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ABSTRACT 

This report covers work done on Contract No.   NObsr-57448.   Index No. 
NE-091035 ST7,   at The University of Tennessee during the month of 
August  1953. 

The following was accomplished 

1. The characteristics of an antenna consisting of several concentric 
rings of vertical monopoles were investigated. 

2. More vertical patterns of the tilted-V    or M.iypole,   antenna were 
calculated in order to obtain more information on the effect on 
the pattern of the various antenna parameters. 

3. Another source of inform ition concerning angles-of-arrival was 
located. 
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PART I 

Purpose 

This project involves the development of a high frequency steer.ible 
antenna having the following characteristics: 

1. It shall be operable throughout the frequency range of 4 to 32 
megacycles per second 

2. It shall be capable of four,   or more,   simultaneous transmissions 
on different frequencies,   and at different azimuth and elevation 
angles. 

3. P'or each transmission,   it shall be capable of being directed to any 
azimuth angle and to any elevation angle between the horizon .md 
30° above the horizon. 

The communication system shall provide reliable 24-hour day-to-day 
communication with a 20 dec.bel signal-to-noise ratio.    The ranges to 
be covered are from approximately 500  nautical miles to 4000 nautical 
miles. 

The development consists of two ph tses 

Phase I      Theoretical and experimental studies. 

Phase II.    Development of design criteria 
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Detail Factual Data 

1. Aside from the installation of the pattern recorder,  the construction 
of the antenna test facility is essentially completed.    It will be nec- 
essary,  of course,   to make additions and improvements from time 
to time,  as the need arises. 

2. An investigation h.is been undertaken to determine the feasibility of 
employing several concentric circular ring antenna arrays of ver- 
tical elements with a single element in the center to provide the 
characteristics necessary for the present project.    Such an array 
can be made to provide a directional,   steerable pattern that is 
independent of frequency by proper choice of the total current in 
each of the concentric rings with respect to the current  in the center 
element.    It has been found that the field of an omnidirectional single 
circular ring array is given by 

„       n     J(wt+n4)   .    / 2»p , E « j    I c .It —r^- cos J.) n       A 

when n is the number of complete cycles of phase shift around the 
ring,   and is an integer.    1 is the total current in the ring,  p is the 
radius of the ring,      .   the angle of elevation,   and 0 is the angle of 
azimuth.    This equation is correct only if a sufficient number of 
elements   ire used in the ring. 

If sever.il concentric rings ..re used the field from the kth ring is 

2*pu n jn0 
E - j    Iuc

J"*J   (-JT^   <os-) 
k n       A 

ltJt 
with (.       understood 

Let a single element be added at the center of P-l concentric rings 
and let the current in the center element be I   /P.    Let the number 
of cycles of ph ise shift n be equal to the number k of the ring with 
the larger ring h.ivmg the greater number of cycles of phase shift. 
Let the tot.il current in each ring be I, /P,  and choose the phasing 

such that c      becomes C Then since j     is equal to € 
the field from each ring is 

'k      ik4 2wpk 
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and the total field from all rings plus the center element is 

B     .     o k     ,   .      Kk .   jk$ ET   T*A7 Jk( — C08*)c 
k- 1 

At  £•   * 0,   cos £> •   1 and 

I B: !k 2#pk k« k    j,.(-^JL-)f>k* ET"^+  ffh   P   -k'    * 

Now let I. 
1 
o 

2»Pk 

Then at /"^   * 0 

T      T5 £-,    P 2»p, 

V    x 
k        A 

and 
1 H-1 1 

E     -   -?  *    > -5- <jk* T      P       if-. P k; 1 

or 
1       ^        UA 

This reduces to 

, BlnPt     j?(P-l) 
E      •   -^-     5—   t 

T        P i sin   - 

which is independent of frequency. 

sin P* 

The term 
TsTnT 

produces an azimuthally   directional pattern that 
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is dependent on P,  with the beumwidth decreasing as P increases.    This 
fum tion has been plotted for several values of P and is shown in Figure 
1 

It is apparent that the relation 

I 

k 2*p 
J  ( ~   ) 

k       X 

must hold for all values of frequency if the pattern is to remain unchanged, 
ind that the pattern will remain constant only at z^   - 0   ,  or in the ground 
plane.    However,   a pattern constant over a range of frequencies may be 
obtained   it any particular elevation angle  £±' by making 

I 
o 

k "        ~?*P. 
J.(   -r-i   COS-'   ) 

k       X 

The frequency range considered for this project is from 4 to 32 mega- 
cycles,   and the wavelength X varies from 246 feet at 4 mc to 30. 7 feet 
it 32 me,   or,   over a range of eight to one.    Thus,   with fixed radii,   the 
argument of the Bessel func '.ions (2*p   IX ) will also vary over an 8 to 1 
range.    Investig ition of tables and curves of J   (x),   with constant  p and 

varying x,   shows th it for p   > 3 the value of J   (x) will either become 

prohibitively small,  or p iss through zero  as x is varied over a range 
of eight to one.    Since from the standpoint of beamwidth more than three 
rings are necessary,   the total currents in the rings other than the first 
three will become ex( eeiimgly luge if the pattern is to remain unchanged 
over the entire frequency range. 

I Investigation of K.gure  1 shows that at least eleven rings will be necessary 
to produce a beamwidth sufficiently narrow for the present project.    It 
is impossible to maintain practical values of ring currents throughout 

2'Pk the entire frequency range because of the variations in J   ( ——   ).    Us- 

able current values can be maintained if narrow frequency bands,   .it 
which the various Bessel   functions pass through zero,   are omitted.    The 
radii and the number of elements necessary for such an array are de- 
pendent on the range of values over which the Bessel   functions are allowed 
to vary,   and for one practical case the radii were of the order of 4U feet 
for the inner ring and 300 feet for the outer ring,   with a total of 733 ele- 
ments necessary.    The complexities of feeding,   phasing,   and maintaining 
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such an array for the purposes of the present project appear to 
make it beyond the realm of practicality. 

The investigation of tilted-V,  or Maypole,   antennas continued. 
More calculations were made of vertical patterns through the plane 
of symmetry of the antenna,   and these calculations are now being 
checked.    These patterns ire to c-how the variation in the vertical 
plane caused when one of the following three antenna parameters 
is varied and the other two are held constant     leg length,   height 
and included angle. 

It has been learned that in June 1953 the Signal Corps Radio Prop- 
agation Unit issued a report which includes considerable data on 
ingles-of-arnval.    A > opy of this repor' has been requested.    It 
is considered unwise to  iHempt to complete the propagation cal- 
culations until this   iddi'ional information is obtained. 

An investigation w is s< irted to determine the possibility of accom- 
plishing vertical steering of the antenna beam of using two rhombics 
stacked vertu illy. 
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Legend:   |HH[    Work Performed 

Date      10 September  1953 

Period Covered:    1/8/53 to 31/8/53 

Operation 

Subject 

1952 1953    > ' 

S O N D J F M \   M J J \ S i) N 

1. Development of Field Test 
Facilities. 

2. Study of Propagation Problem. 
a. Investigation of paths lying 

entirely in night region. 
b. Investigation of paths lying 

entirely in day region 
c. Investigation of paths lying 

partly in day and partly in 
night region. 

d. Investigation of auroral re- 
fraction. 

e. Investigation of angles-of-arrival. 

i 

H 
•    1    )    '     t    }    f    '    }    t 

'     I     IT     t    T 

— 

3.     Determination of Suitable Antenna 
Type or Types. 
a. Search of literature. 
b. Theoretical study. 

1 
t 

= 

4.    Detailed Theoretical and Experi- 
mental Investigation of Most 
Promising Antenna Types 

1 

5.    Development of Network System 
Suitable for Driving Array. 

6.    Experimental Study of Final 
Array. 

7.    Preparation of Phase Report. 
i 
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Conclusions 

1.      The intenna consisting of sever d concentric rings of vertical 
monopoles does no' appear to be a practical solution to the prob- 
lem outlined for the project. 
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PART II 

Program for Next Interval 

1. Experimental work will be initiated on the circular traveling-wave 
antenna. 

2. Very likely the limited investigation of the Maypole antenna will 
be completed. 

3. It is believed that it will be possible to obtain more information 
on angles-of-arnval. 

4. The investigation of the possibility of accomplishing vertical 
steering of the antenna beam by using two rhombics stacked ver- 
tically will be continued 
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