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.ABS'JRACT 

The discussion of the use of the back of the SV radar re­
flector on submarines, which is the fundamental purpose of this 
report, necessitates an extensive discussion of the problems 
associated with submarine direction finding in general. The 
mechanical and elctrical difficulties of providing for direction 
finders, the time requirements for talcing bearings with rotating 
direction finders on fluctuating signals are investigated and 
the relative merits of possible types of direction finders are 
evaluated . In particular, a design for a direction finder of 
the naximum type for SV mounting is described and the lack of 
utility of this type, as well as the null type, for signals 
of varying amplitude is shown. The most desirable alternative is• 
seen to be a series of instantaneous direction firrlers mounted 
on a non-rotating extensible mast. As an interim measure only, 
and for existing submarines where a separate mast cannot be 
added, a solution is presented in the form of an increase in the 
range of an existing equipment, the Model DBV!, to 1000 Mc, and 
the addition of a high speed spinning type -antenna for 11S11 and 
"X" bands, neither type being on an extensible . mount. The 
incorporation of a lobe switching type direction finder in the 
SV to cover 500 to 4500 Mc . is demonstrated to be l ess desirable 
although it gives periscope depth operation. fpecific recommehda~ 
tions are made as to the course direction finding for submarines 
should take in the future. 
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IN'IRODUCTION 

1 . Reference (1) requested that the Laboratory develop a 
submarine direction finder to cover the frequency range 300 to 
6000 Mc, using antennas located on the back of the ~V radar r e­
flector . The equipment was to incorporate ability to serve as a 
general search device, be able to take bearings on rotating radars 
with pulse rates from 60 to 4000 pulses per second, and should be 
capable of continuous use. The components would necessarily con­
sist of one or more pressure- tight antennas, an r-f switch for 
selecting antennas, a coaxial rotating joint in the SV radar v,ave 
guide, another r - f sv;itch for selecting receivers, and an indicator. 
Development of the rotating joint and the receiver s was specifically 
excluded from the problem. Pome of the considerations involved 
are discusEed in the memorandum, Reference (2) . 

2 . The method of attach used was to develop an antenna suitabl e 
for pressure- proofing which would cover as wide a frequency range 
as possible while maintaining a sharp lobe and low standing v,ave 
ratio. Then using a rotating radar mount with a maximum speed 
about the same as that of tho fV (about 6 to 8 rpm), it could 
be determined by observation whether bearings cruld be taken on 
fixed and rote ting radars adequately. A pattern with a null in 
the center was to be tried as a refinement if a beam proved 
successful. In addition to this, work was done on a separate search 
antenna which would be ano.cessary addition if the beam pattern 
antenna were used. A type of antenna, expected to give a cardioid 
response pattern, which would eliminate having a separate search 
antenna, was tried with no success. No work was done on a switch 
at the time of this v,riting as this was available (RRL type M2415) . 
It was tentatively decided also that the fV radar indicat or could 
be modified to give the desired type of indication, avoiding the 
necessity of designing and including a separate indicator. 

MIND.1UM REQUIREMENT FOR f'UBMARINE DJRECTION FINDERf FOR FREQUE1-CY 
AANGF. 300 TO 6'ooo HC . 

3. The problems associated with the design of a direction finder 
for submarines, in addition to those of any shipboar d direction 
finder, are incident to the necessity of the collectors to with­
stand submersion and depth charging and in some cases, like the 
present one, to operate w~ile the submarine is at r adar depth. 
~ince the periscope themselves are not usable for direction 
finding antenna mounts, at least in the freque~cy range of this 
problem, it is logical to consider the use of the Sf radar re­
flector as a rotating mount since this is the only radar 
which may be raised, other than the fT in th9 per i scope , and 
the PD, which the fV replaces. The alternative would be to 
use a separ~.te extensible direct.ion finding mast. 
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4. The direction!~ ontenm for the SV would have to be so designed 
as to pQssess the following characteristics: 

(a) The antenna must be specially designed mechanically for 
submarine operation. The antenna must be pressure and 
shock proof, that is, the antenna should be able to 
operate as usual after being submerged to a depth repre­
sented by 450. lbs. per square inch pressure, and after 
being subjected to the shock of a depth charge of at 
least 300 lbs . of TNT at a distance under water of 75 
feet. This connotes that compromises viith the di­
rectional performance and pick- up desired from the antenna 
will undoubtedly have to be made for the sake of satis­
fying this necessary condition. 

(b) The frequency range specified in the problem is 300 to 
6000 ffo with er.iphasis on the bands 300 to 1000 Mc and 
2000 to 4000 Ne . The lower frequency limit is ap~ra.ntly 
set by the availability of the DBW which covers &t 
present 90 to 320 Mc . It is implicit in the solution 
of the problem to provide searching ability over this 
range, that i s, it may be necessary to supply additional 
antennas to give allTround coverage. It is aseumed that 
pickup of both vertical arrl horizontal polarization is 
required as either may be encountered in this range. 
It is to be expected that a frequency range of 20:1 as 
SDecifiod will require more than one directional antenna, 
alth~ugh soF.e hope might be held for covering t~is ranJe 
(except 4000 to 6000 Mc) with a search antenna. Sensi-. 
tivity is not of ~rime conside-ation since this affects 
only the quality of operation and not the utility of 
the equipment. Relegating sensitivity to a secondary 
position of importance is justified since it may be 
anticipated that a fairly strong signal or none at all 
will be encountered due to the rapid ch~nge of attenuat!h:>n 
as the radio hoTizon is passed• 

(o) The type of signals of which the direction is to be lo­
cated may be varying in amplitude, either periodically 
or at random, and may consist of a series of pulses of 
various shapes and repetition rates from 60 to 4000 
per second. An arbitrary limit of one minute may be 
eet as maximum length of time in which a bcarl ng may be 
taken and still retain tho utility of the equipment. 
This mi~ht have been taken as being somewhat longer· 
except that using prcsont receivers it will be necessary 
to allot most of the time for getting a bearing on an 
un}:nown signal to finding the signal while searching. 
These requirements are closely related to the maximum 
speed of ro~~tion of the fV antenna wbicb is 6-8 rpm 
nt present. Cathode ray tube indication is desirable 
fror:i the point of view of achieving the maximum speed 
of taking bearings nnd simplicity of opevation, if 
~ot cons~ction~ 
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(d) Physical considerations , involve simplici ty of con­
struction, reliability, accessibili ty for servicing, 
long life (must equal t he life of the radar ) , small s ize 
and weight, and low power requirements. f'implicit y of 
construction, reliability, accessibility for servicing 
are best obtained if there are no moving parts outside 
the submarine's Pressure hull as it may be expected 
that under war conditions no vror k would be possibl e 
above deck while on patrol. Tho size and weight of t he 
antennas are limited by drag and the capabilities of 
the suppor ting members, and sil houette considerations, 
the mrucimum permissibleaperture dimensions probably 
being those of the radar reflector. Minimum s ize and 
weight for the accessory equipment, such as t he indicator, 
suggest aircraft type construction, particularly since 
receivers now used on submnrines nre of the aircraft 
rack type, or combination with other existing equipment 
e . g. the SV indicator. 

THEORETICAL INVEf'TIGATION OF ROTATHTG DIBECTION FINDERf' 

5. Direction finder s using a rotating 2ntenna patter n and the 
information obtained from the variation in receiver output obtained 
thereby nre subject to cer tain limitations in their capabi lities 
not attendant on an instantaneous or "ideal" direction fitrler . On 
a steady sigMl tho time required to assure taking a bearing v:i th a 
r otating pat tern is limited to a minimum of one rotation of the 
antenna pattern, whatever it may be. Typee such oe the Model DBM, 
ideally having no 180° ambi guity, v.ill give a bearing on a steady 
signal in one revolution, assuming the frequency of transmission 
and gain required have already been deter mined. In other types 
a good neny revolutions may be required and more than one patter n 
may be used e . g ., the figure- eight ~nd the car dioidof the Model 
DAQ equipment. 

6 . However, if the signal, of which the direction is sought, 
is varying in amplitude there is no longer the direct correlation 
between the antenna p.<?.ttern and the receiver output that there 
was formerly . It may readily be seen that the transmitted signal 
may vary in amplitude in such a manner +hat no bearing can be 
obtained. This condition will frequency occur where the pattern 
of the transmitting antenna has a sharp maximum in one direction, 
and the antenna is rotated, as in the case of a radar equipment. 
The rate of rotation of the direction finder beam for certainty 
of interception in a certain time is deter I'lined by the Ylidth of 
the beam of the direction finder, the widt h of the radar beam, 
and speed of rotation of the radar. 



7. In this problem the speed of rotation of the direction 
finder is inherently limited to six revolutions per minute. 
Furthermore, the maximum length of time for taking a bearing 
that would be permissible in any case is one minute, as explained 
in Paragraph 4 (c) . The practical beam width of the direction 
finder is limited to a maximum of 45° which gives i. 22.5° 
aecuracy on one interception in the ideal case assumed for the 
purposes of this discussion. The radar beam widths to be en­
countered are probably le~s than 10° wide. The result of these 
limitations is that with only a limited range of ··speed :i:atioo may 
the radar be intercepted in the requisite length of time. The 
question th1c:n is, what is the range radar ..iJ d.:f. speed ratios 'that 
permit interception and is this range useful? The following 
mathematical analysis will show that the ranges are so small and 
seanty even for the theoretical case, that a direction finder is 
useless against a radar rotating at approximately the same speed 
or even within a ratio of 2: l or l : 2. Where practical d.f. 
and radar patterns are considered, the results become even less 
favorablo due to substantial back and side lobes adding spurious 
interceptions . 

8. The problem is illustrated by the following figure: 
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9. At 0 1 is located the source of a rotating radar beam of 
beam width ElR and assumed to be rotating with a uniform angular 
speedt.1R. A direction finder beam of angular width 01) rotates 
with a uniform angular speedwD about the point o. Each of the 
points O and 0' is considered to be stationary~ It is assumed 
that the radar signal is of constant ~aximum strength over the 
angle SR and zero over the remaining 3600 - SR. Likewise it is 
assumed that the sensitivity of the direction finder is constant 
and maximum over the angle BJ:) and zero ovor the remaining 
360° - So. Furthermore it is assumed that any reception of 
energy from the radar beam by the direction finder is sufficient 
for obtaining an interception. 

10. The initial orientation of the two beams is arbitrary. 
Certainty of interception results when the number of rotations 
of the radar and direction finder beams is sufficient to cause an 
interception from any initial orientation. Of course there 
is the very lil:ely possibility that an interception will occur 
in less time than required for certainty~ In a report shortly 
to be published by this Laboratory (Reference 8), corrlitions 
for assuring an interception are estabjished. Here only the 
final results vlill be giv:m and conclusions dra,m from them. 

11. Let N'Jl be the number of rotations of the radar beam and 
Nn the number of rotations of the direction finder beam required 
to assure interception. It is shov;n that NF. and ND are integers 
which are relatively prime. For a given value of NR. permissible 
values of No are all those integers relatively prime to~ and 
larger than 

Nn = ~600 - NR 9D 
e:·R (1) 

Likewise for a given value of Nn, the permissible values of 
NB. are all those integers which arc relatively prime to No and 
larger than 

(2) 

12. In the case encountered here Nn is inherently limited 
to values of six and less since an interception is required 
in one minute and the rotational speed of the direction 
finder beam can be no greater than six rotations per minute. 
Let eit = 100 and 61) = 450. As pointed out previously these 
are about as large as can be expected. Then for Nn: 6, 
equation (2) gives 

NR_ ~ 360° - 6 x 10° = 6~ rotations. 
450 3 
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Hence, for N:o = 6, 9R £ 10°, and 61) : 450 the permissible values 
of NR. arc 7 and nll numbers greater tb~n? which are relatively 
prime to 6; i .e., the permissible values of NH_ are 7, 11, 13, 
17, etc. Tabulated below arc the permissible values of Na_ for 
€lR. = 10°, Bn= 45°, and Nn : 1, 2, 3, 4, 5, or 6 . 

1 
2 
3 
4 
5 
6 

8, 9, 10, 11 • • • •• • 
9, ll, 13, 15 • • . • • 
8,10,11,13 • ••• • • • 
9,11, 13,15 • • •• • 
7,8,9,11 .• •• . • • 
7 ,11,13 ,17 • • • • • • • 

13. It is thus seen that for these beam widths a minimum 
of 7 rotations of the radar beam is required to assure an inter­
ception within six rotations of the direction finder. 

14. Let the r~tio of the rotational speed of the direction 
finder beam to that of the radar bo called the~ ratio; 
it is designated by the symbol A. Thus the speed ratio is 
defined by the relation 

(3) 

15. It is shown in Reference 8 that for given values of 61) 
and €rf{ a permissible set of values of N:o and Na, determines a 
region of vo.lue of A for whi ch interception in certain. This 
region is called an ~ntercept region. A set of values of l\ 
and ND determines a single intercept region. The lower limit 
to this region is given by the equ~tion 

Amin = _3_6o_o_M_-_9i) ___ _ 

36QO(MNfl- l) .-No 1-- 6R 
(4) 

The upper li~it to this region is given by the equation 

(5) 

Before A. and Amax can be evaluatei, the number M must be 
determin~ This number is evaluated by the requirement that 

MNR-1 = an integer (6) 
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The number Mis the smallest integer which will satisfy the re­
lationship (6). For small values of NJt and NJ) the value of Mis 
quickly obtained by a method of trial and error since M is always 
smaller than Nn. For large values of NR and No this method becomes 
laborious. For the general method of solving {6) the reader is 
referred to Referenoe 8 or to a text on the theory of numbers. 

16. Equations (4), (5), and (6) will be illustrated by 
NR ~ 7; Nn: 5; 9R = 10°; 6n = 450. Firs~equation (6) is used 
to determ~e M. It is found after trying M = 1 and 2 that 
M = 3 and .MN°R_-1 _ 
~ - 4. 

Thus Amin= 3600 x 3- 450 - .7138,· 
3600 X w lOO 

Arna - 360°(5-3).,l45o : .7150. 
X - 360°(7-4)- 10° 

Thus interception is certain to occur within 7 rotations of the 
radar beam and 5 rotations of the direction finder beam if the 
speed ratio lies between 0.7138 and 0.7150. 

17. In order to make the interception of radar signals by 
direction finders more difficult, it is likely that radar equip­
ment will not in the future be operated continuously. After 
executing a certain number of rotations of the radar beam the 
radar equipment will be switched off and then turned on again 
at an arbitrary time later. In the present case in which an 
interception is required within 6 rotations of the direction 
finder the intercept regions are few and narrow if the radar 
rotates 10 times . It is likely that no more than 10 rotations 
of the radar beam will be made. 

18. Reference to the table of permissible values of~ for 
Nn = 1, 2, 3, 4, 5, 6 shows that are 11 possible intercept 
regions for NB,= 10 and less. Actually there are only 9 distinct 
intercept regions since the three regions given by~= l; 
NR: 8, 9, 10 overlap giving a single intercept region. These 
9 intercept regions as calculated from equations (4), (5), and 
(6) for ElR. = 10° and 6r) = 45° are: 

INTERCEPT REGION~ 

(yalues of A) 

0.0969 to 0. 1286 
0. 2172 to 0.2262 
0.2890 to 0.3048 
0.3729 to 0.3785 
0.4315 to 0.4482 
0.5514 to 0.5704 
0.6193 to 0.6285 
0.7138 to 0.7150 
o.8514 to 0.8581 

(Noi Nn) 

~t:f '10
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19. Since the rotational speed of the direction finder beam 
is limited to a certain maximum value ( 6 r.p.m. here) it may 
be impossible to reach some of the intercept regions. For example, 
if' the rotational speed of the radar beam is 10 r.p.m. and the 
maximum rotational speed of the direction finder beam is 6 r.p.m., 
the maximum speed ratio which can be reached is 0.6. Hence, only 
the first 6 of the 9 intercept regions calculated above can be 
utilized. If only the first 6 regions can be used then 8 rotations 
of the radar beam will be required for certainty of interception 
instead of the 7 rotations v:hich would be required if all 9 inter­
cept regions -v:ere usable. 

20. For some speed ratios certainty of interception will never 
result even v.•ith an infinite number of rotations of the radar beam. 
For example, if the speed ratio equals unity, interception will 
occur either on the first rotation of the di~ection finder beam 
or never. There are many other speed ratios for which certainty 
of reception will never result. These speed ratios are easily 
calculated after the lowest permissible values of No and NR have 
been found from equations (1) and (2). For speed ratios less 
than unity those for ~hich an interception can never be assured 
are obtained by dividing No by those integers vhich are less 
than the lovrest permissible value for Na, greater than No, and 
relatively prime to No. Thus for BR = 100 and €JI) = 450, certainty 
of interception cannot be assured far the following speed ratios 
less than unity: 1/7, 1/6, 1/5, 1/4, 1/3, 1/2, 2/7, 2/5, 2/3, 
3/7, 3/5, 3/4, 4/7, 4/5, and 5/6. There are also speed ratios 
greater than unity for ,;:hich certainty of interception will never 
result. To obtain these, one divides by~ those integers which 
are less than the lowest permissible value of Nn, greatar than~, 
and relatively prime to NR. In the case of 0R,: 100 and €r) = 45o 
there are 71 such speed ratios larger than unity and they will not 
be written down here, since if the direction finder beam is limited 
to 6 r.p.m. it is not likely that the radar speed will be sufficiently 
slov1 to permit speQd ratios greater than unity. Plate 13 shows, on 
a lo~arithmio plot, the intercept regions calculated above together 
,;,-i+,: the speed ratios, unity and less, for v1hich interception can 
never be assured if the beam v,idths aro 45° for the direction finder 
and 100 for the radar. 

21. The analysis of Paragraphs 5 through 20 ~ay be summarized as 
f-,llovrs: 

(a) 

(b) 

For a direction finder limited to a maximum of 6 r.p.m., 
at least 7 revolutions of the r adar beam are needed to 
assure an interception within one minute if the radar 
beam width is 10°, and tho direction finder beam width 
is 45°. 

f.~orc than 7 revolutions of the radar beam may be 
required as a minimum if the angular speed of the radar 
is great enough that the speed ~atjos corresponding to 
some intercept'regions cannot be attained by the 
direction finder. 
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(c) There exist numerous speed ratios for which interception 
cannot be assured given even an infinite time. 

(d) If it is assumed that no more than 10 revolutions will 
be made by the radar before switching off, the inter­
cept regions are so few and narrow that an interception 
is very unlikely for beam widths of 45° and 10° for 
direction finder beam and radar beam respectively and 
for a direction finder limited to a maximum of 6 r.p.m. 

CONeIDERATIONf' IN DESIGNING A DIRECTION FINDER FOR THE SV RA.DAR 

22. A discussion of the factors associated with designing a 
direction finder of the type suggested by this problem to fit into 
the present structure of the ev radar as nearly as possible may be 
divided into three parts, those associated with the antenna, the 
leads from antenna to the receiver, and the receiver and indicator. 
The assumption is ma.de, contrary to the indications of the previous 
section, that a maximum, beam type antenna and indicator is to be 
employed. 

23. The antenna, as bas been said previously, would undoubtedly 
have to be divided into at least ·two bands to cover the frequency 
range desired. The division point would be about 1000 to 1400 
Mc, since this gives about a 3:1 band to be covered by the lowest 
frequency collector, which is the maximum range that could be 
hoped for in a highly directive antenna. These antennas must be 
mounted on the back of the CT antenna without extending substantial­
ly beyond the edges of its reflector since this reflector faces 
ahead when in the secured position and an increase in the fore and 
aft silhouette would increase the drag, when submerged, to the 
danger point for the mount, However, the drag would not be in­
creased too much by fillingin part or all of the grill work of the 
reflector. 

24~ A number of types of antennas fpr the lower range would give 
the desired pattern for both polarizations but may be discarded 
bec~use of limitations of size and pressure-proofness already 
stnted. A parabolic reflector is immediately seen to be im­
practical because it needs to be several wave lengths in width 
at the lowest frequency encountered, JOO Mc. This length amounts 
to several meters, although the FV reflector is only 48 inches 
wide by 24 inches high. Parabolas also introduce complicated 
phasing problems over such a wide range . A long wire antenna such 
as a rhombic is not very suitable since it requires a large area 
(several wave lengths on a side) in the horizontal plane, al­
though one might be used if nothing else were found practical, 
A Yagi array has nothing to offer since this is essentially a 
narrow-band device. An array with a flat reflecting plane 
behind offers some possibilities since above a ce~tain minimum 
frequency tho reflector is not frequency sensitive, and a number 
of nntennns spnced one quarter wavelength or less from the 
reflector may bo driven in phase over an_y frequency range._ By 



making the spacing between the respective antennas one half 
wavelength or less at the high end of the band hif-h directivity 
in the horizontal plane may be obtained at the hi gh frequency 
end with substantial advantage :m:idirectivity over a si ngle antenna 
at the low end. The way this type of antenna may be ma.de pressure­
proof will be covered below under 11 Types of Antennas Tested11

• 

25. The choice of antennas for the upper frequency ranges 
would be limited to horn antennas by reason of the necessity for 
pressurizing. A 50° horn with a circular aperture and the correct 
type of wave-guide- to- coax ma.tcbing section could be made to re­
ceive all polarizations with a usable degree of directivity. 
Pressure- proofing could be done by use of a flat sheet of Dilecto 
over the aperture. Dilecto has been found to be most suitable 
for underwater shock resistance by experiments under cognizance 
of the Taylor Model Basin, Carderock, Maryland. However, it 
might be found more practical to make the wave guide free- flooding 
and pressure- proof only the coaxial feed . The connection of the 
antennas and receiver-::j.ndicator presents a number of problems 
which are not too difficult of solution. The use of RG- 8/U cable, 
rather than a larger cable with less attentuation, as a trans­
mission line is practically forced by the necessity of running 
the line down in the limited space between the torque tube which 
supports the 8V anteri ..... 'la, and tho \'lave guide contained in it. A 
limitation imposed by the design of the fV is that only one co­
axial line may be run out of the torque tube for the direction 
finder, because of the necessity of a rotating joint near the 
point where the line runs through the 11 doorknob11 of the SV wave 
guide. The limitation is also imposed that power for any 
sv1i tching that iroy need to be done should go through the center 
conductor of this coaxial joint to avoid slip rings elsewhere . 
The most feasible arrangement, howGVerj for selecti ng the antenna 
would be to mount the r - f switch on the base of the extensible 
torque tube and operate it by hand, avoiding the considerable 
comrlication attendant on getting power in and out of the inner 
conductor of a coaxial line over a frequency range of 20:1. 
The transmission lines from each of the antennas would run down 
through tho space mentioned, use of a number of small cables 
being perfectly practical. Another switch would, of course, be 
necessary on the receiver- indicator side to route the signal 
chosen by the first switch into the correct receiver. If a 
communication system is to be used in conjunction with this 
rotating joint section in addition to the direction finder, pro­
vision must be made for this in the form of extra positions 
on the rndio frequency switches . It is expected a length of 
P.G-8/ U cable could be hung in a loop in the retraction well to 
permit raising and lowering the SV antenna . 

26. A separate search antenna (or antennas) is required to 
cover the complete aximuth for search, if beam antennas such 
as those are used, It is obvious that if the ~Vis the only 
projection above the water except for the periscopes at the time 
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an interception is desired, a non- directional antenna mounted 
anywhere other than on the SV (the periscopes are out of the 
question of course) is useless. Therefore, the sear ch antenna 
must either be mounted above the SV reflector to get a clear view 
in all directions or else consist of a number of antennas 
mounted around the rv antenna so that the total has a clear view 
all around. 

27. The choice or design of a receiver i s specifically ex-
cluded from the problem so that it is assumed standard receivers 
would be used with the direction finding components, such as the 
SPR-1 and the APR- 5AX, both of which have a nominal 52 ohm input 
and a 11 video11 output as well as 600 ohm line for phones. These 
receivers lend themselves quite readily to any arrangement for 
indication by reason of this low impedance video output which 
permits a line of reasonable length to be run to the indicating 
device without too much attenuation of the higher frequency com­
ponents of the wave received. As a matter of fact, this is not 
of much consequence i-1here the wave shape of the pulses received 
(if they are pulses) is not important as is the case here . The 
type of receiver used, however, does influence the time available 
for direction finding as point~d out previously. A discussion 
of the very difficult problems of designing a search receiver 
capable of Jocating signals in a reasonable length of time is 
contained in References 3 and 4. ~tandard receivers such as the 
SPR- 1 and SPR-2 are grossly inadequate as these reports show. On 
the assumption that the APR- 5AX receiver would be used at present 
to cover the frequency range 1000-6000 Mes., consideration of the 
design will be limited to a top frequency of 4500 Mc since the 
APR-5AX performs very poorly between 4500 and 5500 Mc. (Reference 
5) . 

28. The indicator would be a device consisting of a video 
amplifier, a cathode ray tube, and means of deflecting the beam 
from a central position in synchronism with the rotation of the 
SV reflector (shifted in angular space phase by 180° since the 
d- f antenna is on the back of the SV reflector). Intensity 
modulation of the beam would be essential to brighten the trace 
from signals with low pulse repetition frequencies and short 
pulse l engths. The amplitude of the intensity modulation would 
preferably be an inverse function of pulse repetition rate of 
the received signal to Ui9.intain equal brilliance on all pulse 
repetition rates. A 36x and a lx ~elsyn output are available 
from the SV for giving a reference voltage to fix the position 
of the yoke, but only the lx would be needed since sufficient 
accuracy for direction finding can be obtained {a fraction of a 
degree) wi t h the 1x servo drive system which would be used if 
it is found t he ~Vindicator cannot be used. 
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29. The ~Vindicator itself embodies most of these requirements 
so that by making a few changes in the circuit and putting a 
radar/d- f switch on the panel, an additional indicator unit might 
be eliminated, also insuring that the radar and d- f would not 
be on at the same time . In this connection it should be said 
that any intercept receiver with a crystal input should be switched 
off from its antenna, vrhen the radar is used, to avoid burning 
out the cr ystal. The changes necessary in the SV indicator cir­
cuit would consist primarily of provision for injecting the d- f 
video signal into the intensity amplifier now in the SV, using 
the output of this to modulate the beam in deflection as well 
as intensity, and reversing the yoke 1800 with respect to the 
antenna (easily done by interchanging the rotor leads on the 
·salsyn control transformer driven by the yoke) . 

30. If the SV reflector were to be used for supporting a 
direction finding antenna it would be almost imperative to use 
an On- 9hips-Course drive for the SV antenna rather than the simpl e 
d-c motor now used. This 0.8 . C. drive consists of a servo system 
which relates the antenna position differ entially to the ship's 
position and the compass information so that if the antenna is 
trained or sector swept as it would need to be at times for d- f 
and IFF operation, (the Mark V IFF antenna is to be incorporated 
into the SV reflector too), it will maintain its true position 
as the submarine changes course under it. 

THE EQUIPMENT FOR E'IMULATING THE PROPO~ SV DIB.F,CTION FINDER 

31. A test set- up was made using a Model BI IFF pedestal, 
APR- 1 and APR-5AX receivers, and a CXGA amplifier and indicator 
to permit the conditions of operation to be encountered in a final 
fV ~et-up to b~ si~ulated, to check the conclusions of the "Theo­
retical Im,r~b.gat:icn.of Rotating Direction Finders 11 above as they 
apply to the limited rotational speeds and beam widths available 
in the practical system and to eliminate any imponderabl es. The 
BI pedestal consists of a permanent magnet crater and reduction 
gear driving an antenna mount at a maximum speed of ten rpm 
with a 36x synchro output. It was modified to give a synchro 
output of 10:x to tie in with the 10:x drive of the CXGA indicator, 
and a maximum speed of six rpm to agree with the SV rotational 
speed. A Ward- Leonard drive was buil t up permitting rotation of 
the antenna mount at any speed up to six rpm and reversing direction 
by means of flipping a switc~ A rotating coaxial joint was made 
in the pedestal for the RG- 8/tJcable connecting antenna to re-
ceiver by the si~le expedient of mounting Type "N" plug and 
jack connectors without the threaded sleeve holding them to-
gether in position at the point of rotation. This was quite 
satisfactory, developing only a small amount of noise after 
considerable use. If coin silver were used for the female 
outer conductor and male inner conductor and stainless steel for 
the mnle outer conductor and female inner conductor, the Type 
11N11 connector design might be suitable for continuous operation 
over a very considerable period of time in a slowly rotating 

_j_oint. 
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32. The antenna pedestal was installed about 30 feet from the 
ground on the top of a wooden structure (Plate 9) at the Labora­
tories direction finder field at Blue Plains, D.C. Cables led 
down the center of this structure to the small hut below, where 
the receivers nnd CXGA amplifier and indicator were located (Plate 
10). For the purpose of running patterns with a local signal of 
controllable frequency and polarization, a 30 foot pole was 
installed at a distance of 30 feet from the hut and antennas and 
transmitters were mounted on the platform, located at the top, 
when patterns were taken. A large hardware cloth screen was 
mounted approximately halfway between the pole and the hut to 
reduce the effect on the amplitude and direction of arrival of 
the signal at the ~edestal of the signal normally reflected from 
the ground. The vrire screen (Plate 9), being large compared with 
a wave length at the lowest frequency to use three wave lengths 
et JOO Mc), reflected most of the energy back towards the trans­
mitter. found powered phones were used between the hut and the 
operator of the transmitters, the connecting cable running down 
the pole and around the screen on the ground, paralleling the 
power leads to the transmitters. Arrangement was made for photo­
graphing patterns appearing on the indicator of the CXGA 
equipment. 

DifCUSSIO:N OF THE TYPEf OF ANTENNA INVEfTIGATED 

33. In lino with the necessity of checking by experiment the 
unencouraging principles already mentioned, several directional 
antennas were built up and patterns taken over a ~ide range of 
frequencies covering the lower end of the band to be covered 
(JOO to DOO Mc). Work was commenced on this range first because 
it presented the more difficult problems, considering the 
limitations of size and shape. Two tynes of patterns w~re de­
sired for test purposes: one, where the response of the antenna 
is limited largely to a small range of azimuth, and another, where 
the response is approximately the same in all directions except 
for a sme.11 range of azimuth. Each one would be equivalent of 
tho other as for as tho p:rinciples governing the bearing-taking­
ability arc concerned~ but the second type wouJd have the ad­
vantage of reducing the need for a search antenna possibly to 
the point where it could be dispensed with. 

34. Investigation of a suitable design for tho first type was 
commenced by developing a broad b~nd array to fit the size of the 
8V reflector. It was immediately seen that individual antennas 
of the array could not be fed in the manner that is used for 
radar antennas, since these antennas ere essentially narrow-band 
devices and the currents in the several dipoles rapidly become out 
of phase as the frequency is changed. This is due to the 
practice of feeding a number of dipoles at one end of the row~ 
For correct phasing at any frequency the electrical distance 
from the co~mon feed point to the individual collectors must 
be the sareo. Having chosen the top end of the band to be 
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covered at 1000 Mc, the maximum spacing of the collectors is 
determined (six inches) since a spacing much larger than 
one half wavelength results in breaking up of the major lobe 
whereas a smaller spacing only results in some broadening of the 
major lobe. This made the largest practical number of clements 
four, since the fV reflector is 48 inches wide, and a substantial 
margin should be left at the edges. Tho length of each radiating 
element is also fixed in the same manner, as lengths over one half 
wavelength (end fed) result in a broken-up pattern. The angle 
to the horizontal a t which the elements are set is fixed at 
45° by the presumption that the antenna should receive both polariza­
tions of signal. It was tentatively decided to use a terminated 
antenna which had the same characteristic impedance as the line 
it feeds to keep reflections in the antenna and on the line to a 
minimum. This led to a difficulty since it is impractical to 
build a concentic line of the impedance required to feed one 
52 ohm line with four antennas (200 ohm each) in parallel. 
However n compromise could be made by using an available line 
(95 ohm) to connect each pair of two 95 ohm antennas to separate 
junctions which could themselves be connected to the 52 ohm line. 
Pressure proofing could be facilitated by mounting the four 
antennas flush with the surface of a trough one- quarter wavelength 
deep at the highest frequency (to avoid breaking up of the major 
lobe). The pressure proofing could then consist of thick sheets 
of dielectric material sealed over the openings . 

35. An antenna was constructed embodying these principles. 
The first model had a trough five inches wide by three inches deep 
extending three- quarter s of tho way across the copper sheet which 
represented the SV reflec tor. Patterns taken on it showed the 
ma.in lobe to vary considerably in its direction with frequency. 
Coupling between the antem1a elements was suspected to be the 
trouble and another antenna was constructed utilizing a separate 
depression for each antenna. This was called the 11Cupcake" be­
cause of its appearance (Plate 12). The radiating elements nre 
made nearly round, (Plate 11), to present an impedance of approxi­
mately 100 ohms to the feed lines which are seen running down the 
face of the reflector. Two one-quarter watt, 200 ohm resistors 
in parallel terminate the far end of each of theelements within 
a broad approximation. 

36. This redesign using individual depressions proved to be 
successful and the patterns obtained are shown in Plates 2- 8 . 
The arrow in each represents the physical direction of the t r ans­
mitter. The change in direction of this arrow at 1000 Mc is due 
to the fact that when these lower frequency pat terns were run, the 
pole was not yet in place and a more distant locat ion in the 
opposite direction (without the screen) had to be used. These 
patterns shou satisfactory oper ation between 400 and 1500 Mc. 
indicating the antenna might be redesigned with a larger 
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spacing of elements, possibly using only three to reduce the 
increased sharpness at the high end over the low end, and 
probably correcting the shift of the horizontal response at 
300 Mc. In examining these patterns it should be remembered 
that an end-fed dipole is inherently asymmetrical. ftanding 
wave measurements wore run on the antenna (Plate 1), the average 
voltage ratio being well under a maximum of 4:1 whi ch occurs 
at 550 Mc. This curve could be considerably improved by im­
proving tho match of the antenna elements and terminating re­
sistors to the line, the latter of which were only nominally 
correct. 

37. A cursory trial at designing an antenna to give the all-
around coverage except for a small section, listed as the second 
type of anten.".l.a suggested , -r1as made . A V- sbaped reflector of 
suitable size was constructed to be rotated in the horizontal 
plane. The collector was a small loop mounted at 45° halfway 
up the outside of tho apex of the V, the thought being that sig­
nals arriving in the angle covered by the base of the V would 
be reflected away from the collecting element. Pattern tests 
showed, however, that there was no obvious correlation between the 
numerous and unpredictable nulls and the shape of the reflector. 
No further investigation of this type of antenna was made al­
though this result was not taken as conclusive since there exist 
other possibilities for producing this type of pattern although 
it is expected that development would be difficult and the out­
come doubtful. 

38. fince a search antenna was quite likely to be needed, a 
vertical double cone antenna 12 inches in diameter by 10 inches 
high was constructed,which for vertical polarization was found 
to be feasible for covering the range 500 to 4000 Mc . The 
voltage standing wave ratio was found to be less than 2:1 over 
this range except between 500 and 600 Mc, where it goes up to 
2.75:1 . A free- flooding antenna of this type could be readily 
built into the SV reflector if one cubic foot of space could be 
occnDiod above the ~V reflector. Attempts at conversion of 
horizontally polarized vraves to vertically polarized by numerous 
wires placed at 45° distributed around the periphery of the cones 
were not successful due to nulls which appeared in the patterns 
except over a small portion of the spectrum at the lower end. 
Tilting the whole antenna is not feasible at the higher fre­
quencies because of the high vertical directivity of the double 
cone at these frequencies . There remains considerable possibility 
that a useful search antenna might be desi gned to cover from 300 
or at least 500 Mc to 4000 Mc using variations of the double 
cone described above. 

-15-
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~PERIMENTAL CONFIRMATION OF THEORETICAL INVE~TIGATION OF 
E0TATING DIRECTION FINDER.f! 

39. The principles discussed previously under "Theoretical In-
vestigation of Rotating Direction Finders11 , beginning at Para­
graph 5 above, were found to hold for tho practical application. 
The "Cupcako11 antenna was used to give an approximation to uni­
directional response and was taken as representative of what a 
final model of an SV direction f'indcr might be. Fixed and ro­
tating radars located nearby were observed on the indicator with 
the direction finder antenna rotating at various speeds up to the 
maximum of six rpm. Bearings on fixed amplitude signals could 
be taken to a degree of accuracy limited only by the error in the 
pattern of tho d-f antenna and tho width of the beam. However, it 
was not found possible to take any bearings at all on a rotating 
or continua~ly sweeping radar, all of tho ones observed having 
rates of rotation equal to or somewhat greater than those of the 
direction finder, as well as sharper beams. The appearance a 
rotating signal makes on the screen is a sharp lobe which may 
flash on the screen in any position regardless of the heading of 
the reximum lobe of the 0.iroction finder antenna. The signal is 
picked up on minor side and back lobes of the d- f pattern. If the 
gain of the receiver is reduced to ,1he:r-e only coincidence of the 
two beams will give an indication, doubt immediately arises as 
to whether the gain may not have been reduced too much, or as to 
whether the signal is still there at all. 

40. The effect of using a broad pattern instead of a narrow 
one was checr:-ed experimentally with a very slight amount of 
success. An XCY (DBV, DXB) collector was mounted in place of 
the 11Cupcake11 and used in the band for which it was designed. 
It was found that under restricted conditions a bearing could 
be taken with it. The conditions arc that the intercepted 
signal is strong enough so that its minor lobes may be observed 
on the screen, that the signal is on for about one minute, that 
the frequency (in the case of a redesign for the SV) is such 
that the reflector is very large compared to a wavelength (five 
wavelengths or more) to greatly reduce backside pickup, and that 
the operator is experienced in interpretation of the meaning of 
the numerous pips and grass. The be~ring appcars in the form of 
a greater preponderance of pips on one side of an 180° sector of 
tho scope than the other. ~uch a bearing could probably b~ 
taken to within I. 45°. Because of tho size of the 8V reflector 
the lowest useful frequency would probably be about 1000 Mc . 
If more than one radar of the same frequency were intercepted 
at the imme time from different directions neither bearing rould 
be obtained. 
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ALTERNATIVE~ TO THE USE OF A ~IMPLE UNI- D~TIONAL A:t-JTENJ-:rA 

41. ~ince the systems that have been described so far in this 
report are of very doubtful utility in view of the large per-
centage of signals of varying ampli tude upon which the direction 
finder must work, other systems have been considered as alternatives. 
Four types, in increasi ng order of probable utility are: first, 
an arrangement using a fast ncting r-f switch for compari ng a search 
antenna pattern with a highly directional pattern; second, a lobe­
switching arrangement, preferably with the two lobes each giving 
more than 1800 coverage on its respective side; third, a high-
speed rotating directional antenna, similar to the DBM to 
supplement the DBW; fourth, a separate non- rotating extensible 
mast supporting four antennas equally displaced around the 
azimuth, connected to a four channel receiver to give instantaneous 
indication of direction. 

/42. The first of these, the search-directional antenna com-
parison system, while theoretically possible does not seem to 
lend itself readily to practical construction. It is readily 
seen that this product of the amplitudes of a ci rcular pattern 
and a directional pattern would not be a function of the ab­
solute amplitude of any signal they might be picking up but 
only a function of the orientation of the directional antenna 
with respect to the direction of arrival of the signal. How­
ever, the practical construction of a system like this using 
only one coaxial lead to connect antennas to receiver, in­
volves use of a fast acting lobe switch mounted, in the case 
of the ~V installation, outside the pressure hull or on the 
lower end of the 0xtensible torque tube . It also requires that 
the outputs of the receiver due to the individual inputs be 
sorted correctly and applied to a circuit which wil l give a 
multiplication of the two outputs after integrating them, 
possibly requirin~ a very fast a.v.c . in the receiver. This 
latter is in itself very difficult when the signal received 
ma:• consist of very short pulses widely spaced. In addition 
to this, the difficulty of producing a search antenna with a 
pattern somewhat resembling a circle is great. 

43. Lobe switching of two broad patterns seems to be some­
what more feasible than th0 system just described but has the 
limitation in common with the other th~t information a s to 
which antenna is connected to the receiver must be conveyed to 
the indicating device . This requires in both cases, either 
using the center conductor of the coax for the power and in­
formation, or using slip rings on the torque tube. Using the 
center conductor presents very difficult problems in the form 
of getting the power and information together and apart and in~ 
and out of the center conductor while maintaining a 20:l ratio 
of frequency in the signals passed through th~ rotating joint. 
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44. Assuming for the moment th~t this could be done or that 
slip rings eould be used, two antennas would be required in each 
frequency range rith overlapping response patter ns0 preferably 
as v:ide as could be ma.de, up to something over 180 • This 
360° coverage is not available, of course, from the backside of 
the SV reflector only. flightly over 1800 in two 1000 (maximum 
angJ.A! not half power points) lobes is pr obably the best that 
coG..:.d 1ie done, requiring the use of a search 3.ntenna for tbe 
ren:::L,:~:r::- ::,.f the Jouu, The intlieatio~ wri,'.l::. in Ai~:.her event 
be ii, ,:;a i'.J"!:'m of two traces; .s,,2.::.:,,, ,,_ f'1c:-~1 i'.:.,1f,:T'i3s .:tpa:-:--L., 
rad:;. .. • 1._:_,1g fr0m the center of ,, •.?-c~. :-·, o-~e ray t,11Je, 'Phe amplitude 
of e'J ,;h trace would be proportfor..1:-.. to t ;1e amplitude of the 
s1e:!1· 1 received by its re spec-ti •12 2~J.°'v8,ma. The azimuth of the 
line .-:tsecting the angle thus forin-::ri would correspond to the 
azirr.d-h of the signal received wh3n the lines are equal length. 
~ende would be obtained by the direction of relative shift of 
linG ler.,_5'.;h with rotation of the collector ::i.f two 180° lobes are 
usedr A m~d~um sr,eed a,v .c. would als0 be very helpful here, 
since it wo'Jld reduce the total fluctuation in and out as com­
pared to the differential fluctuation which carries the useful 
information. 

45. A suitable lobe switch might be designed using one of two 
methods, either a mechanically r:;perated switch or an electre>nica}.ly 
operated switch. The mechanical sY1itch would consist of a ro-
ta ting member .-1hich would al te1 na tel y make ca paci ti ve connection 
between the individual input e,-,a:;,ces and tl1e output coax. Indi­
cation f :;_-om experiment with this type of switch shows that a single 
switl"!h ccuJd be designed to cover the frequency band 300 to 4000 
Mc v1~ th acceptable reflection. The electr onic switch would nrobably 
utilize '1 pair of lighthouse tubes as 11valvesn to cut off re­
ception alternately from each antenna. The tubes would be used 
as grounded (for r - f) grid amplifiers and a rectangular voltage 
would be applied to these grids reciprocaJ.ly to cut them off in 
sequ,:mce. 8uch a switch could be designed for from 300 to some-
v:ho. ".hove 1000 1-::c. The maximum speed of switching need be no 
f uf:,. ?· than the slonest pulse repetition frequency encountered, 
i . e ., 60 cycles per second or 3600 rpm. 

46,. The third choice is that of using a DBM type equipment 
adapted for submarine use . ~is could eithar be mounted on a 
bracket on top of the shears such as is planned for the DBW, 
or on a separate mast if available. ~uch a device for 11

~
11 band 

or higher could ~robably be m~de pressure tight by a ~lastic 
dome about 12'1 to 1811 diameter. For frequencies below 11 S11 

band this system would not be feasible because of the diffi• 
culty of producing a high spee~, pressure tight rotating joint. 
This joint would be necessary because below this band the 
antennas would be too large to permit the use of a plastic dome 
~f reasonable size and weight. This third choice may well fit in 
with the plans now being made to extend the operation of the DBW 
to the range 40 Mc to 1000 Mc, this device filling in above 1000 
Mc . 
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47. The fourth alternative, a four-collector, non--rotating 
antenna system could be used if a separate extensible mast were 
made available. This system could be used to supplement the 
DBV" above its present frequency range. The DBW would be built 
into the mast in this case although design of an instantaneous 
directioni'inder't~ replacethe TIEW sho~ld ·be planned. Tha cttrection 
finder system would consist of the four col lectors 00vering 
each its respective quadrant with a tangent-circle pattern, 
tour eables leading below uith ne.tched attenuation, and either 
a switeh for alternately passing the four inputs through a 
single channel .and distributing them on an indicator, or 
preferably, instead of the switch and single channel, four 
separate channels matched in gain, feeding the f-our plates 
of an indicator directly could be used. Either system would 
give automatically and quickly tho bearing of a signal, although 
only the second type would give instantaneous indication. The 
first type corresponds to the Model CXFF equipment and the second 
to a German equipment known as the "Verstarker Westerland11 • 

48. The collectors would consist of four square screens placed 
in a square around the mast . The antennas, to get the desired half• 
figure- eight pattern for both polarizations, would probably take the 
form of bent dipoles mounted in the center of the screens at 450. 
It might be found desirable to mount two antenna$ on each screen, 
one above the other, to get vertical directivity and increased 
gain. The maximum size of the screen is a function of tho 
lowest frequency to be used and must be at least 11/16 wavelength 
square at this lowest frequency. If the 10\'mst l imit in fre­
quency is 300 Mc, 27 inch squa:lf! reflectors v,ould be required. 
These eould be made of wire screen with holes of increasing 
diameter towards the edgee. However, a cube 27 inches square 
even in the form of a grating would be rather large mounted 
on a mast on a submarine . It would ·seem preferable to raise 
the lower frequency limit for this equipment to 400 or 450 Mo 
nnd decrease the size of the screen tQ 20 or 18 inches , This 
should be accompanied by an increase in the upper limit of the 
DB~, which now covers the range 90 to 310 Mc, to 400 or 450 Me . 
It would then possibly be desirable to divide the DB?' into two 
bands, say 150 to 450 Mc nnd 50 to 150 Mc, and its antennas in• 
corporated in the mast. Each set of four antennas and reflectors 
could be expected to cover a .3:1 range placing the upper limit 
of the lower band at about 1300 Mc. The next band would cover 
1300 to 4000 Mc and could be mounted on the same reflectors with 
the lower band. It would not be very difficult to provide three 
antennas to cover the frequency range if found desirable for 
improved patterns and consequently greater accuracy. 
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49. A two or three position tandem r-f switch of the coaxial 
type would be required to permit connecting electronic or rotary 
switches to collectors for the different ranges, and another 
r-f switch to connect the output of the switch to the respective 
receivers. In the case of the instantaneous type , no switching 
need be done and the receiver would have to be built to match 
the frequency range. 

50. All cables could be run down through the mast and looped 
at the bottom if the mast is extensible, or permitted to flex at tl:e 
joint if a lever type mast is used. 

51. If, as will be suggested later direction finding coverage 
is provided for the complete spectrum, the various r eceivers and 
indicators should be coordinated in design andmcorporated 
in one cabinet especially me.de to fit a particular location in 
the most common types of submarines, probably the navigator's 
corner of the control room. This cabinet should contain wide­
band panoramic receivers for watching the spectrum, with pro­
vision for setting the direction finder on the frequency of 
any signal of interest and switching from panoramic receiver 
to direction finder as quickly as ""eQuired. 

52, If separate panoramic receivers are available, present 
receivers will be satisfactory for direction finding in the ca$e _ 
where a fast-acting switch is used. If an instantaneous in­
dicator is used on the other hand, design of four channel receivers 
matched in gain in each channel will be required. This latter 
may be possible since the same oscillator would be used for each 
channel and the channels will be wide band. It may further be 
found practical to inject a superaudible signal as modulation 
~hich will travel through the four channels and the discrepancy 
at the output used to match gains. This syste~ also lends it-
self to automatic gain control which is very desirable to pre-
vent overloading of channels and aid in observntion of 
fluctuating signals. 

EVALUATIO}t OF THE R.F:LATIVE MERIT OF TFF. fEVERAL TYPE~ OF 
Dm.ECTION FHIDER!= PFE'"ENTED 

53. An cvalu2tion of the r elative merit of these direetion 
finders requir es first some prognostication of the types of 
signals such direction finders will be required to v1ork agaira t. 
fince the signals to be encountered will largely be radar signals, 
this again requires a discussion of what types of r adar a pro­
spective enemy may have or develop before a change in design 
of th" ,·liroction finder may be made. Indeed, the types of radar 
of our mm armed forces are of consequence since submarines are 
subject to attack from friendly as well .as enemy rources. 
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54. At the recent termination of hostilities, radar in this 
cruntry had reached a high state of development which c~n also 
be expected to be obtained in the near future by other countries. 
Nearly all U.S. search radars arc of the continuously rotating 
or sector sweep type, some .f:ev: obsolescent types still being 
omnidirectional. Fire control radars may be of the sector 
sweep type, lobe switching or conicel sweep, usually combined 
with the ability to be treincd for precision ranging and azimuth 
determination. The latest techniques and d3velopments include 
provision for keying these radars on for only a short time (as for 
instance, two or three revolutions of a rotating radar) and off 
for.a much longer time, and provision for frequency- modulating the 
transmitter as a countermeasure against 11window1t . In addition, 
random variation of the pulse repetition rate may be included, 
which would not make the direction finding problem easier. A 
very excellent discussion of this is found in Reference 7. 
It is expected future developments will include incr easing the 
rotational speed, random variation of this speed, and possibly 
random variation in the transmitted power. An increase in ro­
tational speed in and of itself may increase the case of di­
rection finding, at least in the case of a slowly rotating di­
rection finder. 

55 . Pince the utility of a submarine direction finder is 
largely in knov,ing the direction from i7hic}, a signal is 
arriving before the source of the signal gets within radar range, 
it may be safely snid that the direction of signals of varying 
amplitude (usuclly rotating radars) will be more often of use 
in the tactics of submarine oper~tion than the direction of 
steady signals . This is true for the reason that if a radar 
signal is steady the radar is probably trained on the submarine, 
and is consequently within the submarine's redar range . It 
might be pointed out here tr.at merely finding one signal c.nd 
learning its location is of secon0ary importance tactically 
since there may be a number of signals on in the area of opera­
tions, some friendly end some enell\Y. Even the signals of 
satur:::.tion strength are not of consuming interest since sub­
marines cannot afford to dive every time a satur~tion signal is 
received. A sublll.'l.rine commander will need to keep track of a 
number of signals at the same time, so that a constant flov, 
of information on variation in amplitude and variation in di­
rection or a number of signals is required of the direction 
finder. This puts an even greater burden on the direction 
finder because of the speed demanded of it for such operntion . 

56. ~ince it has been shown that maximum type direction firder s 
rotating at the speeds available in the ~V are nearly useless for 
taking bearings on rotating radars, thi s type mny be discarded 
immediately from consideration. This leaves the relative merits 
of (a) rota ting antenna direction finder s with lobe switching, 
and (b) fixed entcnna direction finders (both rotating pattern 
and instantaneous) to be discussed. 
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57. A lobe- switching direction finder (including both the 
maximum- search and svli tched broad lobe types) is theoretical­
ly feasible for use on rotating signals assuming that the speed 
of switching is fast compared to the variation of the ampli­
tude of the signal, but presents considerabl e practical diffi­
culties. A lobe- switch must necessari ly be a capacitive- type­
switch, continuously rotating and motor dr i ven to attain the 
switching speeds required. ~ince the lobe-switch will be in 
constant use it would have to be available for repair or re­
placement on patrol, requiring it to be mounted on the base 
of the extensible mast. It requires power and must provide 
a means of identifying the position it is in at any moment. 
This requires two or more slip- rings on the extensible shaft. 
fome special provision would have to be made for switching 
the traces on the indicator back and forth five degrees or 
more in synchronism v~ith the svritching. A separate search 
antenna would probably be required. The result would be a 
useful but not completely satisfactory instrument. 

58. A fixed antenna direction finder has a number of ad­
vantages and disadvantages which are difficult to weigh. One 
rreat disadvantage is the requirement of the installation of a 
separate mast, which could either be mounted on an extensible 
torque tube as in the 8V, or raised as a lever as in the German 
~chnorkel. Redesign of the fV mast so that only the SV antenna , 
and not the tube, rotates, permitting the addition of numer ous 
other antennas, has not been considered here, although it should 
be investigated. If it is possible to more easily make a 
separate mast available, it would have a considerable advantage 
over the rotating SV mount in that a number of other direction 
finder antennas could be mounted thereon such as those of the 
DBW as well as comnn.mications, IFF and others . In this regard 
it might be said that direction finding on all signals between 
15 kc and 30,000 Mc should eventually be provided for sub­
marines and such a mast could be used to hold the antennas to 
cover the whole range. The cables from the several antennas 
could be run down thra.igh the extensible tube or through the 
flexible joint to the various receiver s without any rotating 
joints or moving par ts in the electr ical circuit except at the 
receiver- indicator location, with the exception of frequencies 
above 5000 Mc where wave guides or remote tuning might be re­
quired. 

59. The advantages of providing instantaneous automatic 
bearings should not be underestimated. Ea&e and simplicity 
of ope~ation is an outstanding consideration in the design of 
any piece of equipment and is particularly important in a 
direction finder for supmarine use. fince the personnel of a 
submarine is limited, w·atohcs on intercept equipment are fre­
quently stood in their II spare11 time by enlisted men with other 
regular . duties . Instantaneous direction finders are con­
siderably easier to operate than other type~, requixin~ only 
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the manipulating of tuning and gain controls (and sense, if 
required) to obtain a bearing . Reliability of the bearings 
is of greatest importance . There always remains some doubt 
as to the correctness of bearings hastily obtained on other 
devices. The instantaneous type assures the correctness and 
in addition assures that all bearings will be obtained for the 
signals observed, no matter of how short duration . It is also 
possible to take two bearinps at once under the usually en­
countered conditions. Furthermore, in the case at hand, a 
separate search antenna is not required, since there is no 
sense ambiguity. The latter statement is true for f r e­
quencies above JOO Mc where half figure- eight patterns are 
used, and it could be ma.de true for lower f-.?r.1-u'3ncies, where 
a separate sense antenna is required. In tbis case the two 
usual direction channels could be ~upnlemer-~;d by a third sense 
channel matched in phase, or each of the two channels could be 
used intermittenUy for sens~ by electronic switching. 

60. It may be seen from the foregoing discussjon that 
whereas tbe lobe switching arrangement for &V mounting has an 
advantage in that it utilizes a mounting already available, it 
has no place in a long range program of supplying direction 
finding coverage of the whole frequency spectrum for sub­
marines, unless it is impossible to provide an adr:l.itional mast 
for countermeasures, communications, IFF and future develop­
ments along other lines such as infra red ray equipment which 
are in prospect for the future. 

CONCLU~ION~ 

61~ It is concluded that: 

(a) A maximum or null type direction finder is unsuit­
able for incor:ooration in the Model FV radar reflector for use 
against sign~ls of varying amplitude such as rotatine r~nars. 
This is predominantly beca~s~ of th~ ~xtrec~ lengths of. tine that 
may be required for taking bearings on such signals, necessi­
tated by the slow speed of the SV mount. 

(b) The ~V reflector moy be utilized as a mount for a 
direction finding antenna, if necessary, by the design of a 
lobe switching antenna system and indicator, with the modifi­
cations mentioned tmder Recommendations. 

(c) In view of the planned extension of the Model DBW 
direction finder to 1000 Mc, the most feasible interim solution 
may be the addition of an "f" band and possibly "X" band high 
speed rotating pattern direction finder to be installed on the 
submarine shears to supplement the DBri . 
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(d) The design of a system for permanent installation 
on new submarines should consist of a series of direction 
finders covering all the frequencies of interest to sub­
marines (ultimately 15 kc to 30,000 11c) mounted on a separate 
extensible mast either of the periscope tube type or the 
lever type. If cchnorkels nre to be put on the new vessels, 
the direction finders might be incorporated in them. 

(e) Direction finders for this permanent installation 
should be instantaneous in operation and combined with panoramic 
frequency coverage for speed of location of new signals. 

RECOMMENDATION~ 

62. It is recommended: 

(a) That if it is possible on submarines already con­
structed to employ a separate m'lst for direction finding and 
other purposes, the Laboratory be requested to design a di­
rection finder utilizing this mast to cover the frequencies 
of greatest use in the operation of submarines. In this case 
the laboratory should be requested to cancel the present 
problem. 

(b) That, if interim gear is required while such a 
direction finding mast is being designed, the DBW be extended 
as planned to 1,000 Mc and that the Laboratory be requested 
to design a spinning direction finder to cover 11S11 and 11X11 

bandsfor shear mounting. In this case the present problem 
should be cancelled. 

(c) That if the installation of a direction finder mast 
is not possible on existing submarines, and recommendation (b) 
is not satisfactory, the Laboratory be requested to consider 
that the present problem includes the design of a lobe- switching 
type direction finder antenna for use on the SV radar re­
flector if submerged Qperation down to 400 Mc is required. It 
is anticipated that this t,hird recommendation will not be 
practical unless slip rings are available on the SV torque 
tube, and thet coverqge from 4500 to 6000 Mc cannot be given 
unless some othe~ receiver than the APR- 5AX is available. 
On-~bips-Course rotational control of the ~V radar will be 
necessary if the SV is used for direction finding and would be 
desirable in any event. Other limitations will be found in the 
text, 

(d) That if rccommendetion (b) or (c) is adopted, pro­
vision be made in ~ture submarine design for a separate mast 
for direction finders and other antennas, and that complete 
coverage of the frequency spectrum be provided by direction 
finders of the instantaneous type coordinated with wide band 
panoramic display. 
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