visual corona may exist, While
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 perfectly smooth and polished conductor, 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
potential 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 plotted as a function of the diameter of the
inner conductor. Investigations have proven experimentally 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 a2 3/4 inch imner conductor is 40,700 peak volts
per centimeter, If moisture were condensed upon the immer 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 "Dielectric Phenomena in High Voltage Engi-
neering" by F, W, Peek,) Since, during the observations made, the
immer 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 with a 3/8 inch inner conductor, it will be seen
that 13,800 peak volts per centimeter is the potential gradient neces-
sary for visual corona at 175 kilocycles for an average trunk., From
Flate 32, the potential gradient at the imnner conductor per 1,000 voltis
applied to the 12 inch x 3/8 inch trunk is 610 peak volts per centi-
meter, 13,800 divided by 610 equals 22,600 peak wolts, or the maximum
corona free woltage 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 coronae
Hence,it appears that if the humidity was high or the inner conductor
was wet, the maximum corona free voltage would be less then 22,600
peak volis,

73. The maximum corona free wvoltage at 175 kilocycles for a

number of trunks is given in the table below, It is assumed that the
humidity is not excessive:
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Cutside Inside Maximum

Diameter D ame ter Corona Free Capacity per ft.
of Trunk of Trunk Pealkk Vol tage micromi crofarads
1an o 45,900 5.83
18" 3/4p 37,500 5¢3
18 1/2n 29,300 4e73
18v 3/8" 25,100 4,37
12n i 38,800 6.8
12w 3/4" 33,000 6.1
12n 1/2n 26,400 5.3
12w 3/8n 22,600 4e9
gu 1n 34,000 7635
o 3/4" 29,700 6.8
ge 1/2n 25,000 5.83
" 3/8" 21,000 5¢3
ov 1/4n 16,200 4T3

74e It is realized that the data from which the above table
was computed are limited 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 mtil more
data of proven worth are accumilated, However, it is believed that
the above method of obtaining the maximum corona free voltage is a
step forward and may be used to advantage until more accurate in—
formation is available,

75. 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.gs., a 12 inch trunk with a 1 inch inner conductor
will withstand a higher potential tham 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 will decrease the radiated power, especially for short
antennas,

76. As shown in paragraph o4 above, the antenna system and
antenna voltage are about the same, Therefore, the transmitter, the
lead-in, the trunk and the antenna itself must all be designed to
withstand the same maximum peak potentials, The data obtained during
the acceptance tests of the Model XTAQ-5 transmitter and during the
course of this investigation, indicate that about 36,000 volts is
the maximum pesk wvoltage which this transmitter will withstand without
voltage breakdown, If transmitters of this type are to be used with
short antennas and trunks for which the antenna system capacity 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 flet top, operating in conjunction
with a 66 foot trunk, has a capacity of 775 micromicrofarads at 175
kilocycles. Thus the inductance of the loading coil would have to
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be increesed 16% to resonate the antenna at 175 kilocycles. At the
same time the insulation of the transmitter and the 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 rlate 52,
which is a rear view of the Model XTAG-5 transmitter with shields
removed, shows that at presernt the antenna circuits occupy about 50%
of the entire volume of the transmitter. Plate 50 shows the precau-
tions which must be exercised to keep the antenna lead well in the
clear and Plate 51, showing a close-up of the antenna load coil,
indicates the precautions which must be taken to prevent arcing from
connectors, switeh parts, etc., by enclosing such parts in corona
shields. To increase the inductance of the antenna loading coil 16%
and at the same time require the insulation to withstand a 50% increase
in voltage, would result in a very decided increase in the space re-
guired for the antenna loading coil circuit. Similar precautions
would be necessary to insure that sufficient voltage clearances and
reasonable potential gradients existed in the entire antenna systeu.

FIELD STRENGTH CONSIDERATIONS

77. The field strength at any short disltance can be calculated
from the radiated power for short antennas. If this theoretical
value of field strength agrees with the experimentally measured values,
then the validity of the theoretical calculations of field strength
and radiated power zs computed from the antenna constants and the type
of transmitter employed, have been substantiated.

78. FPlate L6 is a sketch of the area in which the experiments
were conducted. As indicated in this sketch, the field strength
measurements were made at No. 1 Compass House location which is 505
meters (1650 feet) distant from the transmitting antenna. The ma jority
of field strength measurements were made in connection with the six
antenna systems energized by means of the Fodel ATAG-5 transmitter
operating at 62% of full power. For comparison purposes, however,
some measurements were made at 28% of full power and at full power.

79. Field strength measurements were made with & receiver equipped
with an electron-ray tube. The receiver was so adjusted that the sig-
nal under observation caused the shadow angle to reduce to exactly zero.
4 Standard Signal Gemerator was then connected to the input of the re-
ceiver and the output of the signal generator was adjusted to &again
reduce the shadow angle of the eleciron-ray tube to zero. This method
gives only the relative field strength; hence il was necessary to cal-
ibrate the equipment in order to obtain the field strengih in milli-
volts per meter. This was accomplished by taking simultaneous measure-
ments by the above described method and by means of stendard field
strength measuring equipment. All measurements were made at the same
location and for all frequencies used during the experiments. Thus
the Electron-Ray Tube/Standard Signal Generator equipment was cali-
brated at one value of field strength for all necessary frequencies.

If the fiela strength is directly proportional to the reading obtained
with the standard field strength measuring equipment, it is only neces-
sary to calibrate the Electron-Ray Tube/Standard Jignal Generator
equipment at one field strength for eadh frequency.
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80. The antenna current is directly proportional to the field
strength, if the antenna is not changed. In Plate 34 the relative
field strength is directly proportional to the antenna current or
actual field strength, Therefore, 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, The radiated power is equal to the square of the
anterma current times the radiation resistance., The method of com—
puting the radiation resistance of shielded and unshielded antennas
is given in reference (e). The antenna current can be measured di-
rectly or may be computed by the methods outlined in paragraphs 40,
56 and 57 sbove. During this investigation the measured value of
antenna current was used in the computations for the antemna systems
when a trunk was employed. The anterma current was calculated from
Equation (11) of paragraph 57, when the trunk was not used,

82, In Plate 35 the field strength is plotted as a function of
the distance for a radiated power of 1 watty The square root of the
radiated power, in watts, times the field strength as read from
Plate 35, may be used to calculate the field 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, The two methods are
fundamentally the same.

83. During the course of this investigation, the field strengths
at No, 1 Compass House were calculated for the two following cases:

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

(2) The partial shielding of the entenna by the trans—
mitter building was taken into account in the compu-
tations.

In Flates 36, 37, 38, 39, 40, and 41 the field strength is plotted
as a function of frequency for the six antenna systems, A careful
study of the curves in these plates reveals the following facts:

(1) For the 65 foot antemnas, with 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 formulas,
neglecting partial shielding of the antenna, are
definitely too high for all antenna systems. (Plates
36 to 41)

(3) The computed field strength for partially shiclded
antennas is about 20% higher than the measured field
strength for the 95 foot antemnas, 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
st:;engths for the 125 foot antemmas, (Plates 38 and
A

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 wvarious 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 field 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
4l inclusive)

85. The divergence of the computed and measured field strengths
with antemna 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 towers and the messenger cable
(steel) between the towers from which the various antennas were sus-
pended, It was assumed in the computations that the earth is a per—
fect conductor, This 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 conjunction with a metallic stzke 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.
Thus, by decreasing the ground resistance near the antemna, the antemna
current and ground currents were increased although the same radiator
and the same transmitter were used, The field strength at any point
is proportional to the antemna current and therefore the field strength
increases as the ground resistance near the antenna is decreased,

87. The low resistence ground area, which was finally selected
as the scene of the transmitting experiments, was not symmetrical
about the antenna, Thus within a radius R the ground resistance is
the same in &ll directions, but outside a circle of radins R , the
ground resistance is still low in some directions but high in others,
The shorter the antenna the more rapidly the ground current decreases
with the distance from the antenna, Thus, the effect of the non-
symmetrical ground was the greatest for the 125 foot antemnna, which
was the highest antenna consistently used during these experiments,

88, It is shown in Equation (27) of the appended "Mathematical
Note" that the field strength is proportional to the ground current.
Since there was a smaller area of low resistance ground on the side
of the antenna in the direction of the field strength measuring loca—
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 will 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
measured 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 2ntenna height increased, the
distance between the flat top and the ground messenger cable decreased,
Thus the coupling between the flat 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 correetions indicated in the above paragraphs were carried
out quantitatively, it is reasonable to assume that the agreement
between the experimental and theoretical curves in Plates 36 to 45
inclusive would be better. In view of the rmumber 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, This leads to the important conclusion that if the antenna
constants are known, the following quantities can be calculated ac—
curately for any given intermediate frequency transmitter:

(1) Field strength at short distances from the transmitting
antenna,

(2) The maximum and minimum expected field strengths at
any distance from the transmi tter,.

(3) The radiation resistance of antennas in the clear,

(4) The radiation resistance of partially shielded
antennas.

(5) Potentials existing in the trunk system.

(6) Potentials existing in the antenna system,

(7) Power supplied to the antenna system,

(8) Power lost in the antenna loading coil,

(9) The current flowing into the antenna system.

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

Information of this nature should be helpful in estimating the results
which will be obtained from contemplated antenna systems as well as
from existing transmitting installations,

FACTORS RELEVANT TO PROPOSED TRANSUITTING INSTALLATIONS ON BATTLESHIPS
and 56.

91l. Many of the results obtained from the foregoing investiga—
tion are applicable to the problems which will be encountered in con-
nection with the proposed transmitter and antenna system installations
on Battleships 55 and 56, It will be noted that there is close agree—
ment between the dimensions of one of the antemna systems used during
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the above tests and the antenna system proposed for use with Model
TAQ trensmitters on Battleships 55 and 56,

Battleship Test

Conditions Conditions
Transmitters: TAQ=-5 XTAQ-5
Length of trunk: 65 ft. 66 ft,
Diameter of trunk: 12 in, 18 in,
Diameter of inner trunk conductor:  1/2 in, 3/4 in.
Capacity of trunk: 345 wuf 350 uuf
Length of vertical antemma: 68 ft. 65 fte
Length of flat top: 90 ft. 95 ft.

Antenna system capacity: Approx, same for both conditions,

92, The battleship antenna referred to above is No, T-7 used in
the battle conditionj; 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 antemna loading coil losses.
However, according to the opinion expressed in paragraph 4 of the
Bureau of Ordnance lst endorsement BB55&56/S1-1(2/112)(T11) of
22 December 1938, it is likely that the transmitter would be required
to operate wi’chout the assistance of the after section for long periods
of time,

93. As pointed out in the above discussion under VOLTAGE CON~
SIDERATIONS, the Model XTAQ-5 transmitter was capable of withstanding
potentials of approximately 36,000 wolts, Based on available informa~
tion, the data indicate that a ’12 inch truk with a 1/2 inch inner
conductor will be limited to a potential of spproximately 26,400 voltse
Hence the contemplated trunk will be incapable of withstanding the
voltages generated by the transmitter., Experimental evidence indicates
that the trunk in question should be approximately 18 inches in diameter
with a 3/4 inch inner conductor. It is realigzed that trunks of this
dimension are objectionable from several viewpoinits, Such trunks de-
tract from the armor and gas protection integrity of the vessel and
occupy a large volume of valuable space, However, with the restricted
antenna dimensions permissible, high r—f voltages will be encountered
which camnot be handled by small trunks, It is further noted that
the plans of Battleships 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 concemed, Thus, if a 12 inch trunk is arbitrarily reduced to a
9 inch diameter at armor locations, the voltage capability will be
reduced from approximately 26,400 wolts 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 some method of overcoming these difficulties is
feasible, If the inner conductor is increased in diameter, say to
1 inch, at the armor locations where a 9 inch outer diameter is used,
the trunk would withstand a potential of approximately 34,000 volts.
The transition from one inner conductor diameter to another should be
made gradually and smoothly to avoid sharp discontimuities. Further-
more, as pointed out in paragraph 74 above, insufficient data are
available at the present time to calculate exact voltages, Further
investigation is needed zlong these lines,
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94. As pointed out under POWER CONSIDERATIONS, and particularly
as summarized in paragraph 62 above, antennas possessing character-
istics similar to those of No, T-7 used under "battle conditions,"
may possess a2 radiation efficiency at the 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 operation of the transmitter at full power input
and the power must be further reduced to prevent arcing in the trunk
system, All these factors cooperate 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 the
accommodation of a trensmitting installation similar to a Model
TA(=5:

TAQ~5 transmitter unit, complete: 70 cu.ft.
Antenna unit of TAQ-5 transmitter: 35 cu.fte.
Trunk, 65 ft. long, 12 inch OD: 51 cu.fte
Trunk, 65 ft. long, 18 inch OD: 115 cu.ft.
Motor gener ator and starter: 30 cu.ft.

96. In the proposed plans for Battleships 55 and 56, antenna
A-1] 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 antemna
were calculated and a dummy antenna simulating these constants was
comected to a Model TAJ transmitter through a short section of sub-
marine loop cable. The transmitter was operated at 180 kilocycles.
With the transmitter operating at 1/4 of full power antenna voltages
in the neighborhood of 10,000 wolts were produced, This woltage was
sufficient to cause corona on the surface of the submarine cable when
a grounded metallic object was placed in contact with the cable, Vhen
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 withdrawm from the vicinity of the
submarine cable, Thus it is seen that an unprotected cable of this
nature would constitute a distinet hazard if located in areas where
personnel could came in contact with it. Additionally, prattically
all power would be dissipated if any foreign object were permitted

to come in contact with the cable,

SUMKARY

97. The 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 references (b),
(c), (d), (e), and (f)e In addition to this corroborative data, certain
additional data and informmation have been derived from the tests which
present a clearer and more detailed concept of the conditions sur-
rounding the operation of intermediate frequency transmitting installa=—
tions on board Naval vessels,



98, If the physical and electrical properties of the antenna
system are known, then the following quantities can be computed for
any given transmitter at intermediate frequencies:

(1) Field strength near the transmitter,

(2) The maximum and minimum expected field strength
at any distance from the transmitter,

(3) Radiated power in watts.
(4) Radiation resistance of antennas in the clear,

(5) Radiation resistance of partially shielded
antennas,

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

(7) 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,

The methods for calculating the above quantities are discussed in
detail,

99, The direct power loss in trunks is negligible, but the use
of trunks increases the power losses in other parts of the circuits,
such as the antenna loading coil, to & 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 determining the losses due to trunksj i.c., the radi-
ation efficiency decreases more repidly with the capacity of the trunk
than with the length of the trunk,

101, Factors to be considered in the design and construction of
trunks are discussed, It is pointed out that certain additional em—
pirical data must be accumlated in order to clarify all 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 (175 to 600 kilocycles).



103, The restricted dimensions of existing and contemplated
shipboard antennas possess characteristics of such a nature that
transmitters designed in accordance with current specifications may
exceed their safe maximum potential limits, if the transmitters are
operated at full power. In some instences, safe operating potentials
will be exceeded if the transmitter is operated at about 60% of full
power,

104, The radiation efficiency at fregquencies 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. The use of short antennas requires the use of larger trunks
to withstand the increased r—f potentials, This may give rise to con-
ditioéns 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 vessels

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

107. A general discussion on the methods of measuring antenna
constants is included, The 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 details
Certain aspects of the installations which may require modification
in order to avoid difficulties are pointed outs

109, Sufficient data of a varied nature are submitted which will
permit 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,

110. In general, the investigation reveals, and substantiates
previous data of this nature, that the use of frequencies below 300
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.



- MATHEMATICAL NOTE

The 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 current at the transmitter end of the trunk is I and
the current at the antemna end is I . The trunk is of length L,
The current at any distance x from the transmitter end of the
trunk is given by the equation. (See Fig, 1)

g(=(11_;12_x + I (13)

The conductor power loss in the trunk is
L
2
P = I_x r dx (14)
o}

where r 1is the resistance per foot of trunk,

Substituting Equation (13) in Equation (14) one obtains
after integration.

P=—1‘%"'(I2+II]_+I§_) (15)

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
per 1,000 volts per centimeter; then the dielectric loss in wattis
in an isolantite trunk insulator of area A and of length (R - r)
is (see Fig. 2)
/R

% ApE
- 5 % loge(R/r) e (a5

where £ is the potential gradient at a radius x in
x loge ﬁ?r

kilovolts per centimeter and E is the potential across the trunk

in kilovolts,

Equation (16) can be integrated to give

g - =
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Substituting in the limits of integration, one obtains
P=ADE (18)
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 kilovolts.

p 1is the dielectric loss in watts per cc per
kilovolt per ame p is 1.5 x 1073 watts
per cc per kilovolt per cm at 175 kilocycles,

The effect of an unsymmetrical ground resistance upon the directivity
of a vertical antenna,

It is assumed that the antenna is of height h above a perfectly
conducting ground, The current at the base of the antenna is I .
Thus the current I flows into the ground at the base of the antenna.

From Maxwell's Equations one has

-%— _g_'@. +47rjc—- = curl H (19)

Equation (19) can be transformed to the integral fom
te give

//(rm-lif)nds=é/( i 324-4:?)11:13 (20)
s

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

/ Hs ds = 47 //,Jb ——i;-%}—dSJf 4% S//Jnds (21)

s S 4T 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
is equal to I . The first term on the right hand side of Equation
(21) gives the total displacement current between the area S and
the antenna. The ground current that flows through the perdmeter s
of the area S plus the displacement current in the area S 1is
equal to the antenna ground current, As the area S5 increases, the
displacement current decreases and in the limit the displacement

i_} E‘ {: ‘ i';" S {-E -15 2 -': *‘ 1:1“\_ Appendix A, page 2



current is equal to the antemna 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 5§ is given by

Pulal (22)
Substituting I and I' in Equation (21) one has

/Hsds= g_r_ It + A1 o AT qe (23)
c

8 c

Equation (23) gives a definite relationship between the ground
current and the magnetic field just above the ground due to the
anterma. Hs is at right angles to the radius vector and parallel
to the surface of the earth,

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

-

27
I" = / iv (6, r) r a® (24)

(¢]

where 4" ( , r) is the ground current at a radius r per unit
length of arc of the circle,

For a circle of radius r
/f 2T
j Hs ds = H(6, r)rde (25)
s (>
From Equation (23), (24), and (25) one obtains
-

!
H(0, r)rde =47
c

277
i (e, r) rde (26)

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

H(r,e)aig-r-i“(e,r) (27)



Therefore, the magnetic field at_the surface of the ground
is directly proportional to the ground current. The magnitudes
of the electric and magnetic fields are equal, Thus the electric
field is the greatest in the direction having the greatest ground
currents

-L Appendix 4, page 4
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Table 1

Definition of Symbols
appearing in Tables 2 to 9 inclusive,

=

is the master oscillator band change switch on the XTAQ-5
transmitter,
is the master oscillator tuning control.
is the intermediate power amplifier band change switche
is the intermediate power amplifier tuning control.
is the power amplifier band change switch,
is the power amplifier tuning control,
is the antenna coupling switch.
is the antenna tuning control.
is the antenna band change switch.
PA is the power amplifier plate voltage in volts,
PA is the power amplifier plate current in milliamperes,
IPA Ip is the intermediate power amplifier plate current
in milliamperes.
MO Bp is the master oscillator plate voltage in volts.
IO Ip is the master oscillator plate current in milliamperese.
Eg 1is the bias voltage in volts.
Rp 1is the resistance of the antenna system in ohms,
Ca  is the capacity of the antenna in micromicrofarads,
Ry, is the resistance of the antenna loading coil in ohms,
Ig is the transmitter antemna current in amperes as
measured in the ground side of the antenna loading coil,
I is the antenna system current in amperes,
I3 is the measured antenna current in amperes when using
the trunk.
I, 1is the antenna current calculated by method I (no trunk),
I is the antenna current calculated by method II (no trunk).
I; is the antenna current calculated by method III (no trunk),
I5 is the antenna current computed by Equation (12) when
using the trunk,
Ig is the average calculated antenna current (no trunk).

HEQSEEODOW

I?'RL is the power lost in antenna loading coil in watts,.

IZR‘,,L is the power supplied to the antenna system in watts,

T%(R, + Ry) is the computed PA tark power in watts.

Ry  is the radiation resistance of the antenna in the clears

R is the radiation resistance of a partially shielded antemna,

142) R, or Ii Rl is the radiated power in watts (neglecting
shielding of the antemna),

Ig R or Ii R is the radiated power in watts for a partially
shielded antenna,

G ) oo e 1, paeed



Ego Tms  is the mms antenna system voltage when operating
the XTAQ-5 transmitter at 62% of full power.

E¢o pesk 1is the peak antenna system voltage when operating
the XTAQ-5 transmitter at 62% of full power,

Eloo peak is the peak antemna system voltage when operating
the XTAQ-5 transmitter at full power,

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

Fd.,8tr. € is the computed field strength in millivolts per
meter if the antenna were in the clear,

Fd.Strs € is the computed field strength in millivolis per
meter for the partially shielded anterna.

FIO IR Table 1, page 2



Table 2
Field Strength and Power lieasurement Data
on XTAQ—5 Transmitter
operating at 62% of full power

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

Line
No. Freg.kc 250 300 400 460 565
1 Test Noe. 2 2 3 4 5
2 A- 3 L 5 6 7
3 B 206 162 565 385 485
4 C 3 4 5 6 s
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 | 6 11 i 13
11 PA Ep 1750 1750 1750 1750 1750
12 PA 1600 1600 1600 1600 1600
13 IPAIEp 65 70 75 85 90
1, MO B 740 735 735 740 735
15 MO Ip 34 32 32 31 32
16 BEp 110 110 112 111 112
7 By 1.5 1.65 17 1.95 26
18 €y 442 446 459 470 494,
19 €5 344 349 358 367 386
20 Ry 3.27 2,3 2,25 2.12 1.53
21 Ig 21.6 24.8 26,8 27.0 24.0
2 1 18.5 21.3 23,0 23,1 20.6
25 I3 14.8 1445 15.6 15.7 14,7
2 I 12,2 13,8 15,0 154 15.1
28 13 13.8 15.0 16,2 16.3 15.3
29 12 Ry, 1120 1240 1190 1130 650
30 12 Ra 510 750 900 1040 1100
31 12 (Ry + Rp) 1630 1990 2090 2170 1750
32 R .28 o0 7L 9% 1.42
33 R %) 16 28 37 «56
34 Ig Ry 53 90 1856 250 330
35 ISR 21 36 73 98 130
36 Egp rms 26600 25300 19900 17000 11700

37 Egp pedk 37500 35700 28100 24,000 16500
38 Ejop peak 47600 45300 35600 30400 20900

39 Fd,Str. 77 105 150 175 200
40 Fd.Str.6 137 180 257 300 340
4l Fd.Str.C- 87 113 160 187 215



Table 3

Field Strength and Power lMeasurement 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,

:

F

ot
ovaoelowmpwWO M

HREERE

BERLER

21
22
23
27

29
30
31
32
33
34
35

36
37
38
29
40
41

Freg.kc 200 250 300 400  _460 565
Test No, 6 7 8 9 10 11
A * 1 3 4 5 6 7
B 700 206 162 565 385 485
C 1 3 4 5 6 7
D 7. 21 17 56 39 43
B 3 5 6 6 7 7
F » 3 13 64 25 63
G 2 2 2 2 2 2
H 35 40 54 59 Jil 28
I 3 g 10 12 13 14
PA E, 1750 1750 1750 1750 1750 1750
PA 1600 1600 1600 1600 1600 1600
IPAIEP 54 58 70 80 85 56
MO 750 750 750 750 750 750
MO iﬁ’ 36 36 34 32 32 32
Eg 15 112 112 115 115 11
RL 0,8  0.65 0.9 0.9 1.3 P
Ca 775 185 796 830 856 920
Ca 342 344 349 358 367 386
HL 2025 1169 1-44 1030 1000 .89
Ig 30,2  31.8 3,5 32.8 28.8 3241
' 25.9  27.3 27,0  28.2 e 2745
I 19 BJa 11.0 11,0 10,2 12,2
Ty 1.5 12,0 11,8 12,1 10,6 11.6
I?Rp. 1510 1260 1050 1030 610 670
I2R 540 490 660 720 670 1060
2(8y + Ry) 2050 1750 1720 1750 1280 1730
Ry 0,18 0,28 0.40 0.7 0,94  l.42
R 0,07 oO.11 0.16 0,28 0.37 0,56
2 Ry 5 25 34 48 86 98 211
ITR 9.8 13.4 19 34 39 83
E62 rms 26600 22100 18000 13500 10000 8400
5 pesk 37500 31200 25400 19000 14100 11800
E% peak 4’?600 39600 32200 24100 17900 15000
Ber, 70 84 110 16 162
Fd.Str, gl 94 110 131 175 187 274,
Fd.Str, 69 83 110 118 172
%See Table 1 for definition of symbolde. )i~ 3| A QI
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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
_No, Freqe kc. 250 300  _400  _460  _565.
3 Test Noe 12 13 14 15 16
2 A % 3 4 5 6 7
3 B 206 162 565 385 485
4 c 3 & 5 6 7
5 D 21 17 56 38 43
6 E 5 - 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 1 12 13
11 PA ?p 1750 1750 1750 1750 1750
12 PA 1600 1600 1600 1600 1600
13 IPA PIp 63 75 83 90 94
14 MO 750 750 740 735 735
15 MO % 35 34 32 32 32
16 Eg 114 114 113 112 112
18 Cy 505 511 533 553 593
19 Cy 407 413 429 445 475
20 Rl 2.8, 2.3 1,92 1.84 1.52
21 Ig 23,2 2N 25,0 24e6 20,1
22 I 19,9 21.2 A4 2.3 17,2
25 T 15,3 16.2 15.3 1447 12,2
26 Ii 16.3 18,2 15.5 4.3 11.4
28 13 15.9 17.2 16,0 15,3 12.5
™ TR 1130 1050 880 830 390
30 1I2 R 650 830 920 1040 1080
31 12 (Ry +Ry) 1780 1880 1800 1870 1470
2 B 0.51 0.73 1.30 1,7 2,60
B = 0,28  0.40 0.72 0495 1old
3% IR 8 26 330 400 405
35 I?-; R 48 118 184 222 225
36  Eg, rms 25100 22000 16000 13200 8200
37 By, peak 35400 31000 22600 18600 11600
38 E{,{ peak 44900 39300 28700 23600 14700
9 FdoStr. 135 175 207 230 225
40  F.Str. 31 177 277 344 378 380
41 Fd . Str. 131 205 255 280 283

B F AT DS
#See Table 1 for definition of siyﬂh%ls.-'a ASSiid
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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, flat top

antenna system.

Line
No, Frege ke, _182 200 250 _300
1 Test Nos 17 18 19 20
2 A 1 A 3 4
3 B 350 700 206 162
4 C 1 1 3 3
5 D 4t 7L 21 17
6 E 2 9 5 6
7 F 54 51 36 16
g G 2 2 2 2
9 H 9 64, 57 67
10 I 1 3 8 10
11 PAE 1750 1750 1750 1750
12 PA 1600 1600 1600 1600
13 IPA I, 60 55 65 72
14 MO O O 45 U5
15 MO Ip 36 34 34 33
16  Eg B N W
18 C 840 843 855 877
19 G, 395 396 407 413
20 By 2.39 2,33 155 1.37
A Ig 28,0 29,9 30,2 30.3
- 24,0 25.6 25,9 26,0
23 Iy 1240 128 127 125
21 I, 13 12,0 2.3 12.3
29 I? By 1380 1400 1040 930
30 I2R 460 620 540 640
n 2 Gy s Ry) 1840 2020 1580 1570
32 Ry 0.27 0,32 0 51 0,1
33 R 0,15 0,18 0.28 0,40
3% IR 3% 5 82 14
35 I:% R 22 29 46 64,
36  Egp ms 25000 24200 19300 15700
37 Egp peak 35200 34100 27200 22100
38 peak 44600 43200 34500 28000
39 Str. M 70 g1 105 120
40 Fd.Str, ¢; 118 136 171 200
1 Fd,Str, C 89 101 128 150

% See Table 1 for definition of symbols,: _
DECH

925
1.22

30.0
25.7
12.0
11.9

810
660
1470
1.30
0.72
187
105

11100
15600
19800
160
260
190

460 565
22 23
6 7
385 485
6 4
38 43
7 ¥
23 67
2 2
48 36
13 14
1750 1750
1600 1600
80 80
749 730
32 32
113 112
1,25 2.35
970 1064
445 475
0.94 0,82
30.6 30,8
26,2 2644
13,1 13.2
248 1.8
640 450
860 1640
1500 2090
1,74 2,60
0.95 l.44
290 450
163 250
9300 7000
13100 9900
16600 12600
210 260
320 400
240 300
ASSIE



Table 6

Field Strength and Power lMeasurement Data
on XTAQ-5 Transmitter

operating at 62% of full power

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

Line
No.  Freg, kc 250 300
1 Test Noa 24 25 26
2 A = 3 A 5
3 B 206 162 565
4 c 3 4 5
5 D pil 17 56
6 E 5 6 6
7 F 46 24 66
8 G 2 2 2
9 H 75 63 20
10 I 4 8 12
1 PA E, 1750 1750 1750
12 PA 1600 1600 1600
13 IPA T 67 70 75
14 MO 740 730 750
15 MO %g 34 33 32
16 E, 12 113 114
17 Ry 165 195 2,25
18 Cp 574 582 613
19 Ca 476 481 514
20 Ry, 2,53 2,04 1.76
21 Ig 2l 2 ek
22 I 20,7 20.8 22,6
25 I3 16.4 16,6  16.0
26 I, 17,5 18,3  17.3
28 Iy 17. 174 194
29 PR 1090 830 900
30 12 Ry 700 840 1150
31 12 (Ry + By) 1790 1730 2050
32 Ry 6,78 1.J2 2.0
33 R 0.48 0.70 1852
34 225 340
35 IR % 39 ;w2 6
36 s 23000 19000 14700
37 Egp peak 32400 26800 20700
38 %00 peak 1100 34000 26200
39 Str. M 175 205 260
4 T4, Str, G 283 347 464
L Fd4, Str. C 223 275 366

# See Table 1 for definition of symbol

27
6
385
6
38
(]
31
2
66
12

1750
1600
85
740
32
114

2+40
646
543
1.64

25.1
21.5
18,0
1.8
15.5
16,1

760
1110
1870
2,60
1.64

673

425

11500
16200
20500
280
490
390

ii)f%@rji.

:K(" 2 |

b ‘-‘-..d- 1

.hs"

15,0
11.9
13.7
13.5

380
1360
1740
4,00
2.50

728

455

7100
10000
12700

290
510
400

151 )
o -



Table 7

Field Strength and Power Measurement Data
on XTAQ-5 Transmitter
operating at 62% of full power

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

Line
No, Freg.ke 176 . _200 250 300  _400  _460 565
1 Test No. 29 30 31 32 33 34 35
2 A % 1 1 3 % 5 6 7
3 B 206 700 206 162 565 385 485
4 c 1 1 3 4 5 6 )
5 D 34 il 21 17 56 38 43
6 E 2 3 5 6 6 7 7
7 F 65 53 40 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 1 12 13 92
11  PA 1750 1750 1750 1750 1750 1750 1750
12 PA % 1600 1600 1600 1600 1600 1600 1600
R Y 54 52 54 72 20 82 95
14 MO 750 750 750 750 745 45 U0
15 MO % 38 36 36 34 32 32 32
16  Eg e M4 W R 1M L4 1S
i R 0,80 1,05 0485 1,10 1.30 1.65 3410
18 CA 908 913 931 955 1023 1084 1237
19 Cq 463 469 476 487 514 543 593
20 Ry 2,33 1,98 14 1.23° 114 0.8 o7
21 Ig 258 29.0 324 320 300 90 205
22 I 219 285 TS5 WL 259 249 Bb
23 Lt 122 13,7 It 143 106 138 134
27 Is Me2 8 M. 14O, 125 125 110
29 I?Ry 1150 1230 1080 920 710 530 400
30 T Ry 380 650 640 830 760. 1030 1720
31 12 (Ry +Rp) 1530 1880 1720 1750 147 1560 2120
32 Ry 0,39 D50 G 1,12 2,00 260 40
33 R 0:24 O.81 0.48 0.70 1.24 1,64 2.5
3. TR 58 9% 164 230 3710 95 TR0
35 BER 36 58 102 143 230 307 446

36 Egp mms 22100 21700 18800 15200 10000 8000 5400
37 Ego peak 31200 30600 26500 21400 14100 11300 7600
38 E%OO peak 39600 38800 33600 27100 17900 14300 9600

Str. M 84 106 145 160 205 250 285
40 Fd, Stre Cq 144 183 240 285 360 420 506
4 Fd, Str, C 13 144 190 224 285 330 400

% See Table 1 for definition of symbols,

O



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'flat top antenna system,

Line
No, Freg, kc 250 300 400 460 565
1 Test No. 36 37 38 39 40
2 A 3 4 5 6 7
3 3 206 162 565 384 485
4 C 3 4 5 6 7
5 D 21 b g 56 38 43
6 E 5 6 6 7 7
7 F 43 22 67 30 68
g G 2 2 2 2 2
9 H 89 69 80 67 60
10 I 4 8 11 i2 13
1 PA 2250 2250 2250 2250 2250
i PA % 2000 2000 2000 2000 2000
13 IPA L, 0 100 105 110 95
14 MO E, 750 750 750 750 750

'—I
wn
8
—
d

34 34 34 34 32

16 Eg 115 115 15 15 115
18 Gy 574, 587 618 646 712
19 Cy 476 487 514 543 593
20 Ry 2,40 2,20 1,72 1.55 1,13
22 3 BT BA WS Wk A5
29 I’m 1590 1740 1500 1160 520
30 12R, 1140 1620 1850 1880 2450
N 12 (Ry + Ry) 2730 3360 3350 3040 2970
38 Eyjoo peak 40300 35800 26800 20700 12000

#* See Table 1 for definition of symbols.



Table 9

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

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

Line
No, Freg, ke, _176 200 250 300
1 Test No. 41 42 43 IAA
2 A = 1 1 3 4
3 B 206 700 206 162
4 c 1 1 3 4
5 D 34 72 23 17
6 E 2 3 5 6
i F 53 56 54, 34
g8 G 2 2 1 1
g H 18 67 L2 40
10 I 1 4 9 11
n PA 2250 2250 2250 @ 2250
12 PA E 2000 2000 2000 2000
13 IPA ° T, 60 60 70 100
14 MO 750 750 750 750
15 MO % 38 38 32 32
16 Eg 15 15 115 115
17 R 115 135 1,00 1,10
18 ci 903 904 930 942
20 Ry, 2,16 1,83 1,41 1,33
2 Ig 31.0 315 35.3  40.2
22 I 26,6 270 30,3  34.5
23 I 14.3#  LbtF  16.2F 17,2
29 12 Ry 1530 1340 1300 1580
30 12 Ry 810 840 920 1310
31 12 (R, +Ry) 2340 2180 2220 2890

#*See Table 1 for definition of symbols,

#Visual corona in trunk,
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- Varistion of the following gquantities with frequency . _ 4
for a 131 lead-in, 65! vertical and 95' fla%t top antgnna

1. Antenna system resistance.

i
1
i
1
2. Antenng - 'system gapaclitance. !
|
|
1

Transmi tter XTAQ-5 antenna loading coil resistance.

Antenna radiation resistancs. : : ;
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system, < | o | | i
|.©1, Antenna system resistance. | _ !
H 1 1
! ! !
[ s2,. -Antenna system capacitance, 1
= ! : !
: Z. Transmitter XTAQ-5 antemma loading coil resistance. |
4, Antenna radiation resistance, |
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Variation of the following quantitiaes with [raquency
cal and 85!

for a 13 Jeéad-in,; 125" Werti
system, : g

"flaf top antsnna |
1. Antemna Sféfém_resiStanca. '
2. Anteqn;_;ysﬁem_pgpaqitance.

3. Transmitter XTAQ-5 antenna loading coil rasistance.

4. Antenna tadiation resistance.’
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1. Antenna system cApacitance ss & funetion of | il .7
frequency for the following antenna systemsa. TaEas petas

1. 13! lead-inm, 85! vertical 'and 95' flat tdp. '
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Variotion of the following quentitias with frequency for e 13!

Jegd-in, bb' trunk, 957 veriieal and 957 Tlat top m