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ABSTRACT 

Four of the broadband high-frequency transmitting 
antennas for Task Fleet Flagship CLC-1 will be located in 
a relatively small area on the aft portion of the main deck. 
The effect of this comparatively close spacing will alter the 
input impedance from that predicted on the basis oI a single 
antenna. 

An experimental investigation using scale-model tech­
niques was made to determine the magnitude of such effects. 
Coupling between the several antennas and the ship's super -
structure was shown to exist but the effect is sufficiently 
small to permit satisfactory operation over a three-to-one 
frequency band. 

PROBLEM STATUS 

This is an interim report on one phase of the problem; 
work on the problem is continuing. 

AUTHORIZATION 

NRL Problem R09-0l 
RDB Projects NR 509-010 and NE 091-035 

Manuscript submitted September 2, 1952 
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COUPLING BETWEEN HIGH-FREQUENCY SLEEVE 
ANTENNAS FOR TASK FLEET FLAGSHIP CLC-1 

INTRODUCTION 

. Task Fleet Fl~ship CLC-1 is being equipped with broadband h-f antennas of the cylin­
dr1c~l sleeve type, the general features of which are illustrated in Figure 1. The vessel 
carries a total complement of ten h-f sleeve antennas, five for transmission and five for 
reception. The receiving antennas are located on the forward deck area and are not within 
the scope of this report. The transmitting antennas cover frequency ranges of 9 to 26 Mc 
(two antennas), 6 to 18 Mc, 4 to 12 Mc, and 2 to 6 Mc. 

The 2 to 6 Mc antenna uses the ship's 
stack for the sleeve section of the antenna 
and is located midship. The relative loca­
tions of the. four remaining antennas are 
shown in Figure 2. Each antenna will be 
equipped with a four-unit multicoupler and 
thus the five antennas will provide for the 
simultaneous operation of twenty trans-
mitters. Although the four aft antennas 
were located as far as possible from sig­
nificant elements of the ship's superstruc­
ture in order to minimize coupling and 
distortion, complete freedom from these 
effects could not be achieved. The spacing 
between the four antennas themselves was 
made as great as possible but here also the 
space restrictions which prevail make it 
impossible to reduce the coupling to a neg­
ligible value. 

-RADIATOR 

/BASE INSULATOR 

rr---< 

~ >- INPUT CONNECTION 

-SLEEVE 

GROUND 

Figure 1 - Diagram showing construction 
of cylindrical-sleeve-type antenna 

The interaction between the various antennas and between the antennas and the super -
structure will produce a definite effect upon the radiation patterns in the horizontal plane. 
Pattern measurements, which will be discussed in a separate report, reveal these influences 
but show also that a reasonably good omnidirectional pattern still exists. The influen~e of 
coupling will also change the input impedance from that determined with the individual 
antennas mounted on an infinite ground screen. Under some circumstances this effect might 
not be serious, but the antenna instalk.tion on the CLC-1 demands that tl:e impedance fall 
within certain limits and that SWR of not less than 0.3 be assured to permit effective 

1 
Walters, A. W. , "Sleeve Antenna Considerations for Task Fleet Flagship (CLC - 1)," 

NRL Report 3494 (Confidential), July 1949 
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9·26 MC 
ANfENNA 

_4-12MC 
ANTENNA 

~ FORWARD 

6- 16 MC 
ANTENNA 

Figure 2 - Diagram of CLC-1 installation of sleeve antennas 

multicoupler operation. 2 The CLC-1 antennas were designed, in accordance with previousiy 
determined standards,3 to achieve minimum physical size consistent with providing the desired 
impedance characteristics over a 3-to-1 frequency band. The study herein reported was 
carried out to determine the effect of intercoupling upon the impedance characteristics of 
the four antennas embracing the frequency range of 4 to 26 Mc. Due to the comparatively 
wide separation between the 2 to 6 Mc stack antenna and the four after antennas, intercoupling 
is negligible and may be ignored. 

SCALE-MODEL INSTALLATION 

To facilitate construction and mounting of the model, only the after portion of the vessel 
was included in the ~caled m'odel (Figure 3). A scaling factor of 70 to 1 was employed to 
obtain the values given in Table 1. The abbreviated structure, however, included all sig­
nificant elements. Provision was made to mount all four antennas, collectively or. individually. 
The antenna mounts were so constructed that a slotted line could easily be connected to the 
antennas from the underside of the model. The model was mounted on a vertical ground 
screen in a position that permitted all necessary impedance measuring eCT_uipment to be loca­
ted in back of the ground screen. 

2 White, L. R., "Theoretical Notes on a Method of Common Antenna Working in the High­
Frequency Band" NRL Report 37 60 (Confidential), November 1950 

3 Walters, A. W., and Huffman, L. C., "Experimentally Determined Characteristics of 
Cylindrical Sleeve Antennas" NRL Report 3354 (Restricted), September 13, 1948 . 
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TABLE 1 
Scaled Dimensions and Frequency Ranges 

Covered in Scale-Model Installation 

Scaled Scaled Dimensions 
Frequency Sleeve Sleeve Radiator 

Range Diameter Length Diameter 
(Mc) (in.) (in.) (in.) 

630 to 1820 1.0 1.53 0.036 

420 to 1260 1.5 2.3 0.054 

280 to 840 1.29 3.77 0.08 

Radiator 
Length 

(in.) 

2.74 

4.13 

5.83 

Figure 3 - CLC-1 model range for impedance measurements 

EXPERIMENTAL METHOD 

3 

The change in the input impedance of one antenna caused by coupling to other nearby 
antennas is dependent upon the terminating impedance of the parasitic antennas. For any 
given frequency the input impedance of one antenna may have an infinite number of values 
for an infinite number of terminating conditions for the other antennas. The multicouplers 
and transmission lines for the CLC-1 installation will present a wide range of impedances 
as terminations for the antennas. An investigation of all possible terminations is imprac­
ticable; therefore, a compromise method was applied. This method employed a series of 

• measurements of the impedance of each of the four antennas for limited conditions of 
terminations of the other antennas. Then by an analysis of the results it is possible to 
predict the endpoints or limits of impedance variation of any one antenna for all opera­
tionally occurring terminations of the other antennas. The measurements were made 
under the following four conditions: 

First: The model antenna to ba measured mounted on the ground screen with no other 
objects within coupling distance. 

Second: The antenna to be measured mounted on the ship model with no other antennas 
in place. 

Third: The antenna to be measured mounted on the ship model with the other antennas 
in place and each of these terminated in 50-ohm resista..1ce. 

_ ·i-~~ 

. ' ~ 
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Fourth: The antenna to be measured mounted on the ship model with the other antennas 
in place, and with two of the parasitic antennas terminated in 50-ohm resistance, and the 
third terminated in a short-circuited line stretcher. Since there were three parasitic anten­
nas, this fourth condition had three variations, i.e., the line stretcher connected to each of 
the parasitic antennas L "urn with 50-ohm loads being used on the remaining two parasitic 
antennas. In addition, t1 line stretcher was moved in steps through a range of one-half 
wavelength for each antE:nna to which it was connected. 

The impedance measurements were made with a General Radio slotted line in conjunc­
tion with several standard signal.generators and receivers. A standard method of measure­
ment was employed: the shift of the minimum current point, from its location with the 
slotted line short circuited, to its location with the slotted line terminated by the antenna, 
was determined. Tt.ese data, in conjunction with a measurement of the standing-wave ratio 
produced on the line by the antenna, were converted to input impedance values. , 

RESULTS 

First Three Conditions of Measurement 

These measurements were made with each antenna alone on the ground screen, each 
antenna alone on the ship model, and the measured antenna on the ship model with the other . 
three in place and terminated in 50-ohm resistance. As shown in Figure Al,* the 4 to 12 
Mc antenna exhibits no marked coupling effect to the superstructure. However, a notice­
able coupling effect to the other antennas appeared at 700 Mc. The 6 to 18 Mc antenna 
(Figure A2) shows some effect of coupling to the ship's superstructure at the high end of 
the frequency band. There is also coupling to the other antennas at 700 Mc. In Figures 
A3 and A4, both 9 to 26 Mc antennas show only slight effects of coupling to the ship's super­
structure or to the other antennas. 

To determine accurately the detrimental effects of this coupling on the performance 
of the antenna system, it is necessary to compute the SWR relative to a 50-ohm transmission 
line for each of the antennas. Therefore, the impedance-matching transformer theoretically 
designed for each antenna must be included in the computations. 

The impedance-matching transformers for each of the antennas are of similar design. 
The transformers include a series coil located at the base of the upper radiator section 
and a special impedance transmission line of proper electrical length connected between 
the series coil and the RG-17/U transmission line. The pa.rameters of the transformers 
for each antenna are given in Table 2. 

TABLE 2 
Parameters of the Impedance-Matching Transformers 

Antenna Series Coil Transmission Line 

4 to 12 Mc .03 µh 88.Qline, 0.103.\ at 250 Mc 

6 to 18 Mc .013µh 102.Qline, 0.08.\ at 400 Mc 

9 to 26 Mc .028µh 102.Qline, 0.08.\ at 600 Mc 

* Figures Al through All a .re in Appendix A. 
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The insulator capacity between the sleeve and radiator sections of the scale-model 
antennas was kept at a: minimum so that the impedance could be compared directly with 

5 

the original desigR data which were taken with a smaller scaling factor. In the practical 
design of the full-scale antennas, this insulator capacity would be more than the scaling 
factor times the capacity of the insulator on the model antenna. Therefore, since this 
insulator capacity is in parallel with the antenna impedance and thus affects the input imped­
ance of the antenna, the scale-model antenna impedance data were corrected so as to corre­
spond to a true scale model. The corrected data were used to compute the SWR on a 50-ohm 
line through the designed impedance transformer (Figures 4 through 7). 

Except for one region, a SWR greater than 0.3 was calculated for all antennas under the 
three measuring conditions. The one exception was in the 6 to 18 Mc antenna ( Figure 5) 
where the SWR was 0.19 at 700 Mc. This effect is caused by coupling to another antenna. 

" Either the 4 to 12 Mc or the 9 to 26 Mc antenna could be the source of this coupling effect. 
For this small portion of the frequency range a SWR of less than 0.3 is not considered a 
serious limitation. By a compromise in frequency selection or in the operation of the 
multicoupler this difficulty could be minimized. 

Fourth Condition of Measurement 

The fourth condition under which the impedance of the antennas was measured consisted 
of having two of the parasitic antennas terminated in 50-ohm resistance with the third para­
sitic antenna terminated in a short-circuited line stretcher. The line stretcher was then 
moved through a range so that the line length varied at least one-half wavelength for each 
condition. These terminations were then rotated so that the line stretcher appeared as a 
termination for each parasitic antenna in turn. 

Measurements obtained under these conditions presented a large quantity of data. The 
important information to be obtained from the data is the maximum variation in antenna imped­
ance fo.r the different line length settings. Therefore, the data were analyzed to obtain the 
upper and lower limits of variation in the antenna impedance. The summation of data was 
made by recording separately the minimum and maximum values for both the antenna resist­
ance and reactance at each frequeqcy. The minimum and maximum resistance points did not 
necessarily occur at the same line length setting as did the corresponding reactance points. 
The result of this analysis was to obtain a combination of resistance and reactance that repre­
sents the upper and lower limits of the greatest variation of impedance (Figures A5 through 
All). It should be noted that, for these measurements, data were not obtained for termination 
of the second 9 to 26 Mc antenna. This omission is permissible since the results from the 
first three measuring conditions did not show any significant additional coupling from the 
second 9 to 26 Mc antenna that was not also present for the other. 

The significance of the impedance variation plotted in Figures A5 through A 11 cannot be easily 
evaluated until the data have been converted to the SWR with respect to a 50-ohm transmission line. 
As in the problem of presenting the impedance data, it is necessary to analyze the possible varia­
tion of SWR to determine the upper and lower limits. From the four combinations of maximum and 
minimum resistance and reactance values a maximum and minimum value of SWR was obtained. 

• \ 
This simplified method of analysis gives a minimum value of SWR which in general will 

be less than the actual for the worst condition in practice. On the other hand some inter­
mediate value of impedance may give a SWR greater than the maximum value calculated 
above. The SWR for these impedance values was computed in the same manner as that used 
for these computations for the first three conditions of measurement. 

In Figures 8 through 14, the computed SWR on a 50-ohm line is plotted as a function of 
the frequency. The SWR for the 4 to 12 Mc and 9 to 26 Mc antennas was always greater than 
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Figure 4 - SWR on 50-ohm transmission line for 4 to 12 
Mc antenna including the impedanc_e matching transformer 
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Figure 5 - SWR on 50-ohm transmission line for 6 to 18 
Mc antenna including the impedance matching transformer 
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800 1000 1200 1400 1600 1800 
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Figure 6 - SWR on 50-ohm transmission line including 
theimpedancematchingtransformerforthe9 to 26 Mc 
antenna adjacent to the 6 to 18 Mc antenna 
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Figure 7 - SWR on 50-ohm transmission line including 
the impedance matching transformer for the 9 to 2 6 Mc 
antennaadjacent to the 4 to 12 Mc antenna 
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0.3 for all frequencies. The 6 to 18 Mc antenna with the 4 to 12 Mc antenna. terminated in a 
variable impedance and, with both 9 to 26 Mc antennas terminated in 50 ohms (Figure 10) 
showed a SWR greater than 0.3 except at 700 Mc. At this frequency the SWR varied betw;en 
0.24 and 0.17. A comparison of Figures 10 and 5 shows that this low value of SWR at 700 Mc 
is due to coupling to the 9 to 26 Mc or the 4 to 12 Mc antenna. 

In Figure 11, the SWR-for the 6 to 18 Mc antenna is given as a function of the frequency 
for 4 to 12 Mc antenna terminated in 50 ohms and the other 9 to 26 Mc antenn::i, terminated 
in a variable impedance. The SWR is less than 0.3 at 700 Mc and between 1200 and 1300 Mc 
and the minimum value of SWR is less than 0.3 at 850 Mc. A comparison of Figures 5, 10, 
and 11 shows that the low value of SWR at 850 Mc and between 1200 and 1300 Mc is due to the 
coupling to the 9 to 26 Mc antenna. The low value of SWR at 700 Mc is again caused by 
coupling to the 4 to 12 Mc or 9 to 26 Mc antenna. The frequencies for wilich the full-scale 
antenna may have a SWR less than 0.3 are 10 Mc, 12.1 Mc, and between 17.1 and 18 Mc. 

The SWR for the 6 to 18 Mc antenna, Figure 11, at 850 Mc and between 1200 and 1300 Mc 
can vary through a large range of values depending on the h.rmination impedance of the para­
sitic antennas. The minimum value of SWR is less than 0.3 at these frequencies. The maxi­
mum value of SWR, however, is greater than 0.3 by a large margin. This means that by 
selecting the proper impedance for the termination of the parasitic 9 to 26 Mc antenna, a 
SWR greater than 0.3 can be maintained at 850 Mc and between 1200 and 1300 Mc for the 6 
to 18 Mc antenna. The equivalent load impedance terminating the 9 to 26 Mc antenna can be 
varied through a large range by small changes in the length of the 50-ohm line between the 
multicoupler and the antenna. This is evident from the fact that a half wavelength of RG-17/U 
at 12.1 Mc is 6.3 feet. Thus all four antennas, namely, the 4 to 12 Mc, the 6 to 18 Mc, and the 
two 9 to 26 Mc antennas, will present a SWR greater than 0.3 at all frequencies except for the 
6 to 18 Mc antenna at 700 Mc. 

CONCLUSIONS 

The four broadband antennas designed for installation on the after deck of the Task Fleet 
Flagship, CLC-1, have been the subject of a study to determine the effects of intercoupling 
upon the impedance characteristics of the antennas. 

(1) The broadband characteristics of the 4 to 12 Mc transmitting ante1;ma were not 
appreciably affected by intercoupling and a SWR greater than 0.3 could be maintained over 
the entire frequency band. 

(2) The impedance characteristics of the 9 to 26 Mc antennas were not appreciably 
impaired by the intercoupling which prevafled and a SWR greater th~.n 0.3 could be maintained 
over the band of 9 to 23 Mc. 

(3) The broadband characteristics of the 6 to 18 Mc antenna are such that a SWR of 0.3 
or greater is maintained throughout most of the frequency range. Over narrow bands of 
frequency, at 10 Mc, 12.1 Mc and between 17.2 and 18 Mc, the SWR may fall below the desired 
value of 0.3. The 10-Mc point can be improved by adjusting the length of the transmission 
line feeding the 4 to 12 Mc antenna. A SWR of 0.24 which will not serl,:msly limit performance, 
can be obtained in this manner, and the SWR will not be less than this value regardless of the 
line lengths associated with the 9 to 26 Mc antennas. The deficiencies existing at 12.1 Mc and 
t-etween 17.1 and 18 Mc can be co.'.'rected by selecting the proper lengths of transmission lir..e 
for the 9 to 26 Mc antennas. (The line lengths referred to are those between the antennas 
and their associated multicouplers.) 
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350 450 550 650 750 850 
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Figure 8 - Range of SWR for 4 to 12 Mc antenna with 
6 to 18 Mc antenna terminated in a varied impedance 
and both 9 to 26 Mc antennas terminated in 50 ohms. 
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Figure 9 - Range of SWR for 4 to 12 Mc antenna with 
9 to 26 Mc antenna terminated in a varied impedance 
andwith6to 18Mcand9 to 26 Mc antennas terminated 
in 50 ohms 
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Figure 10 - Range ofSWRfor 6 to 18 Mc antenna 
with 4 to 12 Mc antenna te r minated in a varied 
impedance and both 9 to 26 Mc antennas 
terminated in 50 ohms 
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Figure 11 - Range of S WR for 6 to 18 Mc antenna 
with 9 to 26 Mc antenna terminated in a varied 
impedance and with 4 to 12 Mc and 9 to 26 Mc 
antennas terminated in 50 ohms 
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800 IOOO 1200 1400 1600 1800 
FR EQUENCY (MC) 

Figure 12 -RangeofSWRfor9to26Mcantennawith4to 
12 Mc antenna terminated in a varied impedance and with 
6to 18 Mc and 9 to 26 Mc antennas terminated in 50 ohms 
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Figure 13 - Range of S WR for 9 to 2 6 Mc antenna with 6 to 
18 Mc antenna terminated in a varied imp edance and with 
4 to 12 Mc and 9 to 26 Mc antennas terminated in 50 ohms 
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Figure 14 - Range of SWR for 9 to 26 Mc antenna with 9 to 
26 Mc antenna terminated in a varied impedance and with 
4 to 12 Mc and 6 to 18 Mc antennas terminated in 50 ohms 
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(4) The performance factors herein described do not take into account probable distort­
ing effects relative to antenna patterns. 

(5) The data presepted apply specifically to the four antennas located on the after deck 
of the CLC-1 and do not constitute a generalized analysis of intercoupling between sleeve 
antennas. 

(6) It is concluded that it is possible to achieve efficient·multicoupler operation with the 
system of antennas described. 

(7) The method of analysis employed permits the presentation of extensive data in 
simplified form. 

* * * 
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APPENDIX 
Graphs of Impedance Measurements 
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ing the effect of coupling to the ship's superstructur e 
and to the sleeve ar tennas 
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Figure AZ - Impedance of 6 to 18 Mc antenna 
showing the effect of coupling to the ship's ' 
superstructure and to the sleeve antennas 
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Figure A3 - Impedance of 9 to 2 6 Mc antenna adjacent 
to 6 to 18 Mc antenna showing the effect of coupling to 
the ship's superstructure and to the sleeve antennas 
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Figure A4 - Impedance of 9 to 26 Mc antenna adjacent 
to 4 to 12 Mc antenna showing the effect of coupling to 
the ship's superstructure and to the sleeve antennas 
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Figure A6 - Range of impedance variation for 4 to 12 
Mc antenna with 9 to 26 Mc antenna terminated in a 
varied impedance and with 6 to 18 Mc and 9 to 26 Mc 
antennas terminated in 50 ohms 
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