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This report describes a di rective antenna system de­
veloped by t he Naval Research Laboratory for use in conjunction 
with the Blanket system of communication in the 6 t o 15 Mc band 
on Essex-c la ss aircraft carriers • . Ra4Jation- pattern measurements 
conducted wi th this dir ective ant enna i nstalled on the starboard 
side of an Essex-class carrier (CV-39) have demonstrat ed that the 

- proposed antenna system has the desired characteristics and ful­
f i lls the problem requirement s. The radiation pattern s indic ate 
beam widths in the order of 50 to 60 degrees for ionosphere t rans­
mi ssion and 65 to 80 degrees for free-space transmissi on; front­
to-back f ield s trength ratios greater than 3 to 1 are also in­
dicated over the speci fied f r equency range. The antenna sys tem 
can be energized by stan:l ard Navy-type transmitters such as t he 
Model TBK series, and offers no interference to topside :fighting 
equipment. 

Sub sequent inspections of the aircraft carri ers CV- 33 
and CV-15 have shown tha t thi s proposed directive antenna can 
be installed on both s ides of this type o:f vessel. This fact 
greatly increa~es the u sefulness of t he antenna system for the 
intended service. Additiona l radiation .. pattern measurements will 
be necessary however to determine the optimum spacing below the 
flight-deck level or a bove wa ter for antennas in these proposed 
~frnal locations, so that sati sfactory radiation patterns will b e 
assured. 

For all pract~cal purposes this directive antenna 
system radiates only hori zont ally _polarized energy. This feature 
gives the communication .. circui t inherent security and anti-jam 
characteristics which are not possible wi 'tflthe usual shipboard 
communication antennas. In addition, this antenna has a number 
of other operational and electrical characteristics which are 
desirable for transmitting and receiving ant~nnas, but which are 
lacking in most shipboard communication antennas. Therefore the 
antenna system described herein hes definite possibilities for 
use as a general communication antenna in the 6 to 15 Mc bend 
aboard ship. 

The antenna system requires a balancing circuit and en 
i mpedance-matching network between the transmitter and the an­

- ~enne . These circuits are incorporated into a single ~oupling 
unii, and two such units, designed ror installation aboard ship, 
have been constructed. Each coupling unit includes a balance-
indicator circuit wt.ich f~cilitates accurate adjustment of the 
system for highest operating efficiency. The system also includes 
an antenna-selector unit which permits switching r-f power to 
t ne- desired -antenna system; such a unit has also ~een designed 
and constructed. 
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INTRODUCTION 

1. Operational tests of the Blanket system of communicati on 
i n the Naval service indicated the need for a directive antenna 
t o operate within the frequency range of 6 to 18 Mc on several 
types of Naval ships . The operational requirements of this an-

- tenna are that it be excited by a regular Navy type transmitter , 
such as the Model TBK series, that the beam width be of the order 
o.f 120 degrees , and that the front-to-back ratio of field s trength 
be not less than 3 to 1. Furthermore, it i s required t hat -the an­
tenna offer no interference with topside fighting e quipment . 

2. Reference 1 authorized the development of s uch an 
antenna for large submarines and Essex-class aircraft carriers . 
In accordance with this authority, the Na val Resear ch Laboratory 
has developed a directive antenna system for communicat ions in 
the frequency range from 6 to 15 Mc on Essex-class aircraft 
carriers . Reference 2 describes a preliminary model of t he 
proposed antenna system and s hows the results of pr eliminary 
measurements. Reference 3 describes a test i nstalla t ion on 
the starboard side of the aircraft carrier CV-39 and s hows re­
presentative radiation patterns obtained wi th this inst alla tion. 
The results of t hese measurements were satisfactory and led to an 
investigation of the possibilities of installing an ant enna on 
both s ides of the s hip. This i nvestigation~ discussed in part 
in r eference 4 but covered in detail herein, revealed that the 
proposed antenna system can b e installed on both sides of the 
ship. 

J. As indicated in References 2 and 3 , -the antenna i s 
a horizontal , two-element, ba lanced collinear antenna, center-
fed by an open, two-wire feeder line. The antenna syst em r equires 
a balancing circuit and an impedance-matching network between 
the transmitter and the antenna in order that balanced r-r power 
will be delivered to the antenna. These circuits have been incor­
porated i nto a coupling unit which is relatively simple to adjust. 
Two coupling units, designed for installa tion a board ship and 
which could remain .a pa~t of the ship' s e quipment have been con­
structed by the Naval Research Laboratory. Each coupling unit · 
includes a balance-indicator for determining when the r-f voltages 

_ on the ant~nn~-f_e.eder lines · are equal in magnitude but opposl te-· ~ 
lrr phase .- The se units thus serve to eid the operator in arriving 
at the correct a djustment of the ante!lll-a system. An antenna­
sel ector unit is reouired at the transmitter. This unit permits 
switching the transmi tter output t o either of the two proposed 
dir ective antenna systems, t o the regular non-directive antenna, 
or to~ 50•ohm d ummy antenna load; the dummy load is used in pre­
tuning t he transmitter before switc~ing t o one of the directive 
antennas. · 

4. Thi s report covers the t heoretical design considerations 
invol~ed in the problem and points out certain inherent advantages 
of this antenna system over the usual shipboard communication 
antenn3s for the .6 t o 1i; M~ h!"\nn 'T'h"" n.o c,,f,...,.;:i·~-:--::::~:-:::-:::; ,.__.p ·~ -
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antennas for a permanent installation aboard ship are pointed 
out, and a description of the various units required in the an­
tenna system is given. A further discussion of the radiation­
pattern measurements made aboard ship, which were previously 
reported in Reference 3, is also given. 

5. Satisfactory locations from a physical viewpoint have 
been found for the installation of the propo-sed antenna system 
on both sides of the ship. However, the optimum l ocation of the 
antennas from an electrical viewpoint cannot be determined by 
theoretical considerations alone. Further radiat i on-pattern 
measurements are necessary to determine t he opt imum compromise 
between a desirable radiation pattern i n the vertical plane and 
an acceptable front- to-back ratio of field strengt h . 

THEORETICAL CONSIDERATIONS 

6. General. A number of types of direct ive a ntennas have 
been developed for operation within the f requency range of 6 to 
20 Mc. The space requirements for most of these antennas however 
is too great fo r i nstallation aboard ship. Consideration of the 
problem s t a ted in Reference 1 showed that the most promising 
types of directive antennas for shipboard appli cation would be 
a horizontal antenna with a r eflecting screen , or an i nverted "V" 
antenna. The inverted "V" antenna can be mounted on several 
types of Naval ships, but the r equired height of the a pex of the 
"V" would probably make this antenna impractical for submarines . 
In most cases the antenna wou ld have to be mounted along or 
near the centerline of t he ship . This could offer interference 
to topside fighting equipment, and the ship's s~perstructure as 
well as other communication ant enna s would probably distort the 
directional radiation patterns. Fur thermore, this type of antenna 
will radiate or receive vertically polarized energy an~ there­
fore does not possess the inherent security and anti-jam char­
acteristics of a horizontal a ntenna. 

7. The hori zontal antenna is adaptable t o Essex and Midway 
class aircraft carriers if the frequency range is. limited to 6 
to 15 Mc. The reflecting screen can be provided by arranging 
the antenna lengthwise along and outboard from the ship' s hull. 
It may be possible to adapt t his type of antenna to battleships 
and cruisers if the lower frequency limit is r a ised to about 
12 Mc. When properly adjusted, only hori zontal ly polarized energy 
is radiated , and f or certain cla sses of militar y communications 
this featu~e offers several d istinct advantages over the usual 
shipboard communication antenna s for this frequency band. These 
advantages, some of which are discussed f urther in paragraphs 32 
to 35,are l isted below. 

(a ) For transmission: 
(1) The inherent h igh attenuation of the ground wave 

in horizontal polarization and the use of ionosphere transmi ssion 
provide security against direction finding and intercept within 
the skip zone, except at extremely c l ose ranges. 
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(2) By proper choice of frequencies the skip zone can 
be made 1000 miles and possibly up to 2000 miles wide, providing 
the communication range is sufficiently great. 

(3) The directional characteristics of this antenna 
are not influenced by the shi p's superstructure or by other an­
tennas aboard ship. Thus the direction of maximum radiation is 
a l ways known. This is not true for the usual shipboard communi­
cation antennas. 

(4) The directional characteristics of this antenna 
in both the horizontal and vertical planes give it a power gain 
of several db over a vertical dipole i n free space. 

(5) Additional power gain i s obtained as compared to 
the usual shipboard communication antennas as a result of the 
accurate impedance matching required i n this antenna system. 
This gai n is realized in both transmission and reception. 

(b) For reception : 
(1) It is impossible for an enemy loca t ed within the 

skip zone to jam signals received through this directive antenna 
because it is insensitive to vertically polarized radio waves . 

(2) The power gain realized i n this antenna tends to 
increase the signal-to-noise ratio a t the receiver; thus the 
effectiv~ sensitivity o~ the receiver is increased. 

(3) This increase in effective receiver sensitivity 
can produce a considerable increase in t he communicati on range 
as compared to the usual shipboard communication antennas. 

{4) Interference from a ny one source can be reduced 
by maneuvering the shi p so that the antenna gain is mi nimum in 
the direction of the interfering si gna l. 

8 . As a result of these considerations, a horizontal an-
tenna was ehosen as the one having t he greatest number of desirable 
characteristics for the intended s ervi ce . A two-element, balanced 
collinear antenna, center-fed by a n open, t wo-wire fe eder l ine 
was selected because of the ability of t his type o f antenna to 
operate over a wide range of frequencies wi th no loss i n e f ficiency . 
Reference 1 indicates 6 Mc to be t he l ower limit of the r equired 
frequency range . The maximum electrical length t he antenna can 
have at any frequency within t he r equired ba nd and still produce 
the desired radiation pattern is 5A/~ .. Th is will be the length 
at the highest operating fre quency. Cons ideration of such factors 
as an acceptable front-to-back ratio , radiation pa t tern i n the 
horizontal and the vertical planes , radiation re sis tance , and 
range of impedances to be matched leads t o the conclusion that 
the minimum length of the a ntenna should be about A/2 a t the 
lowest operating frequency . Such an antenna can t hus be used 
over a 2. 5 to 1 range of frequen'cies , or from 6 t o 15 Mc. The 
antenna length then should be 5"'A./4 a t 15 Mc , which is t he equivalent 
of 82 feet leach element of t he antenna wou1n hP. Jcl t'PP t . ,~n~\ 
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The out board spacing of the antenna i s governed by the radiation 
resistance at t he lowest operating frequency (6 Mc ) . If this 
spacing is less than about ~/10 at this. frequency t he -radiation 
resistance is seriously effected and the system woul d be diffi~ 
cult to ad j ust . The outboard spacing chosen i s 15 feet which is 
appr oxi mately ~ / 10 at 6 Mc. The spacing of the ant enna below 
the upper edge of the reflecting screen (or below t he flight­
deck level) , must be about the same as the out board s pacing in 
order to obtain the desired front-to-back rati o (3 t o 1) . The 
height of the antenna aboYe water governs the radia tion pattern 
in t he vertical plane; as this height increases , t h e vertical 
angle of radiation decreases. It is desi rable that this vertical 
angle of radiation be as l~w as practicable, end should be in the 
order of 10 degrees for lori~ range ionosphere transmission ~ The 
vertical height of the ships hull f r om the water l i ne to the 
f l ight deck is not sufficient to obtain the optimum pattern in 
the vertical ·plane. The optimum compromi se between t he height 
above water which will produce an accept able vertical pattern 
and a distance below t he flight-deck l evel which will pr oduce . 
a satisfactory f ront-to-back ratio can b e determined approximately 
by calcula tion but must be determined f inally be measurement of 
radi ation patterns f'or the syst em install ed aboard s hip. 

9. In order to maintain verticall y polarized r adiation at 
an a bsolute minimum, the currents supplied to the t wo elements 
of the antenna must be equal and must be 180 degrees out of 
phase ; furthermore, the impedances presented by t he antenna must 
be matched to the impedance of the t ransmission l ine from the 
transmitter. Thus a balancing circuit and an impedanc~-matching 
network a r e required between the antenna and the tran smitter. 
A block di agram and a schematic diagram o f the system are shown 
on Pl a·t es 1 and 2 r espectively. These circuits are di scussed 
in paregr aphs 13 to 16 herein. 

10. Desired Location of Antenna. I n order to obtain t he 
desired directional radiation pattern, a reflecting screen i s 
necessary; this screen is provided by the side of the ship by 
installing the antenna parallel to and outboa r d f rom t he hull, 
and somewhat below the flight-deck level. It is essential f or 
the r eflecting screen to present a vertical plane ; i . e . the sur­
face should be vertical and have little or no cur va ture. Further­
more , the reflecting screen should be relatively free from large , 
protruding obstructions. These factors play an i mpor tant part 
in reduci ng vertically polarized radiation to an absolute mini­
mum. In the test installation on the carrier CV- 39 ( s ee Plate 3 ) 
the island superstructure formed a part of the reflecting screen; 
t hus it was possible to locate the antenna only 10 f eet below 
the f l i ght~deck level or 43 feet above the water and s till have 
adequate r eflecting surface to keep the back r adiati on within the 
problem r equirements (front•to- back ratio at l east 3 t o 1). In 
t he proposed final ins talla ti ens ( see P lates 4 and S) 1 the island 
supe rstructure cannot be used as part of the r eflecti ng screen : 
ther efor e the antenna mus t be mounted farther below t he flight ~ 
deck l evel or closer to the water in order to provide the necessary 
height of screening surface. Normally the fli~ht deck is ~O t o 
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• 
55 feet above water . It can be shown that in order to maintain 
a vertical angle of neximum radiation in t ·he order of 30 to 40 
-degrees over the frequency range of 6 to 15 Mc, the height of 
tbe antenna above water should not be less than 35 feet; this 
makes 20 feet the maximum spacing for the antenna be l ow the flight­
deck level . I n addi tion, the antenna mus t not i nterfere with gun 
f i re or any normal activities aboard shi p . These various factors 
severel y limit the number of s uitable loc ations . The proposed 
locations discus sed herein will r equire t he use of a 50-ohm co­
axial transmission l ine , 300 t o 350 feet in length , b_etween the 
transmitter and each antenna l oca tion. 

11. Antenna Impedance . The outboard sP3ci ng of t he antenn a 
requir es the use of an open , t wo-wire t ransmission l ine between 
the coupling unit and the f~ea point of tl!e antenna. The antenna 
impedance at the f eed point can be determined with the a i d o f 
available antenna- impedance charts .* These impedance cha rts a re 
for a ntennas in f r ee space, wherea s the subject antenna has a 
ref lecting screen; the addi t ion of this reflecting screen, h ow­
ever, at t he spaci ng used would not introduce an appreciable e rror 
in the calculations. The antenna impedance as it appears at the 
input end of the t wo-wire transmi s sion, or feeder, line can be 
computed from the known values of antenna impedance, and the length 
and impedance of t he feeder line. These calculations provide 
the data necessary for the de sign of the balancing and impedance­
matchi ng circuits. The calculations are based upon the following 
desi gn factors: 

( a ) Antenna length - 82 feet (two elements 41 feet each) 

( b ) Feeder l ine length - 17.5 feet (includes lead-in con-
nections ) 

( c ) Feeder l ine impedance - 466 ohms 

( d ) Antenna cable size - 5/16-inch diameter (stranded) 

The resul ts of these calculations are tabulated in Table 1, and 
are shown graphically on Plates 6 and 7. 

12. Consider ati oh was given to the most practicable spacing 
for t~e t wo-wi re f eeder line. The sapcing chosen is 7-3/4 inches, 
for which standard , c eramic spacer insulators are commercially 
available . This s pacing, with 5/16-inch cable, gives a surge 
impedance of 466 ohms . This impedance serves to transform the 
impedances a t the feed point of the antenna to another range of 
values appearing at the input end of the feeder line; these im­
pedances are of an_ or der of magnitude such that they can be matched 
to the 50- ohm coaxial transmission line by the impedance-matching 
and balancjng cir cuit s . Plate 7 indicates a range of resistance 
from 35 to 2800 ohms and a range of reactance from plus 360 ohms 
to minus 640 ohms. The impedance (R ± JX) over the frequency 

* Har'trnrd Universi ty "Notes on Antennas", Charts 7 and 8 
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range varies from a nunimum of 35 + JO which occurs at 12.65 Mc, 
to a maximum of 2800 - J480, mich occurs at 7.5 Mc. The impedance­
matching network and the balancing circuit must be designed so 
as to ma tch this range of impedances to t he 5O-ohm line from the 
transmitter. 

13. Balancing and Impedance-Matching System. In this or 
any similar antenna system it is necessary to match the feeder­
line input impedance to the transmission line impedance. From an 
electrical viewpoint the desirable arrangement would be to balanc e 
the system at the transmitter and match the impedances at the an­
tenna . From an operational standpoint the desirable arrangement 
would be to perform both operations at the transn itter . Neither 
of these a rrangements i s -practical, the former being difficult . 
to adjust, while the la t ter results in a poor standing wave r atio 
on the transmission l ine , and in impedances which would be diffi­
cult to ma tch. The most practical system investigated was to 
both balance the syst em and match impedances at the i nput end of 
t he antenna-feeder l i ne or as close as possible to the antenna. 
This arrangement also ha s the advantage of requiring but one 
coaxial t r ansmission line. 

14 . The first cons ideration in the design of the balancing 
and impedance-matchi ng circuits is that there are four condit ions 
to be sati sfied in order to present a 5O-ohm load to the trans­
mission l i ne and provide a balanced input to the antenna . These 
conditions are as follows: 

(a) The resistance presented to the transmission line must 
be ·50 ohms. 

( b) The reactanc e presented to the transmission line must 
be zero Ohms. 

( C ) The feeder-line currents must be equal. 

( d) The feeder- line currents must be 180 degrees out of phase . 

In order t o sa tisfy these four con·di tions it is neces;sary to pro­
vide a mini~um of four variables in the balancing and impedance­
matching circuits. From an operational viewpoint the first con­
sideration in these ci rcu~ts is simplicity and ease in tuning and 
adjustment. This requires that there be a minimum of interaction 
between the circuits. Theoretical con siderations which were veri­
fied by actual operation of the ante::r.1a system have indicated 
that the circui t s shown on Plate 2, Fi g. 1 have the desired char­
acteristics . No other arra ngements w0re found during the investi ­
gation which had less interaction bet'Neen t he balancing and the 
impedance-matchi ng circuits. It will be o bserved in t h is dia­
gram that the circuits contain nine va riable element s. However, 
in operation the balancing capacitors C1 and C2 are l ocked in 
one position and the capacitors of the pi-network are ganged i n 
pairs. Thus four cont rols are eliminated during the pr ocess of 
tuning the system. It has been found experimentally that the in­
ductances follow a def inite curve over the frequency range and 
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therefore they can be calibrated. The pi-network capacitors do 
not follow a curve, but observation of the meters provided in 
the system make proper adjustment of these capacitors unmistak­
able. Thus the adjustment o r the system is made relatively simple 
and straight-forward bv means of five controls. 

15. Balancing Circuit. An analysis of this circuit 1s given 
in Appendix l herein. Briefly, the circuit serves to ;;b~lance 
the output from the transmitter and thereby provides a balanc·ed 
input to the i mpedance-matching pi-network. The balancing cir­
cuit also transforms the 50-ohm impedance of the transmission 
line to a higher impedance (about 200 ohms over t he frequency 
range of 6 to 15 Mc.} and th4s reduces the overall range of im­
pedance which the pi-network must cover in order to properly 
match the feeder-line input and transmission-line impedances. 
It is shown in Appendix l that if the r esistance of i nductance 
L1 is zero, then capacitors Cl end C2 will be equal . However, 
since the resistanc e of L1 is not zero, the capacitive reactance 
of C1 and C2 must differ s1ightiy in order to obtain a balanced 
output voltage from the circui\ . Th~ primary consideration in 
selecting t he ca pacity of c1 is that the oapacitive reactance 
s hould be suffic iently high so that th~ capacitive reactance of 
C2 will remain essentially cons tant over the required frequency 
range. Und~r these condi tions capaci~ors Cl and 02 could be 
fixed values ~nd the output voltage fro~ t pe ci~c~it would be 
approximately balan~ed. Sltght correcti~ns for any unbalance 
can be made by means of the i~ductances in the imp~4apoe-ma tching 
pi- network. Another fa~tor to be con~idered iQ ~h~ ~hoice of. the 
ca.paci t y of C1 i a the output i mpeda~ce of the bal~ncing circuit. 
This impedance should be primarily resisttv~ in ord~~ to simplify 
matching to the feeder-line input impedanc e by the pi-network. 
The numerical values of C1, C2, and L1 nave been computed from t he 
design formulas at the end of Appendix land are shown in Table 
4 . The resistance values R1 f or inductance L1 were obtained by 
measurement. Approximate values for de~ign computations can be 
obtained by assuming a r easonable value of "Q." for L1. The data 
in Table 4 r eveal the following points: 

(a) The oapaeit y of C1 was assumed to Qe 5) mmf for the 
design of tne circ~it. 

(b) The capaci t y ot C~ then varies from 46.5 mm.fat 6 Mc 
to 48. 7 mrnf at 15 t ia. This represents a change of· only 4. 5 per 
cent over the frequency range. 

(c) The range of inductance of L1 is reasonable from a 
standpoint of coi l design. 

(d) The resistive component (Re) of the balanced output 
impedance is about 200 ohms over the frequency range. 

(e) The reactive component {Xa) of the balanced output im-
pedance is small compared to t he resistive co~ponent. 

Thus the capacity of C2 varies oply a few per cent over the fre-
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quency range of 6 to 15 Mc and therefor e it may be possible to 
use a f i xed capacitor of approximately 47 .mmf for C2. It has 
been proven experimentally that the bal ancing circuit and the 
impedapce-matching network a re capable of m~tching t he feeder­
line input 1mpeeance to t he 50•ohm transmission line over t he 
freque ncy rang e when capacitors C1 and -C2 are 53 and 47 .mmf 
respectively. 

16. Impedance- Match i ng Network. This circuit is shown on 
Pla t e 2 , Figure 1. The pi- network type of impeda nc e-matching 
circuit was selected because of its abi lity to match a wide range 
of impedances. The circuit consists of a balanced pi-network. 
As shown on the diagram, one network c onsists of capacitors C3 
and c 5 and i nductance L2 , while the other consists of capecitor s 
C4 and 0 6 and inductance L3 • Corresponding elements of each · 
network are identical so as to provide a symmetrical system. 
Each side of the balanced pi-network is designed t o match one­
half of the f eeder-line input impedance to one-half of the bala nc­
ing-c ircuit output impedance. 

17 . Beam Width of Radiation Patterns. The beam width of 
the direct ional radiation patterns measured at a c onstant colati­
tude a ngle ( see Plates 13 to 23) is primarily a f unction of the 
length -of the antenna» The out board s pacing of t he antenna and 
its height above water also affect the beam width, but these 
effects ·are only secondary. Radiation patterns wer e determined 
by calculation for three frequencies which were a s s i gned by the 
Bureau of Ships as test frequencies for this proje c t . From these 
patterns t he theoretical beam widths were de t ermined . These 
calculations were based upon the physical dimensions and s pacing 
of the antenna in the shipboard test i nstallation ( s ee paragraph 
19). Certain approximations were made, however, which affec t t he 
accuracy of these results to some extent . The results of these 
calculations are shown graphically on Pl at e 8; the se patt erns 
correspond to the vertical angles of maximum radiation i ndicated 
in paragraph 18. It can be shown that decreasing the length of 
the an.tenna tends to increase the beam width ; increa sing the out­
board spacing, or decreasing the height of t ·he antenna a bove 
water, or a combination of both tend to increase the beam sl ightly . 
These f actors primarily govern the front -to-back r atio and t he 
angl e of maximum radiation :in the vertical plane. Plate 8 shows 
half-power beam widths for 6275 kc, 9000 kc, and 14280 kc of 80 , 
72 and 65 degrees respectively, or an a verage of 72 degrees. This 
average beam width compares favorably wi th the 78 degrees which 
was obtained by actual measurement as discussed in paragraph 31 
herein. 

18. Vertical Angle of Maxiffitpn Radiation . The angle of 
maximum r adiation in the vertical plane was determined b.y calcula• 
tion for the shipboard test installation; the results are shown 
graphically on Plate 9. These calculations are based upon the 
reasonable assumption that the hull of the ship acts as an in­
finite r eflecting screen; thus the curves on Plate 9, although 
only appr oximate, are sufficiently accurate for deterzining th~ 
general design of the antenna. It oen be shown theoretically that 

DECLASSIFIED .. 8 -



the eff ect of the finite s.ere~~ is to slightly increase the ver­
tical angle of maximum radia ti on. Plate 9 shows vertical angles 
of radiation for 627 5 kc, 9000 kc, and 14280 kc of 40 , )5, and 
25 degr ees respectively , The results of actual measurement of 
t hese angles are discussed· in paragraph 34. 

INSTALLATION OF ANTENNAS 

19. Test Installation Aboard Aircraft Carri er CV-39 . This 
antenna i nstallation is i l lustr a ted on Plate ). A model TBK-17 
transmi tter located in Radio II wa s used to energize the antenna 
system. The output of the t ransnitter was first fed into a balanc­
ing ci rcuit which was contained in a unit mounted on top of the 
t ransmitter. From this unit the r-f ener gy was fed into an im­
pedance-matching unit, located i n t he Model SK- 2 Radar room, by 
means of a pa ir of RG- 18/U c oaxial transmission lines. These lines 
were laid in existing wireways in the ship; actually 306 f eet 
of t hi s double l ine was r equired between the balancing and the 
i mpedance-matching units. In addi t i on, a telephone line was in­
stalled to provide communication between t he units to aid in 
tuning up the system. Th i s coupling arrangement requiring two 
t ransmission lines , was u sed merely as an expedient in making 
t he radiation-pattern mea s urements and did not represent a per­
manent part of the antenna system. Subsequently the coupling 
uni t described in paragraph 23 has been designed, . incorporating 
the ba lancing and the impedance-matching network into a si ngle 
uni t and requiri ng but one coaxial t ransmission line. Theim­
pedanc e-matching unit was mounted on a bench as near as possible 
t o t he bulkhead so that the connecting leads to the antenna-feeder 
lines were kept short. The location of the impedance-matching 
unit and the level of the- a ntenna (10 feet below the flight deck) 
resulted in t he antenna f eeders a ssuming an angle of about 20 
degrees with the horizontal . Thi s i s not a desirable condi tion 
but would be necessary i n so me installations. The feeder lines 
were br ought through the ship ' s hull by means of standar d bulk­
head ins ulators and were held parallel throughout their length 
by ceramic s pacer insulators . The a nt enna and the feeders were 
made of 5/16- inch standard antenna cable. Each of the two elements 
of the a ntenna was 41 feet long, and the total length of each 
feeder l ine was 17 . 5 f eet. The antenna was suspended between a 
pair of strai n insulators s ecured to the out boa r d ends of t wo 
outriggers . The se outriggers were made of ) -inch pipe a nd were 
15 feet i n l e ngth. They were hi nged a t the point of attachment 
t o the ship' s hull so tha t the antenna could be hoisted up out 
of the way when not in use. The outrigger s were guyed so a s to 
hold the antenna taut in a pproxima tely a horizontal line; t he 
sag at t he center of the antenn& was about 18 inches. These 
general featur e s of construction were considered to represent 
reasonably well e final installation ; therefore these details are 
shown on Plat es 4 and 5. 

20. Proposed Final I nstalla t ion of Ant ennas. The most 
desirable locations for the directive antennas on both sides of 
t he ship have been determined from an inspeoti9n or two other 
Essex-class aircraft carriers CV-33 ana CV-15} , The proposed 
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final installations a re illustrated on Plates 4 and 5. It is 
suggested that t hese locations be used if possible for any future 
shipboard installations of the directive antenna s. Antennas in 
these locations could be energized by a transmitter in Radio III 
and both would require about 300 to 350 feet of 50-obm coaxial 
transmission line . The antenna installations are described as 
follows: 

(a) Starboard Side :· · Location is limited to the space between 
Frames No . 110 and 140 ; this distance includes 82 feet f or the 
antenna and 38 feet for guy lines and strain insulators. The 
center, or feed point, of the antenna should be at Frame No. 125 
or 126. The co upling uni t could then possibly be i nstalled in 
the bomb-sight workshop and storage compartment on the gallery­
deck level . In order to have adequate reflecting s urface behind 
it, the antenna would have to be about 14 feet below the f light­
deck level. The outboard spaeing would be 15 feet. The ship's 
hull in this area is vert i cal and straight. In either d irection 
from this space, outboard gun sponsons and other irregularities 
in the reflecting surface make any 9ther tocation undesira ble. 

(b) Port Side: Loe at ion is limited to the space between 
Frames No . 138 and- 17) ; this distance includes 82 f eet f or the 
antenna, and 58 feet f or guy lines and strain insulators . Due 
to the overhand on this side, the antenna would have to be about 
16 feet below the flight -deck l evel . The outboard spacing should 
be at least 15 feet, but could be 18 feet if irregularities in 
the reflecting screen mak e greater spacing necessary. Curvature 
in the ship's hull ast ern, and extreme irregularities fo rward of 
this space make any other l~cation undesirable. It will be ob­
served on Plate 5 tha t the supporting cable for the small-boat 
boom attached to the hull at Frame No. 159 would interfere with 
the antenna. In order t o eliminate this interference it i s sug­
gested that, {1) the point of attachment of the supporting cable 
be lowered about 7 fee t and the .size of the cable be increased to 
overcome the increased strain thus- caused; or (2 ) t he point of 
attachment of the supporting cable and the pivot point of the boom 
both be lowered about 7 feet and a ladder be attached t o t he hull 
from the inboard end of the boom to the roller curtain as indi­
cated by dotted lines on Pla te 5. The coupling uni t for t his 
antenna could be installed i n the unoccupied space over the entry­
way into t he light l abyrinth at about the forcas tle-deck l evel 
at Frame No. 156. 

21. .Antennas i nstalled in the above proposed locations will 
not interfere with topside ~ighting equipmen t or with gunfire from 
any outboard gun emplacements. Interference with any activities 
aboard ship would be kept at a minimum.. The block and taekl·e· 
proposed for lowering and hoisting the antenna outriggers and f or 
maintaining tension o n the a ntenna s can be operated from existing 
wallcways. 

22. Summar of Im ortent Factors i_,n . the Des! n and Locati on 
of Antennas. The various pert nent fa~tors oovered n the fore­
going discussion, and which must be adhered to in any future 
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shipboard instellation in order to realize satisfactory operation 
of the antenna system,are summarized as follows : 

(a) Each of the two elements of the antenna must be 41 feet 
long (equivalent electrical length= 5~/8 at 15 Mc . ). 

(b ) The outboard spacing of the antenna must be at least 
15 feet, but can be as much as 18 feet if irregularities in the 
ship's structure make greater spacing necessary ; this spacing 
corresponds to an electrical length of approxima tely ~/10 at 6 
Mc.. The antenna must be paralled to the reflecting screen and 
must be horizontal. 

(c ) The antenna on the starboard side should be located 
about 14 feet below the flight-deck level between Frames No. 110 
and 140 with the feed point at about Frame No. 125; the port side 
antenna should be located about 16 feet below t he flight- deck 
level between frames No. 138 a nd 173 with the feed point at Frame 
No . _156. In no case should the antenna be less than 35 feet above 
the water level. 

(d) The coupling unit should be located opposite the center 
or feed point of the antenna so that the antenna feeder lineswill 
be perpendicular to the antenna and will be as nearly horizontal 
as possible. 

(e) The coupling unit should be located within l foot of 
the bulkhead so that the connec ting leads to the feeder lines will 
be kept short (in the order of 6 to 8 inches in length) . 

(f) The antenna and the feeder lines should be made of 5/16-
inch standard antenna cable. 

(g) The feeder lines should be spaced a pproximately 7-3/ 4 
inches apart by means of ceramic spacer insulators secured to t he 
line at J-foot intervals along t he line. This spacing and line 
size gives a surge impedance of 466 ohms. 

(h) The antenna must be sus pended between strain insulator s 
attached to the outboard end s of a pair of out riggers; these out ­
riggers must be at least 15 feet i n l ength and must be properl y 
guyed so _as to maintain t he antenna t aut in a 1·.,proximately a hori ­
zontal line; a n 18-inch sag at t he cen ter can be t olerated. 

(1) The outriggers should be hi nged at t he point of attach-
ment to the ship's hull s o t ha t t he a ntenna can be hoisted up 
out of the way when docking or f or maintenance. 

(j) The supporting cable for the small-boat boom at Frame 
No . 159 on the port side will i nterfere with the antenna in the 
proposed location. Either of t he fo l lowing suggested mQdifica­
tions for the small-boat boom woul d eliminate this interference: 
(1) lower the point of attachment of t he supporting cable by 
7 feet and increase the cable size t o overcome the resulting i n.­
crease in strain; or (2) lower both the point of a ttachment of 
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the cable and the pivot point of the boom by 7 feet and add a 
short ladder between t he inboard end of the boom and the roller 
curtain (see Plate 5) . 

(k ) Type RG-18/U coaxial transmission line should be used 
between t he coupli ng units and t he t ransmit ter . This cable can, 
in genera l , be la i d in exist i ng wireways . 

(1 ) A t ransmitter in Ra dio III should be used t o energize 
the antenna systems since this radio room i s the nearest to both 
of the pr oposed antenna locations. 

(m} A means o f telephone communication should be a vailable 
between t he transmitter and each coupling unit t o a i d. the radio 
operators when adjusting the system. 

OTHER MAJ OR UNITS OF THE ANTENNA SYSTEM 

23. Type RA-471375 Collinear Antenna Coupling Uill· The 
ba l ancing circuit and the impedance-matching networks are i ncor­
porated into a single unit which ha s been assigne d the above 
desi gna t i on. The overall dimensions and the weight of this unit 
are a s fo-llows: 

Height 
Width 
Depth 
Weight 

3 2-1/ 2 inches 
22 inches 
18-1/2 inch es 
100 pounds 

The schematic. diagram of thi s unit is shown on Pl ate 2 , Fi gure 
1 , and the construction is ! llustrated on Plates 32, 33 and 34. 
The r-f ammeter M1 indicates the input current t o the unit, 
whi le r-f ammeters M2 and M3 indicate the current in each f eeder 
l i ne . Me ter M4 is a balance indicator which is described in t he 
fol lowi ng paragraph* At the time the uni t is cal ibra ted the 
ba l ancing capacitors are set to the proper capaci ty and locked 
( see pa r agraph 15 ); their dials are provided with a cover t o pre­
vent acc i dental manipulat5_on of these controls which would 
nul lify t.':1e calibration of all the other contr ols in t he uni t. 
All controls ar e adj ustable rrom the f ront panel. Two pairs of 
out put t er mina ls are provided on the unit f or esse in maki ng 
connecti ons t o the f eeder-lin e terminals~ depending on the manner 
of mounting ·(J:0 unit on a bench or directly on tt.e deck. This 
coupling m ::'i.·j h L1s been designed and co nst, :euct ed so as t o wi thstand 
the rigor s cf ··_;;:.e Nava l s e rvice and t hus could remain a part of 
the shi p 's ec,1; ip'.D<2 n t whe::-! once installed aboard ship. 

24 . B0) ,:1_?. ·,. 0.:~ Ind ica te::-. A circuit i s included as par t of 
t he cou pl:i.P6 t :;_.o •.t s l'o:i:- i~:Jllcating wb0n the r-f vol t ages on the 
ant em!&· '.':' c~ ,);!-~-::'.' ~-..:.,10 s -.F"E: oqual and are opposi te i n phas e r e l ation­
shi p. 'Il.-.i. :~ : :,_:r- :,u i t :. s c 0s,:;ribed in Appendi x 2 herein. Any r-f 
curreDt ::i'_;_.:1 ·;_,j_r:~~ i.,t..~:-c•.1.~~:i. this ci rcuit as a result of a voltage 
unba l e~o (: b ~.t•·: c"i <:L -~b:;i :f e~c';e r l ines is rec tified by a crystal de­
tec tor and i :-;_a ::.~e t,,3:--~ o:·t a microamme tor. The circ u.i t is suff i­
cient l y s •~1~i si tl ve to slww an unbala ne e in the feeder-li ne vo l ta B:e 
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as low as 6 vblts. Over most of the frequency range the r-f 
voltage on the feeder lines for full power operation •is in the 
order of )00 to 400 volts; the lowest line voltage en.countered 
is about 100 volts . Thus the voltage (or current) balance on 
the feeder lines can be adjusted to within 2 to 6 per cent by 
observi ng the indication on the mic roammeter. 

25. Type RA-23538 Antenna Selector Unit . A uni t is pro­
vided by means of which the transmi tter output can be switched 
to any one of three antenna systems or to a 50-ohm dummy-antenna 
load. This unit is intended to be mounted directly on top of 
the transmitter used with the antenna system. The schematic dia­
gram of this unit is shown on Plate 2 , Figure 2 and photographs 
are shown on Plates 37 and 38; other details a re di scussed in 
Appendix). The overall dimensions and the weight of this unit 
are as follows : 

Height 
Viidth 
Depth 
Weight 

9-3/4 inches 
16 inches 
16-1/4 inches 
28 pounds 

The purpose of the 50-ohm dummy antenna load i s t o aid in tuning 
the directive antenna systems. By switching t o t hi s non-radiating 
load , the transmitter can be pre-tuned to approximately t he cor­
rect dial settings to feed into the 50-ohm coaxial transmission 
lines before switching to one of the directive antenna sys tems . 
Almost all tuning can then be done at the coupl ing unit; only 
a slight trimming of the transmitter output controls should be 
nece~sary during the remainder of the tuning process. 

TUNING OF ANTENNA SYSTEM 

26. In its present design the system requires .two oper ators 
for tuning t o a desired frequency. For this reason it is nec­
essary that telephonic communication be available between the 
transmitter -and each of the coupling units. When the s ys t em has 
once been ca librated for several operating frequencies, o perators 
who a re fc~i liar with the system can shift frequencies in approxi­
mately t he same time normally allowed for shifting frequencies 
on a transmitter. A somewhat longer time, possibly 5 minutes, 
might be required for shifting to an uncalibrated f requency. 
The pri ncipa l points to be born in mind in the adjustment of 
the coupling unit are that the antenna feeder-line curr ent s should 
be equal and the balance indicator should read zero; t his indi­
cates that t he currents in the two elements of the antenna a re 
balanced and are 180 degrees out of phase. The transmitter out­
put current should be about ).1 amperes and the input current 
to the coupling unit should be about 2.9 amperes. This a l lows . 
for about 0 . 6 db loss of power in the coaxial transmission line 
(assumi ng the line to be about JOO feet in length}, and i ndicates 
proper impedance matching between the transmitter outpu t circuit 
and the 50•ohm i mpedance presented by the coupling unit when cor­
rectly adjust ed. The antenna system is then properly balanced 
and matched and should operate at maximum eff iciencv. Th A An t.11A 1 
i-uu.i.ug 1,11:oceuur·e requ1.ree1 !'or the system is fully described in 
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Appendix 4. 

METHOD OF ME!.SURE1v'.ENT 

27. Calibration of Antenna System. When the shipboard 
test installation (see paragraph 19) had been completed, the trans­
mitter, the balancing unit, and the impedance-match ing unit were 
carefully calibrated for thre_e test frequencies, namely, · 627 5 kc , 
9000 kc, and 14280 kc . Adjustments were made until t he unbalance 
voltage between tbe a ntenna-feeder lines, as indicated by a 
vacuum-tube voltmeter , wa s the lowest obtainable f or that system; 
the _greatest unbalance for any one of the three fre quencies was 
30 volts or about 7.5 percent . No attempt was made at the time 
to measure the actual r -f power in the antenna. The transmi tter 
was operated at normal, full-power output (about 500 watts) dur­
ing all of the tests and the only appreciable losses in the 
system would be in the balancing unit and in the transmission 
lines. The power loss in the two 306-foot lengths of Type RG-18/ U 
coaxial . transmission line would be approximately 0 . 6 db , or 
about 70 watts. The loss in the balancing unit was assumed to 
be in the order of 100 watts. Thus the power delivered to t he 
antenna would be i n t he order of 300 watts. 

28. !iadia ti on-Pattern Measurements. Radiated energy from 
the directive antenna installed aboard ship was measured at 
several different receiving points in order to determine whe ther 
or not the antenna characteristics would f ulfill the problem 
requirements. Measurements wer-e made on, (1) a Naval blimp 
(K-92) which maneuvered in the vicinity of the carrier CV-39 
while at sea, (2) at several distant shore receiving stations, 
and (3) at a local shore receiving station. The desi red mea sure­
ments to be made governed the operations of the carrier, and 
two distinct maneuvers were required. These operations were as 
follows: 

(a} The ship turned a tight circle while the blimp hovered 
at some di stance at low altj_tude to obtain the l ow-eleva tion 
pattern measurements. During this operation the distaµt receiving 
stations, i~ accordance with a prearranged schedule, were informed 
of the star·c of the test on a particular f requency and wer e 
warned to be on standby for t he pattern measurements. This opera­
tion was carried out once for each test frequency. 

(b) The ship maintained constant heading f or severa l minutes 
for each suecessive 30 degrees of ship's heading so as t o form 
12 chords on a 5-mile diameter circle. Each 30 degrees of ship' s 
headinf was designated by a code l~tter (A = 0°, B = 30° , C ~ 60° , 
etc . a,s shown on Plates 13 to 31) and this code letter wa s t rans­
mitted to the various remote recei vi.ng stati ons so that read ings 
of signal strength versus relative bearing could be made and thus 
obtain the desired radiation patterns. This operation was r e- · 
peated three times for each test frequency s o that the recei ving 
stat ions could obtain an average radiation pattern for each fre­
auency. During this operation the blimp circled the ship several 
times, mainta i ni ng consta nt :=1ltit.,111P. i:inn ,..~n...,..,. f'nr "'"'"h ,-; ,..,. ,"' 
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and measured field intensity versus relat ive bearings at various 
col atitude angles from 87 to 45 degrees (or vertical angles from 
3 to 4 5 degr ees ). Data as to range, elevation, and bearing of 
the blimp relative to the ship were transmitted to t he blimp. 
At times navigational factors made accurate ooofdine tion in tim- ­
ing of r eadings of relative bearings and field strength diffi• 
cult a nd introduced too great an error in ·the pattern data . At 
such times the field strength data were taken versus rela tive 
bearings estimated by personnel aboar d t he blimp by sighting 
on the c ent erline and crosslines on the flight deck of the ship. 

29 . These operations were carri ed out on 18-19 June 1945 . 
The ship ' s position was approximately Latitude 36° 46' North and 
Longitude 74° 37' West . A log was kept o:h the ship of head ing 
and position versus time, while at the l ocal and r emote receiving 
stations a log was kept of time and beari ng code-letter versus 
field s t rength . Personnel aboard the bli mp recorded relative 
bearings versus field strength and data .on range and altitude . 
A Navy Model OF Field Strength and Noise me t er was used f or 
measurements of field intensity . The measurements ?t the l ocal 
shore receiving station were made by means of equipment ( RCA 
Model 308-A Field Intensity Meter and Navy 1Jodel OF Field Strengt h 
and Noise Meter ) installed in a truck loca t ed in t he vicinity of 
Weeksville , and Currituck, N. C. (about 60 miles f rom the ship) . 
The distant recei ving stations used Navy Model RBG or RBP r ec~iv­
ing e quipment with suitable antenna arrays . These stations , 
wi t h t heir approximate distance from the ship in nautical miles 
are es follows: Washington, D. 0. - 160 miles; Riverhead, Long 
Island - 300 miles; Great Lakes; Ill . - 600 mi les; San Juan, 
Puerto Ri co - 120 0 miles; Point Gourde , Trinidad, B. W. I. - 1700 
miles. 

30 . Polarization and Field Strength Measurements. Due to 
the effects of the bl imp gondola it was found to be impractical 
under conditions of flight aboard the blimp to make independent 
mea surements of the horizontally and vertically polarized radia­
tion from the directive antenna. At the local shore receiving 
station t he signal strength was measured at fre quencies of 6275 
kc and 9000 kc. rhe ratio of the intensity of the horizontally 
and ver t icaliy polarized signals could not be accurately deter­
mined , but the meas~rements indicated that very low intensity 
signals of both polarizations were present. These measurements 
ar e di scussed in paragraph 36. 

RESULTS OF ME ASUREMENTS 

31. . Bea '!ii th of Radia+i n. Pa terns. The radiation pat­
terns shown o,ri lates 13 to . i11clusi ve measured on the Naval 
blimp ) indicate ha~f-power b~~~ widths of 34 t o 127 degrees (see 
Table 2). Th~ ~ver~ge for th~ t4r~e frequenci es is 78 degrees. 
This compares with an av~r~g~ pf 72 qegrees obtained by calcula­
tion (see paragr aph 17 }. These measurements were subject to con­
siderable error bijc~~se qf d~fficulties encountered in coordina­
tion a nd timing of readings of signal strength with respect to 
relative bearini;,:s .. Such error!'\ -Are E?.~ooniAlly P. vinP.n't. in Pl A't.4'! ci 

DECLASSIFIED - 1 5 - . 



13, 15, and l? wherein the beam maximums , instead o f being 90 
degrees relative to the ship's heading, are distort ed by a s much 
as 30 degrees . The radiation patterns shown on Pla t e s 24 to )1 
inclusive (measured at the remote receiving stations ) indicate 
half-power beam widths of 36 to 80 degrees , with a n average of . 
52 degrees for the three frequencies used (see Table 3) . In 
general, the results of the calculations and the a ct ual measure­
ments for the shipboard test installa tion are in reasonable agr ee­
ment and show the general beam width t o be •in the order of 65 
to 80 degrees for free-space transmi ssion , and in t he order of 
50 to 60 degrees for ionosphere transmi ssion. The conclusion 
may therefore . be drawn that the beam-width requirements of the 

· probl em were fulfilled by the shipboar d i nstallation . 

32. A point which deserves speci al attention here is the 
fact t hat in all of the radiation patterns measured , except 
those shown on Plates 13 , 15, and 17 which are assumed to be 
in error, the beam maxi mum is consistently 90 degrees relative 
to the shi p ' s heading. Tb.ere i s some slight distortion of the 
pattern in so.me cases but not beyond r ea sonabl e experimenta l 
error. Thus it can be concluded tha t with thi s directive an­
tenna system the direction of maximum radiation is always known 
and can -easily be controlled by merely maneuvering the ship. 
In many oases with the usual shipboard communication antennas for 
thi s frequency band, the radiation patterns are badly distorted 
by the ship ' s superstructure and by other adjacent antennas. 
The proposed directive antenna i s there f ore .much superior to the 
usual antennas in this respect . 

)3 . F'ront-to-Back Ratios. The front-to-back field strength 
ratios of the radia tion patterns measured f or t he shi pboard i n­
stallation are tabulated in Tables 2 and). The minimum ratios 
obtained for the pa tterns measured on the Naval blimp and at the 
distant r eceiving s ta tions are ).6 to 1 and 10 to 1 respectively 
(see Plates 16, 24, and 28). These are voltage ratios and 
correspond to 11 db a nd 20 db respectively. Ratios as high a s 
100 to 1 or 40 db a lso are i ndicated (see Plate )1.) For this 
particular test installa.tion ther efore, the front-to-back ratios 
are well within the problem requirements . It is of interest to 
note t hat t he front-to-back ratios for t his antenna are c omparabl e 
to ·tba t obtained wi th f l at screen reflectors in the VHF band. 
It is emphasized here , however , that in this test installation 
the island superstruc tur e served a s part of the reflecting screen 
( see Plate 3}. Because of this additional height of reflecting 
screen the antenna was l ocated only 10 feet below the f light-
deck l eve l or about 4 3 f eet above t he water . This addit ional 
hei ght of r eflecting scr een was favorable f or r eduction of back 
radi ation end the additional height above water favored r eduction 
of the vertical angle of radiation. In the proposed final lo­
cati ons f or the antennas (see Plates 4 and 5) , the island super­
s t ructure cannot be util ized as part of the reflecting scr een , 
and t hus the antennas must be farther down on the ship' s side in 
order t o obtain adequate screening surface. Actual patt ern 
measur ements wil l be necessary t o determine the position of t he 
antennas which will pr oduce optimum radiation patterns i n the 
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horizontal and vertical planes. 

34. Vertical .Angle of Maximum Radiation. Plates 10, 11, and 
12 show t he results of an attempt to determine the angles of maxi­
mum radiation in the vertical plane by measurement on the Naval 
blimp. Lack of time for these test operations and a ltitude limita­
tions due to the pressure ceiling of the blimp prevented obtaining 
complete data f or this test; as a result, these patterns are parti­
ally esti mated. The extrapolations of these patterns indicate 
vertical angles of maximum radiation in the order of 30 to 45 de­
grees for the three test frequencies. This compares with 25 to 40 
degrees obtained by calculation and thus the measurements support 
the theory discussed in, Paragraph 18. The fact that excellent 
signals were received at the distant receiving stations can be used 
as evidence that the vertical angle of radiation was satisfactory 
for t he intended service. · 

35. The rapid decrease 1n signal strength at the low verti-
- ~al angles show that t hEt, ground wave would be extr~mely w~ak at 

any appreciable distance (50 miles or morer from the antenna or 
- ··anywher..e- in the skip zone. This was demonstrated by the mea sure­

ments di scussed in the following paragraph end also by the f act that 
the distant receiving stations (Washington, D. C., Riverhead , 
L. I., and Great Lakes , Ill.), which were definitely in the skip · 
zone for 14280 kc., could detect no ~ignal at this frequency. 

36. Field Strength of Vertically Polarized Radiation. The 
measurements of field strength made at the local shore receiving 
station a t 6275 and ,9_000 kc showed signal strengths from about 1 
microvolt per meter to a maximum of 10 microvolts per meter. Such 
signals are ordinarily just detectable. No signal was received at 
14280 kc. The low intensity signal was fairly steady but the 
stronger signal showed a definite tendency to fade and thus could 
be attributed to ionosphere transmission. Accurate measureme nts 
of the ratio_of intensity of the horizontally and vertically polari­
zed signals could not be made,.. but the measurements did indicate 
that signals of both polarizations were present. It can be conclu­
dea- rrom· the data obtained th.at the ground wave was of very low 
intensi ty and that the field strength in any direction due to ver­
tically polarized radiation from the directive antenna would be less 
than the field strength produced by a quarter-wave vertically 
polarized antenna with a radiated power of 0.1 watt and possibly 
with a radiated power as low as 0.001 watt . The rated power out­
put of a Model TBK transmitter is 500 watts. It can be reasonably 
assumed t hat 400 watts are actually radiated from the directive an­
tenna ; then the ratio of the horizontally to vertically polarized 
radiation would be in the order of 4000-to-l, and possibly as high 
as 400, 000-to-l. Thus the vertically polarized signal would be 
·about 36 to 53 db down from the desired horizontally polarized 
signal . 

CONCLUSIONS 

37. The results of the radia tion•pattern measurements maae 
for the shipboard test installation show that all of the require­
ments specified in Reference 1 can be fulfilled by the antenna 
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system proposed herein for use on Essex-class aircraft carriers. 
The specified beam width is 120 degrees; the average half-power 
beam width measured over the frequency range for free space 
transmission was in the order of 65 to 80 degrees , while for 
ionosphere transmission the average beam width wa s i n the order 
of 50 to 60 degrees. The specified front-to-back ratio is 3-to-l; 
the minimum front-to-back voltage ratio obtained for free-space 
transmission was 3.6-to•l, while the minimum ratio for ionosphere 
transmission was lO-t9-l. 

38. The problem specifies that the antenna be energized 
by a Navy Transmitter of the Model TBK serie$. Throughout the 
development and test of this antenna system, Model XTBK and Models 
TBK-12 and TBK-17 transmitters have been used as the source of 
excitation. No trouble has been encountered which could be at­
tributed to failure of these transmitters to properly teed the 
antenna system. Although actual test s have not been conducted 
using Model TCK and TBL transmitters as the excitati on source, 
available data make i t reasonable t o conclude t ha t t hese trans­
mitters also could be employed satisfactorily with this antenna 
system • . 

39. The ant enna in the proposed locations will not inter-
fere with topside fi ghting equipment or with gun fire from any 
outboard gun emplaceme nts. This is also specified i n Reference 1. 

40. In order t ha t the antenna will have t he d esired char­
acteristics, cert ain f nnd~mental fa ctors with r e spect to design 
and l:>cation, as summarized in paragraph 22, mus t be adhered to 
in any future shipboard. installations. The antenna system must 
also be carefully tuned and adjusted by the operators so that the 
power in the antenna will be balanced, thereby maintaining un­
desired vertically polarized radiation at an absolute minimum. 
Measurements indicate that the ratio of horizontally to ve rtical­
ly polarized radiati on can be 1n the order of 4000- to-l a nd 
possibly a s high as 400,000-to-l fo r t his antenna s ystem. 

41. The b eam wi dth of the radiation pa tterns f or t hi s an­
tenna does not ch ange greatly with frequency. Furthermor e , the 
directiona l char acteri stics are not influenced by other antennas 
aboard ship and the d i rection of maximum radiation i s a lways 
known. This is not true for t he usual shipboa r d communication 
antennas f or the 6 t o 15 Mc band ; these antenna s often have badly 
distorted· pa tterns due to effects of other ad jacent antennas ~nd 
the ship's s uper structure. 

42. The inherent high attenuation of the ground wave for 
horizontal polari zation and the use of i onosphere transmi ssion 
provide security against direction finding and i n t ercept within 
the skip zone exc ept a t extremely close range . By proper choice 
of frequencies t he skip zone can be made 1000 miles and possibly 
up to 2000 mi les wide providing the communication range i s suffi­
ciently great . 

43. The directional character ist ics of this antenna in 
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both the horizon.tel and vertical planes give it a power gain of 
several db over a vertical dipole in free space. Additional 
power gain is obtained in this antenna as compared to the u sual 
shipboard communication antennas as a result of the accurate 
impedance matching requi red ~ n this antenna system. This gain 
is reali zed in both transmission and reception. 

44. It would be impossible for an enemy locat ed within 
the skip zone to jam signals received t hrough this antenna system , 
because thi s antenna 1s i nsensitive to vertically polarized 
radiation. 

45. The power gain real ized in t his antenna i ncreases the 
signal-t o-noise at t he receiver and thus increases the effective 
sensitivity of the r eceiver. This results in a greater commuqi ­
cation r ange for the system. 

46. The various desirable characteristics inherent ln this 
directi ve antenna s ystem make it superior i n many respects to 
the usual types of s hipboard antennas used for communication in 
the frequency range of 6 to 18 Mp . Therefore this a ntenna has 
definite possibilities for use as a general c ommunication antenna 
on Essex and Midway class aircraft carriers. 

RECOMMENDATIONS 

47. Further r adiation-pattern measurements will be necessary 
in order to determine the optimum compromise between a satisfactory 
pattern in the verti cal plane and an acceptable front- to-back 
rati o for the proposed final antenna ins tel~ ti ons. Therefore it 
is recommended: 

(a) That the Bureau ot Ships make the necessary arrange-
ments in order that an Essex-class aircraft carrier can be made 
available for f urther r adiation-pattern measurements on this 
directive antenna system. 

(b) That the various f undamental f actors in regard to de-
sign end location of the antenna a s listed in paragraph 22 her e in 
be closely adhered t o in eny future shipboard installations. 

(c) That if this directive antenna is to be used as a general 
communication antenna , then additional development work should be 
done on t he Ty~e RA-471375 Collinear Antenna Coupling Unit to im­
prove the ease and r apidity with mich i t can be adjusted for 
operation on any f requency in the 6 to 1 5 Mc band. 
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APPENDIX 1 

ANALYSIS OF BALANCING CIRCUIT 

1. The function of t his circuit is to convert the unbalanced 
output from the transmitter or transmission line to balanced out­
put; this is the most impertant fundamental requireme nt for the 
proper operation of this antenna system. It is absolutely essen­
tial that the currents in the two elements of the collinear an­
tenna be accurately balanced in both phase and magnitude. A 
schematic diagram of the balancing circuit is shown on Plate 39. 
This circuit con sists of three e lements, namely, capacitors C1 
and C2, and inductor L1 . R1 is the resistance of i nductor L1. 
The unbalanced o~tput from t"he t ransmitter (or transmission line) 
is applied to the input of the balancing circuit. The input im­
pedance of the balancing circuit is designated as Zt. The output 
impedance (Zal is balanced with respect to ground . The resistance 
R1 varies with frequency and with the inductance of L1. 

2. The two conditions to be satisfied by t his circuit are 
that the output voltage between one side and ground be equal in 
magnitude and opposite in phase to the output voltage between the 
other side and ground . Thus the re are only two conditlops to be 
satisfied by three variables whi ch leaves free choice of any 
desired rixed value for one of the three variable s. The desired 
result can be expressed by two equations . One equation expresses 
one of the va~iables, say X1, in terms of the quantities Rt, Xt, R1 
and X2, while t he other expresses X3 in terms of these same · 
quantities. The quantities X1 , ~ and x3 represent the reactance 
of inductance L1 and capacitor s C1 and C2 respectively. The re­
sistance of inductor L1 , although small, is of sufficient impor­
tance in obtaining · an accurately balanced system that it cannot 
be neglected in t his analysis. The final results of this analysi s 
are obtained by _a method of a ppr oximation since i t is not practical 
to solve the equations directly. However , ~he results are suf­
ficiently accurate for this practical application. 

3. The f ollowing equations are obtained from the fundamental 
laws of electrical circuits (see Plate 39): 

where, 

11 = i2 + i3 

Eac = Eabc 

Zt =Rt+ jXt = E8 g/i1 

E·ag = -JX2 12 + {R1 + jX1) i 1 

Ebg ~ -jX3 13 + (Rl + jX1) 11 

Eac = -jX2 i2 

Eabc - fR ... j{Xa - -x3 ) J 13 - . a l .. 

X1 = IDL, 
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Xz = 1/WCl 

X3 = l/WC2 

(1) = 2:nf 

f = frequency in cps 

4. The output yoltage from the ba lancing circuit must 
be balanced to ground, therefore: 

( 9) 

(10) 

(11) 

(12) 

When equation s (4) and (5) are substituted in equation {12) one 
obtains 

5. 

6. 
( 13) and 

jX2 12/11 + j XJ 13/11 = 2{ R1 + jX1) 

From equations (1), ( 2). ( 7) • and ( 8) 

13 - X2 
fi - X2 + X3 - Xa + JRa 

12 - X3 - ¾ + jRa 

1i X2 + X3 - Xa + jRa 

Substituting e@a~ions (l* ) and {15) 
equating the r ea l and imaginary parts 

2X1 = x2 + 2,8{X2 + X3 - X8 ) 

and 

( 13) 

one obtains 

(14) 

(15) 

in · equation ... 
gi ves 

(16) 

(18} 

7. In any practical circuit Ra wi*l be t he order of 
R0 and R1 will be only a f ew ohms ( see equation 34L Thus S 
will be small compared to unity. If R1 orf3, is assumed to be 
zer o for the moment~ then one derives the f ollowing interesting 
results f rom equations (16) and (1?): 

(19 ) 
• 

and 

( 20 ) 

8., For the condition ,(;' = O, the inductive reactance 
of L1 must be equal to the ca.:pacitive reactance of c1 and C2 
, __ _ - _ _ , , __ , m ,_ ... ,_ _ "" _ . ~ . :t _ . ... _ 3 _ .~ • • , ~ ~ • • _ • , ~ ;, .et . . .. .,., .. , ~ _ - .• • • • • ~ - .... - -

.t:' ...... - ............................ .,, 

DECLASSIFIED 

- 22 -



APPENDIX 1 {Contd) 

the required frequency band with fixed and equal va l ue s for capa­
citors C1 and 02 having reactances X2 .and X3 respect ively. For 
a well designed inductor, ,6 will be sma l l compared to unity, 
and equations {19) and (20J can be written 

(21) 

and 

x3 = X2 + e (22) 

where d and e are small compared to x2• 

9. The second approximation terms (d and e) can be 
evaluated by the following method: 

(a) _ Substitute equations (21 ) and (22) in equations 
( 16) and ( 17). 

(b) 
e ,<3 • 

Neglect all terms contai ning d 2 , e 2 ,f:> 2 , de, dj,3,and 

( C) Solve the resulting equati ons for d and e; 
~ 

The equations ford and e thus become 

d = 2 B ( 2x2 - X8 ) 

e = i.B(2X2 - X8 )
2 + R~ 

2 

( 23) 

(24) 

10. The f ollowing equations, which are accurate to the second 
approximation, are obtained by substituting equations (23) and 
(24) in equations (21) and (22) : 

11. 
(16) and 

2X1 = X2 + 2/3(2X2 - X8 ) 

X3 = X2 + 2 S/X2 l ( 2X2 - X ) 2 + R2J a a 
A study of either equations (25) and (26) or 

(17} reveals the following fa cts : 

(25) 

( 26) 

equations 

(a) The effect of the output impedance, R + jXa, upon the 
adjustment of the ba1a1H~ing circuit is very small b ecause terms 
involving Ra and Xa also contain {3 . This fact has been verified 
by experiment. 

(b) The reactance X1 and X1 can b e readily expressed in 
terms of t he reactance X2 and te~ms containing/.?; • 

(o) The capacitive reactances X2 an~ x3 are e ssentially 
equal ct. all operating frequencies. 
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(d) If points "a" and "b" in the circuit ( see Plate 39) 
are connected together, then the proper value for i nductance L1 
for balanced outp~t operation to a good approximati on would occur 
at the series-resonance frequency . This fact wa s observed experi­
mentally even without the short between points "a" and "b". 

12. The necessary condition for a unity standing wave ratio 
on the transmission line feeding and balancing circui t is that 
the input impedance (Zt) presented by the balancing ci r cuit must 
be equal to the characteristic impedance of the transmission 
line. Thus, equation (3} becomes 

R0 :: E8 g/i1 

or, after substituting equation {5 ) in the above, 

R0 = R1 + jXl - j X2 i2/i1 ( 27) 

13 . · The requirements for matched input to the balancing 
circuit (equation (27)) and the equation for the current ratio 
i2/i1 (eauation {15)) will be used to obtain two equations which 
give rela t ionships between the quantities Ro, Ra, X8 , R1, X( 1

27
,) 

X2, and X3. After substituting equation {151 in equation 
and equating the real and imaginary parts one has 

x2 
. 2 

Ro -BRa = 
· CX:2· +X3 

( 28) 

and, X1 == 
X2 [ (X3 - Xa ) 2 + X2 (X3 - Xa) + R~] ( 29) 

14. 
for 

(X2 + X3 - Xa )2 + R~ 

Equa~ions ( 16), (17), ( 21) , and 
convenien~ r ef erence . 

(22) are given agai n 

2X l = x2 + 2 [,? ( X2 + X3 - X8 ) 

2 2X1 (X2 + x3 - X
6

) = X2 (2X3 - X8 ) - 2 /3R
8 

2X1 = X2 + d 

XJ = X2 + e 

( 16 ) 

( 17 ) 

( 21) 

{ 22 ) 

15. In equations ( 16) , (17), (28), and (29 ) t he unknown 
ouantities x1 , X2 and x3 are independent variables while the un­
known quantities R and X8 are dependent var iables . The results 
must be expressed in terms of one of the independent variables 
because t he number o f variables (five) is greater than the number 
of equations to be solved (four}. From an ijnal yti cal viewpoint 
the logica l independent variable to express the results i n terms 
of is x2 . 
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16 . Equations ( 16 ) , (17) ., (28) , and ( 29) cannot be readily 
solved for X1, X3, Ra, and X

8
• However, an approximat e solution 

can be ob t ained if ,(3 1s set e qual to zero in t hese equations. 
The approximate solutions for Ra ane X8 are 

R ' ·• a 

X' ,.. . 
a 

2 
4 R0 X2 

2 2 
4 Ro+ X2 

()0) 

17. More accurate f ormulas can be obtained for Ra and X
8 by adding second order correction terms as follows: 

2 

R = 
4 R

0 
X2 + m a 4 R2 + x2 

0 2 

(32 ) 

Xa = 
8 R~ ~ 

4 R~ + zj 
+ n ( 33) 

18. If equa tions (21}, (22) , {)2), and (33) ar e substituted 
i~ eq~ati~ns ~28 ) and (29) and terms are neglected which contain 
d , e , m , n , de , dm, d n • em, en I mn, /3 2 , d 4· , e & , m ,G ., 
and n /~ 1 then · e quations are obtained which can be r eadily solved 
for the correction terms m and~. When .the results of t hese oom~ 
putations are substituted in equations (32) and (33) , e quations 
for comput ing Ra an.d X8 a re obtaiJled which are suffi ciently a c­
curate for pract~cal appl i oattons . 

2 r- r (l2 ~~ + tj J (4 R~ 
2

t l 4 Ro X2. R + x · 
i + ...1 R~ 2 ( 34) Ra~ 

4 E2 + x2 Ro ,_, x~ + 16 R~ x~ - 16 0 2 ! ,_ - .J 

2 + x2)2 -,-

8 R~ X2 
I 

R1 [4 
(41. Ro I I 2 

il I · ( 3 5} xa = ~ I 

4 R2 + x2 i + 16 R2 x2 - 16 R4 t Ro I 
0 2 '._ O 2 O -, - l 

I 

19. Substitution of equati ons (34) and (35; in equations 
(25) and (26) :ve.'sults in the f oll owing desired q.esign equations 
fo r x1 and x3• 

~ x1 ~ x~ (1 + R1 /R
0

) 

x, ~ ~~ (1 + 2 R1/ R
0

} 
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where , X1 = IDL1 ( see Plate 39) 

X2 = 1/IDCl (see Plate 39) 

~ = l/IDC2 ( see Plate 39) 

R1 is the resistance of inductance Ll 

Ro is the characteristic impedance of the transmission 
line feeding the balancing circuit. 

20. Equations (34}, (35), {36}, and (37) are t he fundamental 
design equations for the balancing circuit. The importance of 
equations (34) and (35) is restricted primarily to determining 
the output impedance of the balancing circuit. In most applica­
tions it may not be necessary to know this impedance accurately 
but only the range of values expected. It will be shown that by 
proper choice of the minimum value of the reactance X2, it will 
not be necessary to compute R8 and X8 a·nd the design constants 
for t he balancing circuit can be determined from equations (36) 
and (37). A study of equa tions (34 ) and (35) will reveal the 
following facts : 

If X2 is large compared to R0 , then Ra= 4 R0 or for 
R . 

(a) 

greater accuracy R~ = 4 R0 (1 + R1 ) and Xa is small compared to 
0 . 

Ra• This means that the balancing circuit will act as a nearly 
perfect transformer with a turns ratio o f two . Obviously this 
is the best operating conditi on for the balancing circuit. The 
second order correction term in equations (34 ) and (35) will be 
about R1/J0 and thus would be small compared t o unity. 

)R] 
{b) If i t is assumed that Ra= Xa, then X2 = 2R0 (1 - Ro } 
and Ra= 2R (1 - Ri/R0 } , Again the second order correction 
term i s sma~l and is i n the order of R1 /R0 i n equations (34) 
and (35) . I t should be noted t hat R8 is only one ha lr of the 
value as~~~ t he condition when X2 is large compared to R0 • 

This is considered the minimum value of X2 f or which the design 
of the balancing circuit can be computed from equations (36) and 
(37) without considering equa tions {34 ) and (35). 

(c) If a va l ue of the f ixed capaci tor C1 i s se lected such 
that its react a~ce X2 at the highest operating freque ncy f or the 
balancing c i r cuit satisfies t he cond ition X2 = 2 R0 , then Xa( 
2 R0 and 2 R0 ( R

8
(4 R0 at any other opera ting f requency f or 

t he balanc~ng circui t . The second order correcti on terms have 
been neglected in determining t h e above r ange of va l ues for Ra· 

21. A consideration of t he design equa tions (36) and (37) 
will also yield some pertinent f acts. I t i s e vident from equation 
(37) that if R1 is con stant over the o per ating frequency band 
of the balancing circuit, the n a ba l anced output voltage would 
1,-.,""' ....,h -~ .... ~,-. - ri •~,_\.-. ,,... ..., ,..,,...~ ....... - ,,,:.-t-- ~ 1-... ..... 1 ........ ,.... ~ - - ,.... ,.... ...., ....., ,.,. -t+ ---- f" ~ .......... ~ r' -

___ ...... 0 ----· ... -- ·------ ---- --.,::"_ .... __ ..., ___ -..L. -··- - ~ .. 
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Th~s the inductor L1 should be designed with a low and as nearly 
a constant resistance as possible ' in order that t he output voltage 
will be essentially balanced at any operating frequency in the 
band. Equations {36) and (37} are sufficiently accurate for ·all 
practical purposes if the second order terms R1/R0 and 2 R1/R0 
do not exceed 0 . 20. The reactance X2 of capacitor C1 must be at 
least 2 R0 and preferably 4 R0 at the highest operating frequency 
for t he circuit. If X2 is less than 2 R0 , then i t will be neces­
sary to compute R8 and Xa. With the aid of these fact s a balanc­
ing circuit can be easily designed by use of equations ()6)and 
{37). The design data for the balancing circuit that was _used 
with the subject directive antenna are given in Table 4. 
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APPENDIX 2 

DESCRIPTION OF BALANCE INDICATOR UNIT 

1. The schematic diagram of thi s unit.is shown on Plate 
2 , Figure 3 and illustrations are shown on Plates 32 to 36 in­
clusive. The input t o t his unit is coupled capaciti vely, by 
means of cap~citors C7 and C8, to the output of the impedance­
matching network (or ant enna-feeder terminals) in t he coupling 
unit. Since the r-f voltages at thi s point in the coupling uni t 
are 180 degrees out of phase, any difference i n t he two voltages 
appears at the com.Tion connection bet ween capacitors 07 and CS. 
This resultant voltage is attenuated by r esistor RJ which serve s 
also to protect the -remainder of the c ircuit i n t he event of an 
over-voltage condition. The tuned circuit, composed of inductance 
L4 and capacitor C9 serves to improve t he sensitivi t y and selec­
tivity of the unit and , since C9 i s ad justable from the front 
panel, t he circuit can be used t o control the defl e ction on 
microammeter M4. Resistor R2 and capacitor 010 i n combination 
with the tuned circuit , act to reduce the variation in sensitivi ty 
of t he unit over the frequency range. Induc tance L4 is tapped 
at 3/ 4 turn up from the ground end a nd thus provides the input 
voltage for the detector circuit. Resistors R4 and R5 form a 
voltage divider, in the R5 branch of which i s i nserted crystal 
detec tor Yl and d-o microammeter M4. Capacitor Cll bypasses 
stray r-f currents around meter M4. · 

2. This unit is of "plug-in" construe tion, being pr ovided 
with a track arrangement for mounting in the coupling so t hat it 
can b e easily withdrawn or plugged i nto t he coupling unit from 
t he fro·nt panel without removal of any electrical connecti ons. 

3 . During actual opera tion of the directive a ntenna system 
t he coupling unit is adjusted for minimum indication on micro­
ammeter M4 . This meter has a range of 0-100 microamperes with 
the f irst s i gni ficant division indicating 2 microamperes; 
readings with good accuracy down to 1 mic roampere are possible . 
A reading of 1 micr oampere corresponds to a voltage unba la nce 
on the a ntenna-feeder lines o f from 6. 0 volt s at 15 mo t o 7. 0 
vol ts at 6 Mc. Thus t he variation i n sensitivity over t he fre­
quency r ange is abou t 1.17 to 1. The normal r -f voltage on the 
antenna-feeder lines· f or full power operation is in the order of 
300 t o 400 volts over most of the f requency range. At a bout 
12 . 5 Mc the impedance at the input t o the f eeder lines i s at a 
minimum (Z; 35 + JO ) ~nd h~re the l ine voltage is a bout 100 
volts. Ther e fore , by observing the deflection on this ba l ance 
i ndica tor unit, i t i s possi ble to ad just the voltage (or current) 
balanc e on the feeder lines t o within 2 t o 6 per cent . 
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APPENDIX 3 

DESCRIPTION OF TYPE RA-23538 AN_!ENNA SELECTOR UNIT 

1 . Referring to Plate 2, Figure 2, the transmitter output 
current is indicated by r-f ammeter M5 (0-5 ampere range} when 
either direct1ve ant enna or the 50-ohm dum,my-antenna load are in 
use. When the non-directive (whip or tower) type antenna is used, 
this ammeter must be short-circuited for protection since the 
transmitter output current may rise to 10 or 12 amperes at some 
frequencies. A shorting switch, which is operated from the front 
panel and which bear s a suitable warning nameplate, is provided. 
A mechanical interlock prevents switching to the non-directive 
antenna until this shorting · switch i s closed. The antenna selec­
tor switch is a Navy Type CNB-24314 Antenna Switching Unit with 
some minor modifications to adapt it to this application . These 
modifications are a s follows: 

(a) Two minor machining operat ions t o facilitate mounting 
the switch in the cabinet. 

(b) Machining finger grips on the dial knob . 

(c) Changing the dial designations to correspond to the 
antennas used in this system. 

( d) Changi.ng the cable connector for t he electrical inter-
lock to a type which will facilitate disconnecting the cable so 
the unit can be removed from t he transmi tter. 

2. The duttJmy load consist s of s ix 3oo~ohm, 100-watt re-
sistors connected in parallel to provide approximately a 50-
ohm. resi stive load wi th ample wattage capacity to dissipate· 500 
Wcttts. The imped.ance presented at the selector-switch output 
terminal by this dummy load varies from 49 to 54 ohms over the 
frequency rang e of 6 to 15 Mc. The actual A-N impedance rating 
of type RG-18/U coaxial cable is 52 ohms. Thus t he du.rnmy-antenna 
load presents a pproximately the same impedance as the 52-ohm 
cable terminated in a 52-ohm. r esistive load. It is therefore 
possible to pretune the transmitter using the dummy-antenna l oad, 
then swi tch to the directive antenna system and adjust the coupling 
unit at the ant enna as a separate operation until it also presents 
approximately a 52-ohm resistive load. This requirement is 
pointed out in paragraph 14 as necessary for proper operation of 
the antenna sys tem. Even the highest qualit y commercially avail­
able resistors which would be suitable for this a pplication a re 
somewha t reactive and thus the dummy-antenna load does n ot pre­
sent a pure resi stance. However , this reactive component is not 
sufficiently large to have an appreciable effect upon the adjust­
ment of the antenna system. A slight retrimming of the trans­
mitter output circuits may be necessary at certai n frequencies 
after switch ing from t he dummy load to the antenna system in 
order to improve the r atio of transmi ssion-line input and output 
currents when ad justing the coupling unit. 
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APPENDIX 4 

TUNING PRQ9!DURE FOR THE DIRECTIVE ANTENNA SYSTEM 

1. The following procedure is necessary when tuning t he 
directive antenna system to an uncali bra ted frequency: The opera­
tor at the transmitter first r otates the Antenna Selector Switch 
to t he "Dummy" position and t hen tunes the transmitt er in a nor-
mal manner to the desired frequency. The operator at the coupli ng 
unit determines an approximate cali bration from the tuning data 
and curve s supplied with the unit. Thi s done, the operator at 
the transmitter switches the transmitter power-output control t o 
St ep 2 (Tune) and switches the Antenna Selector to the proper 
dir ec tive-antenna posi tion (Port Directi ve or Starboard Directive). 
At the coupling unit there should t hen be input cur rent s howing 
on the Input Current meter M1 (see Pla te 2, Figure 2 ) when the 
transmitt er test key is clos.ed. The operator at t he coupling 
unit then tunes inductance L1 for maximum current i ndication on 
Meter M1. It is possible that before a d justment o f i nductance 
L1 the Ba lance Indicator (M4 } may show e considerable reading, 
indicati ng unbalanced voltage· on the antenna-feeder l ines. The 
t uning control on the Balanoe Indicator unit should t hen be adjusted 
for max imum reading on the microammeter. Then, as i nductance 
L1 brings the balancing circuit i nto resonance, the r eading on 
the microarnmeter drops to a l ow value (10 microamperes or lower ). 
The i mpedance-matching network i s then ad justed unti l the output 
meter s M2 and M3 show current in the feeder lines. The trans­
mi tter c an then be switched t o " Operate". From thi s point on , 
the procedure is a matter or trimming the coupling- unit controls 
unt il the following condi tions are .obtai ned: 

(a) The Balance Ind i cat or meter reads no more than one 
divisi on (one division = 2 microamperes , and corresponds to 8 t o 
9 vol ts unbalance on t he feeder lines) . Readings to one-half 
of one divi.si on with good accuracy are possible, and this cor­
re sponds to a voltage unbalance of 6 to 7 volts •. 

{b) The feeder-line currents are approximate l y equal . 

{c) The input current is about 2.9 emperes or about 93 per 
cen t o f the cur rent at the input end o f the coaxial transmiss i on 
line ( assuming that 300 f eet o f type RG- 18/U coaxial l i ne is used). 

(d) The input current to the transmission line (indicated 
by the meter ir. the Antenna Selector Uni t ) i s about J .1 amperes 
or approximately equal to the current input to the dummy-antenna 
loed . 

The ant enna system is then properl y balanced and mat ched and 
should operat e at maximum ef:fi ciency. 
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TABLE l 

,\NTENNA IMPED /.NCE 

Feeder . ZA Zr 
Frequency A. Length Antenna Feeder-Line 

(Mc) (ft) ( l/11.) Impedance Impedance 

5.0 197.0 0.089 40-J200 35 + J75 
6.o 164.0 0.107 68+JO 107 + J360 
7.5 131.0 0.134 145+J425 2800 - J485 
9.o 109.4 0.160 4oo+J950 212 - J640 

10. 0 98.5 0.178 85o+J1600 89 - J)66 
11 .1 88.7 0.197 25oo+J2500 54 - J212 
11 .. 7 84.2 0.208 5G.JO+JO 49 - Jl26 
12.3 80.0 0.219 2500-J2500 42 - J46 
13. 35 73.0 0.21;.o 500-Jl600 35 + J93 
15 . 0 65.6 0.267 120-J?OO 65 + JJ82 

TiJ3LE 2 

FRONT-TO-BACK RATIOS AND BEAM WIDTHS 
OF RADIATION PATTERNS MEASURED ON BLIMP 

Vertical Front-to-Baok Beam Width 
Freql,lency Angle Ratio* at Half Power 

(kc) (degrees) Voltage fil>. (degrees) 

6275 4.6 5.3 15 45 
6275 15~0 4.2 13 34 
6275 33o7 4.8 14 115 
6275 45,,0 3.6 11 95 

9000 3~0 10. 0 20 44 
9000 16.0 20.3 26 46 
9000 33.0 7.2 17 56 
9000 45.0 5. 7 15 78 

14280 18c5 15.0 23 127 
14280 3:, J 7 17.3 25 127 
14280 4 5 , O 68.Q 36 65 

* Ratio of ma;:J.I11t1~"J ·t::·c :it to maximum back field strengths . 
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TABLE 3 

FRONT-TO-Bl.CK RATIOS AND BEAM ¼IDTHS 
OF RADILTION PATTERNS MEASURED AT DISTANT POINTS 

Front-to-Beck Beam Wi dth Distant 
Fre(uency Ratio* at Half Power Receiving 

kc) Voltage ~ {degrees~ Station 

6275 10 20 65 Washington, D. c. 
6275 15 23 80 Riverhead , N. Y. 
6275 55 35 50 Great lakes , Ill. 

9000 44 33 60 Riverhead, N. Y. 
9000 10 20 40 San Juan, P. R. 
9000 26 28 44 Point Gourde, B.w.r. 

14280 25 28 41 San Juen, P.R. 
14280 100 40 36 Point Gourde, B. l.Jv" . I. 
* Ratio of maximum front to maximum back field strength. 

TABLE ~ 

DESIGN DATA FOR BAL.tillCING CIRCUIT 

Fref. C1 X2 
( Mc .ill.1lfJ. ( ohms ) 

R1 
(ohms) 

L1 
( µ h ) 

X1 
( obms) 

C2 
(µµf) 

X3 
(ohms) 

Ra 
(ohms) 

Xa 
(ohms) 

6 53 500 3.77 7.0 268 46.5 571 207 36 
8 53 3?5 3 .1+4 4.0 200 · 46.9 424 200 47 

10 53 300 3,,11 2.5 159 47.4 336 192 57 
12 53 250 2. 78 1. 75 132 47.9 277 183 66 
15 53 200 2.26 1 .11 104 48.7 218 168 77 

NOTE: The fixed value of C1 was so chosen that l/IDc1 = X2 = 4R0 
at the highest operating frequency. R1 was obtained by 
measurement. 
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