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ABETRACT

This report contains an analysis of the operation of four (4) basic
direction finding systems against signals in the VHF, UHF, and SHF bands.
In particular, the parameters which determine the correct d-f scanning rate
are discussed for the case where the signal is pulsed and emanates from
a rotating, directional antenna, The mathematical probability of obtaining
a bearing against rader signals with different d-f systers is presented
and examples of such celculations are given., It is shown that the probability
of obtaining a bearing during one (1) sweep of a scanning rodar transmitter
increases as the d~f scanning rate is increased., It is also shorn that the
meximum usable d-f scanning rate is determined by the pulse repetition
frequency of the received signal., The requirements and limitations of
d-f indicators for usec with the above systems against pulsed signals are
discussed, It is found that prover design of the indicator circuits will
ninimize deficiencies and possible bearing errors,
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INTRODUC TION DECLASSIFIED

i Since the advent of radar and other pulse transmissions in the
VHF, UHF, and SHF bands, it has been found that the types of direction
finder systems ordinarily employed at lower frequencies against communi-
cation signals are often ineffective against pulse transmissions,

In most cases the reason for the ineffectiveness of these well known
d-f systems is that they were not designed for operation against
scanning, pulsed sigrals whose characteristics very through such a
wide range, In order to vrovide more effective direction finding
against pulse transmissions several ncw types of d«f systems have been
developed, the most important being the rotating reflector and antenna
combination (e.g., the DBH),

24 With some conventional systems, and even with the DBM, conditions
of unsatisfactory omeration may be enccuntercd, These conditions are a
result of rotation at a synchronous or near synchronous rate, or at
multiples or sub-multiples of this rate, or rcception of too few

pulses to obtain a bearing promptly, In order to more fully aprpreciate
thesc oroblems of direction finding against pulse transmissions an
analysis is made, in this report, of the regquiroments of d-f scanning
rate as deterwined by the repetition rate, becam width, and scanning

rate of the signal under consideration. The term "d-f scanning rate",
is used to mean either antenna rotational speed, goniometer rotational
specd, or antonpna switching rate, doponding upen which type of d-f
system is being analyzed, In addition to the above mentioned considera-
tions, an analysis is made of the roguirements of d-f indicators for

usc with d-f systems in the VEF, UHF, and SHF bands, This analysis

is intended to reoveal inherent limitations and inaccuracies in cer=-

tain types of wvisugl indicators and to show what measures can be

taken to minimize any undesired characteristiecs.

FACTORS LFFECTING D-F BEARING AT VHF, IF, AN “HE

3. 4 comprehensive list of the factors which affect d-f bearings
eon be divided into two (2) general groups:

(2) The characteristics of the transmitter over which there
is no control,

(b) The charccteristics of the d-f system over which therc
is control, at lcast to a certein extent,

Ay Under group (a) the importent factors are the scanning rate
of the transmitting antenna, the type of transmitter modulation, and
the antenna radiation pattern of the transmitter, Urder group (b)
the important factors are the scanning rate, the antenna system, and
the indication.,system of the direction finder, It must be realized
thot the type of signal most ideally suited for direction finding

is a cw or mew signal emanating from a fixed antenna, The problem
of direction finding on & pulse modulated signal emanating from a
scanning antenna is fMbel morce complicated because of the additional
factors vkich cntord ftdic dircetion finding "nicture", 4 list of
the factors which affé Y bearings in the VHF, UHF, and SHF bands
is given in Table 1, gves to illustrate the large

. T
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number of factors which influence direction finding in the higher
frequency bands.

5e In order to simplify the analysis, certain logical assumptions
will be made at the start. It will be assumed:

(a) That the tuning of the d-f roceiver is coincident with
the frequency of the signal under consideration. Fre-
quency scarning will not be ineluded in this discussion,

(b) That the polarization of the d-f entenna system is the
same as that of the received signal, Most d-f systems
which operate above 300 lMc are conable of receiving
gither vertically or horizontally polarized waves.

&, These two (2) assumptions ~re mode since it is not intonded, in
this report, to consider the —~reblem of intorcerting 2 signal the fre-
guency and polorization of which ar: unknown, This intercept problem
hae been investigated by the British, References (1) and (2), and
is trocted in = previous revort of this Laboratory, Reference (3),

DESCRIPTION OF VARIOUS TYPES OF TRANSMICSIONS LIKFELY TO BE ENCOUNTERED

7S This report will be concerned primerily with ~ulsed radar
signals since such signnls oredominate in the UHF and SHF frequency
bands, Thile non-pulsed signals are used extensively in the VHF
band, principslly for zireraft communicotion, direction finding
against such signals presents less difficulty than encountered with
pulsed signals, and, therefors, nced not be considered.,

8. 4 caoreful survey of the chiracteristics of known cnemy radar
systems confirms the ovinion that radar development has not advanced
as far in Germany and Japan 2s in this country. In vparticular,

much less usc bas been madc of PPI oneration, with attendant inter-
cept difficulties, d4ilso, pulse widths and rowetition rates general-
ly have been higher than encountered with U.8. Naval radars,
Thereforc, Table 2 presents the average cheracteristics of U.S,
Naval radar systems which repreosent more advanced design practices
and which offer econsiderable difficulty in obtaining dircction
finding bearings, It is considered that these raders offer the
best available yardstick for predicting the performance of
direction finding systems egainst radors which may be uscd by =
future encmy,

TYPES OF D-F SYSTEMS TO BE CONSIDERED

9, Discussion will be recstricted to threc (3) tyves of "automntic"
dircetion finders and one (1) "semi-zutom~tic typc. The torm "automatic”
is used here in its broader sense to denotec any direction finder which
provides a becring visually, nearly instantaneously, ~nd vithout re-
quiring manual adjustment., Thus, it is not restricted to systems
employing propeller-shaped patterns on cothode-ray indic~tors; such
indicators being tormed "outomstic bearing indicators" (ABI), The

w2
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torm "semieautometic" is used hcre to denote systems which provide
an approximete bearing visually, but which require mcnual manipula-
tion to obtain an zccurate bearing, The semi-automatic type to

be considered is thet employing antenna switching with visual
amplitude matching indicator, as exemolified by the CXFF equipument,
The three (3) automotic systems considered sre:

(a) The rotating beam antenna type with visual indicator.

(b) The goniomcter or spinning loop types with automatic
bearing indicctor,

(¢) The instantancous cathode-ray tube direction finder.

10, The following generalizations concerning these besic types
should clerify subsequent detailed consideration of their probability
of obtaining beorings against scanning pulsed signtls:

(a) Rototing beam antenna types are exemplified by the CIGA
and DBM equipments, but mey includc systems omploying
difforential dipole antennas, Basically, they incorpornte
considerable sntenna dircetivity °nd, at any instent,
arc only rcsponsive to signals within a limited angle,
Unidirsctional bearings are obteined fram (1) the position
of the major lobe in the casc of DBM type cequipment, (2)
the position of the null in the case of diffcrenticl di-
pole systems.

(b) Rotating goniometer or loop systems, such os the DLQ,
provide bilateral bearings with a nropeller-shaped
indicator pattern, generally with provision for scnse
detormination by & separate opepation with the aid of
an auxiliary nntenns, Basically, it makes no difference
in coverage or probability whethor a spinning loop or
spinning goniometer is used. 4t ony instant, the antenna
sattern is a figure "8" (or a cardioid when using the
sense antenna) so signals may be received from any
dircotion except those of the nulls. Obviously, this
groater coverage provides better probability of inter-
cepting an intermittent signal, but not necessarily of
obtaining & bearing om it.

(¢) The instantancous cathode-ray direction finder, &s
exemplified by thc British FEA equipment, cmploys
orossed figurc "e" collectors feeding the borizontal
snd vertical »lates of a cathode-ray indicotor through
separcte recciving channels, to rrovide a linec or
ellipse indicetion, Separate reccivers, or moans of
T4apring! the scparatc signals in a single receiver,
mxy be used, Fuch systems arc omi-directional and
can be truly instanteneous within bandwidth limitations,
but their orcetiesl epnlicrtion has been limited by the

L ¥ By
N
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difficulty of maintaining channel alignment. From the stand-
point of this report, the ducl recceiver instantancous system
provides certainty of obtaining 2 bearing on even a single
pulse, so major emphasis will be placed on analyzing the
first two (2% systems,

1, The semi-automatic type, with antenna switching and visual
amplitude matching indicator, is of less interest because it pro-
vides only an approximate bearing without menual manipulation,

The CXFF equipment, for cxample, displays in succession thc outputs
from four (4) antennas, each covering a guadrant, One can obtain a
rough idea of the direction of a signal within a quadrant from the
relative amplitudes of their display pips but these pips must be
balanced in amplitude by manual adjustment of a calibrated poten-
tiometer in order to obtain an accurate bsaring. Obviously, there
is no time for this latter process when denling with & brief non-
recurrcnt signal,

GENERALIZATIONS CONCERNING NON-SCANNING SIGNALS

12, No special difficulty is encountered when using ony of the
above d-f systems against non-scanning transmitters, When the
transmitted signal is cw or mew, the orobability of obtaining a
bearing in a short interval of time is unity, it being a certainty.
¥hen the transmitter is pulsc modulated, the ~robability of obtaining
a bearing is still unity provided that a sufficient number of pulses
is rcceived by the direction finder in any specified interval of
time so that the indieator nattern is roasonably well defined. Each
individual pulsc produces a complete indicetor pattern with the

true instantancous system (c¢) but a group of pulses must be dis-
played simultnncously with the other two (2) sutomitic systems in
order tc build up the indicator pattern, Since the pulses arrive
successively, rathor than simultancously, a number of pulses
sufficient to outline the pattern must be rceeived within some
preseribed time interval, The question of obvious interest is,

"how long an intorval can be allowed for adequate delineation of

the pattern?" iAnswering this requires consideration of the
persistence characteristics of the indicating system.

LIMITATIONS OF PERSTICSTENCE

13, If using a short persistence cathode-ray tube, the indicator
pattern should be built up within a time comparable to the persis-
tence of vision, say 1/15 second. This would allow not more than
five (5) successive pulses from a 60 cycle repetition rate radar,
To obtain this number of pulses the DF scanning rate would need

to be such that it scanned through the essential portion of its
antenna boam width once in this period of time, or its scanning
rate would nced to be ncarly synchronized with the pulse repetition
rate so that the pattern could be built up in an esquivalent manner
without wasting pulses within this period on useless portionsof

4=
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the indicator nattern, For example, assuming that it is desired to
define 20 degrees around the tip of the pattern lobe or around a null
within this 1/15 sccond, the 60 cycle pulscs would be spaced every

5 dcgrees, and = rotational rate of .833 RPS or 50 RPM would be
required., & similar result could be obtained by seanning nearly

in synchronism with the rcpetition rate, that is at 60 # ,833 RPS,

if this were possible, Obviously, this would require highly critical
speed control, If the scanning rote were at some intermediate value,
say 15 RPE, most of the pulses within any 1/15 sccond interval would
be uscless for defining the tip of the pattern lobe on the indicator,
If the scanning rate co1ld be increased to complete 2 scan within the
time of 2 single vpulse, ocagh pulse could be made to define the indi-
cator pattern, but the teghnical rcquircments of such a system are
beyond the prescnt state of the art, Neglecting these two (2)
present impracticalities, it is evident that ecven for continuous
pulsed signals therc is on optimum scanning rnte, fixed, in addition
to mechanical eonsiderations, by the repetition rate of the inter-
eepted signal, by the effcetive persistence of the indicating sys-
tem, =nd possibly by the character of the indicator pattern, These
considerations apply to both (a) ond (b) types of 2utomtic systems,

14. This optimum scanning rote is not too critical but experience
shows that lower rates may be used more casily than higher ones,at
least as long as only stoady signals arc considered. Operators can
troin their cyes to follow a slo 1y moving trace and select the tip
of an indieator lobe with reasoncblo nccurncy, by observation and
memory rather than by persistence of vision or of the indicotor
sercen, However, it is far more difficult to coordinate, mentnlly,
information from successive scans of an indieator, especially when
scanning ot less than 15 revolutions vper sccond,

15, Ln obvious improvement would appecr to lie in the use of long
persistence indicators to allow the integration of rcceived in-
formation over a longer time intervel, This is a definite possibility,
but it is not as attractive as it might first seem, P-7 phosphors
are characterized by intense initial illumination followed by

rapid initial decay to low intensity illumination which fades out
very gradually. Thc operator's eyc tends to follow the intense
initial spot, or at lcast to be distracted by it, so that he is un-
able to derive the maximum information from the long afterglow.

This is particularly true with high speed pulsc indicators of the
DBM-1 typc, which consequently cmploy indicstors with medium per-
sistencc (P-2) phosphors, This condition may be ameliorated by the
use of low-pass ontienl filters (amber or red) with a ecorresponding
loss in the intensity of illumination, 4inother possibility, not
knovn to have been tried experimentally, is to blank out the beam
after n sufficicent number of scans, thus nlloviing the operztor to
view only the afterglow, Certainly, against steady signols, long
persistence techniques offer ~n cttractive means of dealing with
low repetition rates 2and may meke it feasible to use theg higher
scanning rotes which are preferablc against other radartsignals,
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Single Beam {intenna Systems

16, The next complication is introduced by attempting to obtain
bearings on intormittent signals such as from a rotating transmitting
beam as in = PPl radar system, A4dditional limitetions imposed by a
pulsed signal will be neglected temporcrily, That is, wo will assume
a cw signal, or pulsed signal of very high repetition rate, For
further simplification, assume the antenna beams to be segments, of
full amplitude within their beam width ond negligible emplitude
elsevhere, dLctuslly, practical beams are more nearly of o cosine
squared shape, possible with cnnoying minor lobes. Beam widths
customarily are measured at the half power (70.7% of maximum
amplitude) points but retain zporecicble amplitude at greater

widths (see Plate 1), é&nalysis based on segment beams therefore
yields o conssrvative probability figure, The cesc where certainty
of interception is required within o specified period of timc is

not considered here but an anclysis of this subjeet will be found

in Refercnece 8, shortly to be issued.

7. First consider the combination of a d-f bezm of negligible
width rotating with 2 poriod of t3 seconds, "nd & transmitting beam
of ©r degrecs width rotating with a period of seconds. The

time during which the d-f site will be illuminated from cach swoep
of the transmitter will be:

T:Ertr
3600 (1)

From here on, the fact thnt the signal comes from a rotrting
transmitting beam will be incidentsal ~nd results cbtained on
this basis will be equnlly aprliceble to any intermittent
transmission, cven though keyed on for this time T, During this
time the d-f antenna beam will sweep through -n angle

ﬁd =

X 3600 - er tr
ta

Tt is cssumed thaot the phese of the d-f antennc rotation rela-
tive to that of the transmitting antenna is purely arbitrary;

that ot tho beginning of the period of illumination the d-f
antennc is just as likely to be at any one position within its
360 degrees of rotation as at any other, Howcver, = bearing

will be obtained during the period of illumin :.wion only if

the d=f beam is within = eortain portion of this 360 degrees

at the start of illumination, ALt one extreme it may be

pointing at tho tronsmitter at the start of illumination, while
ot the other extreme it may lng as much as ﬂﬁ degrees ond still
point at the tronsmitter by the cnd of the period of illuminationm,
Therefore, the nrob-bility of obtsining an interception, or if
onc or rorc is obtained, on additional interception during a
single period of illumin~t§grsds the ratio of this permissible
phase angle, ﬁd, to the en Sfiple 360 degreecs, minus the DECLASSIFIEL
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largest integer N that can be contained in this ratio, i,e,

P = 5%55 -n=%% _y (3)
3600 tq

where N constitutes the number of interceptions certain to occur,
The quantity ®r Yr  way become greater than unity since the

dircetion fingggobggm may rotate more than oncc during the period
of illumination of the radar, In this manner a number N, of
interceptions does occur, in addition to which the probability

of getting still another inteorception is given by P,

18, Next, let the d-f antenns have a finite segment shaped
beam width of 64 degreecs, so that at least on approximate

bearing will be obtained if the d-f beam even comes within 83
degrees of the transmitter direction during the period of illumi-
nation, In this case the probability obviously is improved as
there is grcater frecdom permissible in the phase of the d-f
antenna rotation, 4t one oxtreme the trailing edge of the d-f
bear mey point 2t the transmitter at the stort of the period of
illumination, while a2t the other extreme the leading edge of the
d-f beam may not point ~t the transmitter until the very end of
the neriod of illumination, This is illustrated in Plate 2.
Thus, the nermissible phase angle has been increased by the width
of the d-f antenns beam, so the probability of obtaining 2 bearing
during 2 single periecd of illuminction is:

p=fa/% .y = 6pt,. # O3ta - N (L)
360° 3600 g
i3, This relation is valid regardless of the relative periods

of the two (2) 2ntenncs. Howcver, in the event that the d-f
antenns has 2 ruch slower rotntional rate than the transmitting
antenna it may be more useful to find the probability of obtaining
a bearing during 2 single sweep of the d-f antenna, than of the
trensmitting antenna, This requires only on interchange of sub-
scripts in the abeve equation.

R0, In the above case uncertainty concerning the true bearing
mey be as great as €3 degrees, when only the leading or trniling
edge of the segment beam is illuminated, and it is necessery

for the entirc segment to receive illumination in order te obtain
a true bearing by splitting the segment, The situation is some-
what more favorable with the rounded beam shapes encountered with
practical oantennas as not =11 of the beam width need receive
{1luminotion in order tc definc the tip of the beam. If it is
nccessary only to define a fraction y of the beum width to obtain
on accurate berring, there still is left (1-y) €3 degrees freedom
in the phase of the d-f rotation so the probability is only reduced
to y

pebpt. /(1Y) 8% ta - % (5)
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21, There is some room for disagreement concerning what fraction
of the beam width rust be defined for an accurate bearing butb
Y = .5 secms a reasonable and convenient figure, making the probability

o er tr % o5 ed td
' e (6)
3600 tq

225 One other restriction must be nlaced on this result. It
must be assumed thot the totel rader illumination time, 8nty/360°,
is larger than the time required to illuminate (y x ﬂdi degrecs of
the d-f antenna pattern, i.e.

& x ¥ €3
T > Toh

Otherwise, the probability relation stated above does not hold.
Equotion (4) shows that the probnbility inereascs vith both the
beam-width and rotational speed of the d-f antenna, It is not
advantageous, however, to increase thc antenna beam width since

the hroader beem mckes beering determinztion less accurate. It

is certainly adventageous to usec high d~f antenna rotational speeds
provided the following two (2) conditions arc satisfied:

(n) Thot the pulse repetition frequency of the transmitter is
high cnough so that sufficient pulses arc roceived per
revolution of the radar ~ntenns to ensure that the di-
roctional pattern of the d-f antenna is adequrtely oute
lined on the indicator,

(b) That the d-f antenna ean be rotated faster than the
transnmitiing antenna,

23, Condition (a) is iumportant beeausc the preeision with which
the bearing can be read from the indicator is greotly reduced if the
number of nulses apnearing on the indicator is insufficient to re-
produce the antenna pattern., For instance, if the pulse repetition
froqueney of the rodar transmitter is 60 pulses por second the
rotational speed of the d-f antenna should not be much greater than
8) to 100 rpm in order that the resultant indieator pattorn may
be clearly outlined, This limitation of scannirg rate has been
detormined experimentally and applios to those systens wherein the
persistence of the cathode-ray trace is less than the period of
one (1) sern, as previously discussed, Two (2) examples of the
indieator patterns which might be obscrved if the d-f antenn2 were
rotated at 90 rpm whilo receiving o non-seanning rad-ar signal
pulsed 60 times por sccond are given in Flate 3, Cendition (b)
is ordinarily ensy to satisfy. The only exceptions occur when
the transmitting ~ntenn2 employs one (1) of several types of
high-specd seanning methods such as spiral scanning, conical
scanning, or lobc switching, Under such circumstonces the 4-f
antonna cannot be vhysically rotated at a rate comparable to the
amning rote she ten ittd antenna. F h rapidl
s.anning rote of the tronsmitting antenna, hen such rapidly DECLASSIFIED
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scanning signcls arc being received it is difficult to recommend
an optimum d-f scanning rate beeausc 1t depends not only uron the
scanning rote nnd pulsc repetition frequency of the transmitter
but also upon the position of the dircetion finder with respect
to the field being seonned by the radar transmitter, Therefore,
in such a ease only general recommend-tions can be mnde, such as:

(2) Employ o sufficiently low d-f scanning rate so that the
pulse grours appearine on the indirator arc spaced closely
cnough for reasonable bearing accuracy.
(b) Avoid synchronization,
Plate illustrates the type of indicator patterns which might be ob-
tained from a simple lobe switching redar transmitter. i
Differential Dipolc Jintenna System

2he Plate 5 shows o theoreticnl response pattern of 2
differentinlly connected pair of dipoles ploced before a flot
reflector. Figures (1) and (2) of Plate 22 show typicel indicator
patterns obtained from o direction finder employing a mechanically
rotnted antenn~ system of this type. This differential dipole sys-
tem ie used in direction finders where the ontenn~ rotaotion is con-
trolled cither menuslly or mechoniczlly, but principelly in the
formor type (c.g., the DBB ~nd DBC), The aural null type direction
finder with manunl control of the differential dipole ~ntenna
rotation is © simple doviee, but there is often the possibility
that an incorrect beering might be obtained aurally, The roeson
for this is thet the actual antenna pattern is not as idenl as

thot showm in Plate 4 ond might, in sore coses, bec 4s poor as

that shown in Plote 5 with back rndiction ond non-syrmetrical
lobes. It is quite evident that in this cose an aural null might
be obtained at O, 100, or 1£3 degrocs. Using 2 rechanieally ro-
tated ontenna system with a cothode-ray tubo indicator this
possibility is ordin~rily remeved sincc the true nuil is quite
apparent in most cascs (when <dequately j1luminated), Refer

agein to Plate 22 which gives typieol indicator natterns obtained
with o rototing differential dipole ontenre and reflector,

25 The limitations of tho rotating, differentially connected
dipole "ntenna system for use agrinst soo.nning rader transnitters

orc best cnalyzed from an approach similor to that used for the
rotating single dirole antenna, It is ovident, upon excmination
of the resnonse pattern of r differentinl dipole cntonna system
(Piste 5),thet =n zccurnte utilizotion of this responsc pattern
requircs adequate illumination of the null., In other words, an
accuratc bearing can not be determined from the null type ro-
snonse pattern unless the pattern is illuminz sd for a cortain
number of degroes (say 10 degrecs) on each side of null, If it is
desired to illuninote 20 degrees of the d-f antenna pattern (10
dogrecs on cach side of the null) the probability thet this will
oecur in onc sweep of a scanning rodor ~ntonna con be obtained from
oquation (5) by sotting 83, the offcctive beam width of the d-f
anterna, egual to this 20 degrees which must be illuminated

and by sesting y equal to unity, sinec this entire 20 dogrees must
be illuminated, Equation (5)4thus reduces to

| DECLASSIFIED
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where €, = beam width of radar antenna in degrees

tq = veriod of one (1) sweep of d=f antenna
tp = period of one (1) sweep of radar antenna
N =z largest integer that can be contained in

O tr = number of interceptions

360° tq : 3
The above equation is the same as equation (3) which was derived
for the single beam antenna with infinitesimal beam width.
For reception of pulse transmissions it must be stipulated
that a cortain number of consecutive pulses, n (say about 5), be
received during the null illumination, The probability of this
happening in one sweep of the radar antenna is the some as that
given in the abovc equation, but it is necessary that the ratio
of the transmitter repetition frequency to the d-f scanning rate
be high encugh so that n or more comsecutive pulses arc received
while the d-f antonna is sweeping through 20 degrees, that is

n o
I £ %ggc x tg (7)

where L is the pulse repetition frequeney., It is also nccessary
that the radar illumination time be long enough so that n pulses
are transmitted during this intcrval, that is

<

Equation (7) can be satisfied if the scanning rate of the d-f
antenna is contrcllable, This serves to emphasize the previous
statement that with signals of low pulsc repetition frequency

end with a short persistence indicator the seanning type d-f
antenna must be turned at a relatively slow rate in order to ob-
tain accurate bearings. For an illustration See Plate 7. The
null of this pattern is not sufficiently illuminated for accurate
interpretation of the bearing, It is assumed that the persistence
of the cathode~ray indicator is less than the period of one (1)
scan,

26, Cfeveral sample calculations of probability are given in
4ppendix 1 for both the single dipele and differentinl dipole
antenna systems when operating against a scanning radar trans-
mitter, The results of these calculations indicate that the
single beam antenna is the more favorable of the two (2)., Howw
ever, the results are not conclusive because of the arbitrary
assumptions (such as the required angle of illumination and

the d-f antenna bheamwidth) which were negessary in order to solve

the equations,
DECLASSIFIED
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Inverse Null Prosentation

27 Anothor type of visuzl indiecctor presentation can be em-
ployed with the rotating differential dipole ~ntenna system. This
type of presentation mirht be termed the inverse response of the
differential dipole antenna and is shown by the dashed curve in
Plate €. This resnonse curve is obtained when the rectified signal
voltage is applied zs a negztive potential on the grid of the de-
flection amplifier. The bias of this amplifier is adjusted so that
the clectron beam treces a cirele at the periphery of the cathode-
ray tube when the antenna pickup is zero. The effect of the antenna
pickup is to deflect the boam towards the center of the indicator
tube, This type of presentation can be read much more accurately
then the null presentation, To prove this point compare Plates 23
and 2/ which show both types of indiestor patterns, This inverse
pattern hes the same limitotions 25 the null rattern because it
still requires illumin~tion of about 10 degrees on cach side of

the antenna null and ~lso requires that 2 sufficicnt number of
pulses be recceived so that tho pattern is clearly outlined. Flate 9
shows the inverse responsc pattern of the differentinl dipole sys-
tem for the same conditions as werc imposed for the hattorns shown
in Plates 3 and 6, A comparison of Plate 3 with Platos 7 ond 9 scems
to indicate that relatively more pulscs per sweep of the 4-f

antenna are required in order to illuminnte the differcntizl dipole
response patterns with the same dogree of accuracy as the single
dipolec response pattern,

PERFORMANCE OF THE GONIOMETER TYPE OF AUTOMATIC DIRECTICN FINDER

28, Flate 14 illustrates the type of indientor pattorn dis-
played by the automatic boaring indicator (ABI) when the colloctor
system has a figure~of-cight response pattern. It is seen that
this pattern is bilateral =nd requires a sensc indication to de-
termine which of the two possible bearings is corrcet,

29, The goniometer type of automatic direction finder is most
useful at medium and high radio frequeneies for two (2) prineipal
reasons: first, the type of signcle encountered in these fro-
quency bands are usunlly suitable for rapid bearing detcrmination
with this kind of dircetion finder and, sccond, the rotating
goniomeior operntos most satisfactorily in these frequency bands.

30, An cxamintion of the indientor pattern, Plate 14, reveals
that the pattorn must be illumin-ted for at least 10 degrecs on
each side of one (1) of the two (2) nulls if = benring is to be
obtained. The probability of this occuring in onc (1) sweep of
a scanning tronsmitter is

Pz S i x2-XN (9)
3600 tq
where ©r = beam width of scunning rodor transmitter in degrees

td = reriod of one (1) sweep of d-f goniometer in seconds

tr = period of one (1) sweep of radar antennc in scconds

N = lorgest integer thot con be contained in DECLASSIFIED
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This equation is very sinilar to the probability equation for the
differential dinole plus reflector, since both are null tyne sys-
teris. The differcnce between these equations is the faetor, two
(2), which takes into account the two (2) nulls of the gonioreter
systen as corpared to onc (1) for the diffsrentizl dipole systen,
It should be recognized that the above cguation (9) does not give
the probobility of obtaining a non-ambiguous bearing, since it
nakes no allowonece for the tine required to obtain A sense de=
ternination,

3., Equation (9) shows that thc probability of obtaining a
bearing in n certein length of tine should inerease as the angular
velocity of the goniometer is inereased, However, it is again
nccessnry to stipulate, when receiving o signal from 2 pulsed trans-
nitter, that a certain nininun nunber of pulses is required in

order to adequately delineate the goniormeter null, This is particu-
lerly true when the pulses are of very short duration such as are
encountered in radar interception, Figure 1 of Plate 15 shows

an ABI pattern obtained when the ratio of gonioneter rpm to »ulse
repetition frequenecy (of the signal) is too large for accurate
bearing deternination. Figurc 2 of Platc 15 gives an exarple of

an ABI pattern which is well outlined by @ radsr transnitter
(bearing readable to better than £ 2 degrees). Plate 15 presents

an accurate picture of the actunl indicotor potterns coxeept for

the anguler rotation of the nulse pattern on the indieator which
occurs whenover the pulsc repetition frequeney and the d-f scanning
rate are not synchronized,

2, It has becn found, from experirental tests, that the 4ABI
pattern, as a whole, is not adequotely illuninated by a non-
seanning radar trans—itter unless one (1) pulse is received at
least cvery 10 degrees of the gonioreter rotation, This liniting
condition is expressed in equation (10) and is shown as 2 graph
in Plate 16,

1L
tg ~ 36 (10)

where tq £ period of one (1) sweep of d-f antenna
L 3 pulsec rapetition frequency of pulsed tronsnitter

Equation (10) states matherntically that the rotational speed of
the goniorcter rotof must not exeeed the pulse repetition fre-
quency of the rceeived signal divided by 36, if the bearing is
to be readable to better thon £ 2 degrees., It should be pointed
out that the above relation is erpirieal ond holds only if the
conplete ABI pattern is illuninated, If the received signal is
fron & scanning traonsmitter it is possible that only a linited
sector of the ABI mey be illuninated during each of severnl—
successive seans, In this case, relatively rore pulses are needed
in order to secure an 2ccurate, quick bearing,
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33, Equation (10) ecan also be applied to the scanning,
differential dinole plus reflector antenna systen since it al-

SO has a null-type responsc nattern, Furthermore, it was illustrated
in Plates 7 and 9 that the differential dipole response pattern is
poorly outlined on the visual indicator if the antenna scanning

rate is too rapid relative to the pulse repetition frequency of

the transmitter,

34. In comparing the differential dipole and goniometer type
systens, for use in the VHF band, it is found that cach has one
(1) advantage over the other. The advantage of the differential
dipole is its unilateral indication which provides automatic sense
deternination, The advantage of the gonioneter systen is its com=
pact form which permits high rotatiocnal speeds, With these
differences in mind, it is seen that tho goniometer type is
preferable for use agninst mew and iew signals, where high speeds
are advantageous, and the differential dipole system is preferable
for use against radar transmissions, It should be pointed out
that the bearing sensitivity of the differentisl dipole and re-
fleetor system is superior to that of any figure-of-eight antenna
array designed for use with 2 goniomecter, This is true provided
both arrays are designed for optimun sensitivity, which means

that the dipole and reflector array becomes rather large physi-
cally at frequencies below 100 negacycles, For some of the
original work done on this type of antenna array see Refercnce (5).

PERFORMANCE OF THE ANTENN: SWITCHING IYPE OF DIRECTION FINDER

35. It night be mentioned herc that the CXFF-1 type of phase
comparison direction finder is analorous to the rotating,
differential dipole =ntenna dircetion finder. &lth~ugh the
CXFF-1 systen employs a goniometer type of scan the end re-

sult is similar to that obtained with the sconning, differential
dipole antenna systern.

36, For good operation against scanning radar transmitters

the d-f antenna switching rate should be determined by two (2)
important factors, First, the switching rate should not excced
that value at which only one (1) radar pulse is received by ecach
antenna during one (1) switching cyele. Second, the antenna
switching rate should be as rapid as possible in order to minimige
the bearing errors which result if the radar antenna is swecping.
As an example, consider 2 quadrant switching direction finder
(e.g., the CXFF) when used against a radar tronsmitter which has

a pulse repetition frequency of €0 nulses per sccond and seans at
a rapid rate, In order that cach of the active entennas re-

ceive at least one (1) radar pulse per switching cycle, the
switching rete nust not exceed 60/4 or 15 cycles ner second,

fince the radar antenna bean is sweeping past the d-f 2ntenna,

the orror caused by this variation in received signal strength is
ninirmized by not switching a2t less than 15 cycles per second. It
is apparent from this discussion that this type of automatic di-
reetion finder rust be canable of = definite minimum switching
rate (less than 15 cycles pe
rate is highly desirable,
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PERFORMANCE OF THE INSTANTANECUS TYFE DIENCTION FIIDER

37. The adventages of the instanteneous type of d-f system
are several:

(2) The bearing indication is instanteneous,

(b) The probability of obtaining an indicetion in one
(1) sweep of a scanning transmitter is one,
since the antenna system is omnidirectional,

(¢) This system eliminates the need for any mechanicsl-
ly moving parts which are required in almost all
other types of d-f systers,

ag. The requirements for proper operation of this d-f system
are that in some types each of two (2) or three (3) receivers
must have identical phase shift charaeteristics and that in all
types the two (2) or more directional chennel receivers must

have identical amplification characteristics. These require~-
ments are difficult to satisfy since the receivers normelly em-
ploy tuned r-f amplifiers, It has been sugrested that tuned r-f
circuits can be eliminated if the amslifiers consist of a crystal
detector and video amplifier which are preceded by a bandpass
filter. Sfuch an arrangement practically eliminates phase-

shift difficulties, but is limited to thet rart of the frequency
spectrum where signals are widely scrarted from one cnother since
selectivity has been secrificed by the elimination of r-f empli-
fication, 4lso, the sensitivity of the crystal detector-video
amplifier receiver is considerablv poorer than that of the
superheterodyne type receiver except for extra broad band appli-
cations, The reason for this is due to the fact that the
efficiency of the crystal as a detector is about 20 db helow its
effieiency as a mixer in the superheterodyne receiver.

SYNCHRONTZATION PHENOMENA

39, €ynchronization between the rotation of the transmitting
entenna and the rotation of the d-f anterna can occur if the

d-f antenna speed is the same as that of the transmitting antenna,
a multiple of this speed, or 2 sub-multiple of this speed, If
excet synchronization occurs it can happen that the d-f ~ntenna
will never reccive any signals from the transmitter if the d-f
ontenna is not "looking" -t the tronsmitter position while

the tronsmitting antenna beam is sweecning by the d-f position.
However, exact synchronizetion of the antenna scanning rates

is very unlikely, especi~lly since both the transmitter rnd

d-f antennc drive systems ordinarily employ variable sneed con-
trol. Near-synchronization of the rototional speeds cen and

does occur freguently, particulerly when the d-f nntenna ro-

tates at a rote near some multiple or sub-multiple of the
transmitting ontenna speed, In this case, a relatively long
interval of time may olapse between successive bearing prescnta-
tions on the d-f indicator, but the besrings thomselves are reed
without difficulty. For a more com-lete discussion of this effect
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refer to Referecnee (4),

40, another type of synchronization is pessible, namely syn=-
chronization between the d-f scanning rate and the pulsc repetition
rate of & radar tronsmitter, In this case, the synchronization
itsclf causes no difficultics provided that the ratio of pulse
repetition rote to d-f scanning rate is large (see cquation 10)

so that sufficient pulses are received by the dircction finder
during one sean, If insufficicnt pulses are received during

one scan the d-f indicator will not present a clearly defined
bearing indication.

ks 4n obvious way to eliminate all synchronization diffi-
culties is to employ such 2 rapid 4-f seonning rote that = com-
plete 360 degree scan is completed in a period of time sherter
than that of one radar pulse, For instence, in order to complete
one :con in the time required to receive 2 one-half microsecond
rad~r pulse this nccessit tes using 2 d-f scanning rote of two
megacycles per sccond, Up to the oresent time such o rapid
seanning rate has not been attempted, and clectronic, rather then
mechanic1l methods would be reguired. The worst practical limi-
tation is the tremendous bandwidth which would be required to
build up ~ useful indientor pottern in 2 half microszscond,

4R, One lost signifieant foct is that the possibility of sweep
synchronization through integr~l rot-tional ratc rrtios does not
affect the probability of obtoining = bearing during onc sweep

of o radar, For example, if both the radar and d-f sntennas

were run ot identieal speods, but storted with random positions,
the faet that an indicrtion might be obtained on caech successive
scan, or might never be reccived, would not affect the probzbility
of an indication on the first sean.

Boaring Errors Which Result "hen Operating a Rotating D-F Antenna
Against a rcanning Transmitter ’

43 Apvreciable errors often result when scanning with the maxi-
mun lobe type d-f antenna against a scanning transmitter, The
reason for these errors is that the signal strength arriving from
the transmitter is changing as the d-f antenne sweeps by the
azimuth position of the transmitter, it any perticular time the
received signal will be prorortional to the product of the d4-f
pattern amplitude and the signal amplitude, In this ecasc the
pattern which appears on the d-f indicctor is mot quite symmetrical
and gives erroncous bearings, Illustrations of this cffoct are
shown in Plates 10 =nd 11 for the singlc dipole antenna system,

The line LL reprosents the field strength of a scanning transmittor
over the period during which the d-f ontonna sweeps through the
signel, For thesc illustrations the tronsmitter antenna is assumed
to have a radiation pattern as shown in Plate 1 (i.e., 30 degrees
wide at the hclf power points) and the angular velocity of this
antenna is assumcd to be one-third that of the d-f antenna, Plate
12 shows the relative positions of the transmitting and 4-f

e ~15-
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antennas at different instonts of time during which the recciving
position is illumineted by the transmitting beam. £&n examination
of Plates 10 and 11 reveals that the bearing error is 9 degrees
when the d-f beamwidth is 60 degrecs and about 4 degrees when the
beam:idth is 30 degrees. This illustrates the inercased accuracy
obtained by using the narrower receiving beam, It secms per-
tinent to mention that, for these same two d-f antenne beams, the
in¢icator resnonsc pattorn would apnear to be the same as those in
Plates 10 and 11 if the troansmitting beamwidth was halved as well
as the ratio of the angular velocities of the d-f and tronsmitting
antennas (i.e,, 2 transmitting beamwidth of 15 degrees and the
anguler velocity of the troensmitting antenna heing two-thirds thet
of the d-f ontenna),

Lo Plate 13 shows the type of indicator pattorns to expect from
the differential dipole zntennc systom when the receiving ond trans-
mitting antennas are sweeping simultcneously. The transmitter is
assumed to have the sime beamwidth as before cnd the rotio of
angular velocitics is again assumed to be three to onc. The cffect
of receiving o signal of varying intensity in this case is to cause
the patterns to aproar quitec unsymmetriesl., Actuslly, the position
of the pattern null is still the truc indication of the bearing.
However, on operator would »robably be deccived to = ecrtain ex-
tent by the unsymmetricel shope of the pattern on eech side of the
null, For this reason the reception of such 2 signal is more
obvious than is the casc with the single beanm sntenna described
above, It is secn throt the apparent becring error is rather

small (about 1 degree) when the inverse presentation is used,

&5, In view of the above discussion it can be stated that

when operating agrinst signols of vorying intensity the amcunt of
bearing error is minimized by keeping the ratio of d-f 2ntenna
velocity to the transmitting antenna velccity as high as 1s
practicable, The obicect, of course, is to keep the veriation of
received sienal strength, during the d-f antenna sweep, as small

as possible, It is believed that more accurnte bearing interpre-
tation con be made by using o long rersistence indieator, rather
than & short persistence indicator, with the single lobe type of
d-f antonna system, Using 2 long persistence cathode-ray tube,
soveral consecutive indicator patterns will be visible simultancous-
ly, so thot more information is available for interpretation. There
is no sdvantcge, however, if the repctition rate of the tronsmitter
is not sufficicntly high so that cach of the successive patterns is
not adequately defined on the indieator, For morc information re-
gzrding the type of bearing error described above see Roference (4).

BASIC INDICATOR RESUIREMENTE

Frogueney Resrvonsc of Deflectiop smplifier

46, The “requency chracteristic of the deflection amplfier,
required with visuzl indicators, is another importcnt consideration,

)

56
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In order to maintain optimum signal-to-noise ratio throughout

the direction finding system, the cutoff fraguency of the de-
flection amplificr must be governed by the som considerations
which determine the receiver bandwidth ahead of the detector
stage, Thus, for reception of rectangulrr redar pulses, optimum
signal-to~-noise ratio is maintained if the cutoff frequency of the
%ef%ection amplificr is equal to that value determined by equation
11

¥l o= 0,75
e > d for optimum S/N ratio (11)

where f, = cutoff freguency in megacyeclecs
d = pulsec width in microseconds.

The basis for this equetion can be found in Reforonce (6) which
presents a thorough discussion of band width reguirements for

pulse reception, If this cquation is sotisfied, the deflection
amplifier is in actuality a videc amplifier ond the individal
rodar pulses appesr on the cathode-ray tube indicator, In many in-
stances this presentation of the radar pulses on the cathode-ray
tube permits identification of the type of signal being roceived.

47, Another slightly different method of presentation is employed
in some d-f systoms (ec.g. the rotating boam antenna type) intended
for use against pulsed signols, This is accomplished by using a
deflection amplifier with no extended high-frequency response. This
type of amplificr has 2 low-pass response which effectively filters
and smooths short pulses sc that they do not appear as such on the
cnthode=roy tube., Indiector patterns produced by such an amplifier
have been shown in Plates 22, 23, 24, and 25, The degree to which
the individual pulses are cutlined depends upon the width of the
pulses and the frequeney response of the deflection amplifier, The
advantage of this system & the ease with which the bearing can be
read because the electron beam traces 2 solid pattern on the indi-
cotor, This advantage is questionable, however, when the following
objections to this method of presentation are considereds

(2) The low-pass frequency chaoracteristic of the deflecticn
amplifier requircs the acceptance of o poorer peak signal-
to-noise ratio than would be obtained if a video ampli-
fier were used for pulse reception,

(b) The smoothing effect produced by the low-pass deflection
amplifior climinates the possibility cf identifying the
received signal by its appenrance oa the indicctor. 41—
so, if two differcnt radar signals of the same frequency
are received coincidentally, this oceurrence is much
morc cvident if the indieator shows individual pulses.
When the deflection amplifier has a video response charact-
eristiec the simultancous bearing determination af-two
signcls is quite feasible while if the deflection am-
plifier has low-pass responsc the simultancous bearing

detormination is practically impossible. DECLASSIFIED
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Bandwidth Requirements Necessitated by Ultra-High Scanning Retes

48, When a very rapid d-f scanning rate is employed, the band-
width of the receciving system, ot lcast for recception of ecw sig-
nals, depends uncn the sconning rate and upon direetional re-
sponse of the d=-f system, This is because the reccived signal

is modulated by the directional pattern of the direction finder
at a rate determined by the d-f scanning speced, For instance,

the goniometer type of secanning results in a supprcssed carrier
type of modulation of the received signal, If the scanning rate
were onc megacycle per sccond the minimum receiver bandwidth would
be two megacycles per second in order to pass the desired bearing
information, For this same case, the deflection amplificr would
have to have a response of about 50 times the scanning frequency
(i,e., 50 x 1 me) if the bearing indication on the ABI were to
appear reasonably well defined. The necessity for the extended
deflection amplifier response is a result of the additional
froguencies which are intoduced when the suppressed cerricr signal
is deteccted, If it were pessible to sean a beanm type of d-f sys-
tem ot & rate of one megacycle per second thc bandwidth of the

I-F amplifier as well as that of the video amplifier would have

to be very broad. For example, if the beam width was about 7
degrees, the I-F bandwidth would have to be about 100 megacycles and
the video amplifier response would have to be about 50 megacyclcs
for rcasonable reproduction of the beam pattern on the indientor.

Linearity of Deflection Amplifier

49, The linearity of the receiver eircuits, from the r-f input

to the output of the deflection amplifier, has a direet effect upon
the shape of the pattern which appears at the indicotor, In almost
all practical cases it is safe to say that most non-lincarity

occurs aftor the second dotector, thet is, in the video and de-
flection amplifiers, &n example of & non-linear gain characteristic

is shown in Plate 17, This gain curve was obtained from an actual

UHF direction finder, the CXGA. 1In this case the deflection ampli-
fier was »urposely designed for non-linearity so that the indicator
patterns would appear to be more sharp than the actual antenna
petterns. In the case of the single dipole direction finder the
indieator pattern aprears narrower than the’antenna pattern and

the bearing rcadibility is inereased somewhat, For example, see
Plates 18 and 19 for patterns obteined with the overall gain curve
which is shown in Plate 17, The antenna response patterns for

these two examples are those given in Plates 1 ond 3b (i.e.,

30 degree bean width for Plate 18 and 60 degree bean width for

Plate 19). The solid curve represents the pattern cbtained from

a non-gsedanning v transmitter hilc the dashed curve revresents the
vattern obtaincd from a transmitter sennning 2t one-third the scanning
riute of the d-f ~nterna, The rclative rositions of the d=f ~nd trans-
mitting -“mtonnns for these exam-los arc 2g-in as given in Tlate 11,

It is seen, by comparison of I'lates 18 2nd 19 with Pl.tes 9 -nd 10,
that the amount of error which recults from recebtion of the sdnnning
signal is not roduced by the nction of non-linear amplification in the

deflection amplifier,
()
. )
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50, The effect of the same non-linear amplification upon the
indicator pattern of a differential dipole system is shown in
Plate 20. Both direct and inverse patterns are illustrated for

an antenna which has a response pattern as given in Plate 5. The
inverse pattern is improved by the non-linear amplification, but
the readibility of the direct nattern is adversely affected, When
the differential dipole system is emnloyed against the same scanning
cw transmitter as in the previous illustration the effect of non-
linear amplification is shown in Plate 21, By comparison with the
patterns of Plate 13, it is evident that the dissymmetry of the
direct pattern caused by the scenning signal is made more nro-
nounced by the non-linear amplification characteristic, The in-
verse pattern, on the other hand, is somewhat improved under these
conditions.

Bk The linearity of the deflection amplifier has an effect unon
all types of d-f indicator patterns regardless of the system employed,
Cnly the most important of these systems have been considered, It
can be concluded, from these examples, that the type of non-linear
amplification exemplified has the advantages of sharpeningthe in-
dicated antenna patterns and reducing the amplitude of minor lobes,
The possible i1l effécts of non-linear amplification are to cause
unsymmetrical patterns to be more unsymmetrical znd to cause ampli-
tude limiting. The latter effect is produced by driving the de-
flection amplifier to saturation and should be guarded against since
it causes the extremities of the indicator mattern to be blunted.

Long Persistence Cathode-Ray Tubszs

52, It has been mentiored previously that it is possible, under
certain conditions, to obtain more informetion by use of a long-
persistence rather than a short-persistence indicator against
signals of varying intensity, The reason is that by integrating
the information received during several successive scons a more
accurate bearing determination can be made. Aside from this one
advantage it is ordinarily not necessary and usually undesirable
to employ long persistence if the d-f scanning rate cxceeds 15
cycles per second, However, if the d-f scanning rate is much less
than 15 cycles per second the use of a long-persistence indicator
is desirable in order thot the trace medec by the electron beam
during at lecast onc sweep is visible to the eye,

53 It is often advant geous, where the visual indieator shows
individual pulses, to modultte the intensity grid of the cathode-
ray tube with the received pulses. In this manner the trace on the
cathode-ray tube is made much brighter, during the prescntation

of each pulsc on the indicator, than it weuld otherwise be., This
arrangoment scrves to improve the prescntation and can be used

with either long-persistence or ordinary cathode-ray tube indicetors,

UNCL
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(c)

(d)

(e)

(£)

(e)

~ DECLASSIFIED

CONCLUS IONS
5k« It is concluded:

(a) That where a direction finder is rotating faster than
the radar it is to intercept,the probability of ob-
taining a bearing in one revolution of the rader in-
creases as the direction finder scamning rate in-
creases, vith the limitations stated in (d) 2nd (e) be-
low (Eq (4)).

(b) That where the direction finder is rotating slower than

the radar, the probability of obtaining a bearing on the
radar in one rotation of the direction finder increases
as the direction finder scarning rate decreases (BEgq (4)).

That the time required for a particular probability of
obtaining an interception is fixed by the neriod of
rotation of the slower of the two devices, making it
adviseble to onerate a direction finder at speeds ex-
ceeding the radar speed except where the radar speed 1is
sufficiently high to ~ermit the time for obtaining
interception to consist of the direction finder period
(Par. 22).

That for accurate bearings enough radial traces must be
obtained on the indicator of a rotating system to
adequately outline the pattern (Par, 22)., In case of
the goniometer type direction finder the maximum spacing
angle between the traces has been empirically determined
to be aprroximately each 10° (Par. 32).

That the rotational speed of a d-f collector or
goniometer cannot exceed a value where the side bands
of the received signal, created by such rotation,are
tout-of f" by the receiver selectivity (Par., 48).

That a differential dipole-reflector antenna system

which might not be suitable for aural null direction
finding because the antenna pattern is not free from
appreciable back radiation or minor lobes, may be used
successfully if a cathode-ray indicator displaying the
entire antenna pattern or ites inverse is emnloyed. (Par., 24)

That the inverse indicator rattern of the differential
dipole-reflector direction finding system can be read
more accurately and is less suscentible to errors caused
by scanning signals than the direct »attern (Par, 27).

DECLASSIFIED

<20




(h)

(1)

(3)

(k)

(1)

(n)

(o)

DECLASSIFIED

That the goniometer type of direction finding system
permits the use of much faster rotational (scanning)
speeds than is possible with the present mechanically
rotating systems because of the inherent lower mass and
size of the goniometer (Par. 34).

That the switching rate of the antenna switching (am-
plitude comparison) type of direction finder should

not excecd that value at which only one radar pulse is
received by cach antenna while it 1is connected to the re-
ceiver, The pulse repetition frequency of the received
?ignal t?crefore determines the maximum switching rate
Par, 36).

That the instantaneous type cathode-ray direction finder
provides theoretical certainty of bearings on as little

as a single pulse, but has thus fer been more difficult to
develop and maintain than rotating systems because of the
necessity of providing accurate amplitude, and when re-
quired, accurate phase balance (Par. 37).

That the bearing error, which results when receiving a
scanning trensmitter with a rotating dipole-reflector
antenna system, is minimized by cmploying & narrow re-
ceiving beam and by rotating much more rapidly than the
tronsmittor scanning rate (Par. 43).

That the use of 2 deflection amplifier which eliminates
the identity of individual pulses by integration might
prove disadvantageous (Par. 46).

That the advantage of non-linecar amplification, 28
{1lustrated in this report, is to sharpen the indicator
patterns and to reduce the indicated amplitude of
minor lobes when direct presentation is employzd

(Par. 51).

That the disadvantage of non-linear amplification is
that it causes unsymmetrical response patierns to
appear more unsymmetrical and that it causcs amptitude
limiting (Par. 51).

That there is no outstanding advantage in the use of
either long or short persistence cathode-ray tube
screens, but in general if the rotational specd of

the direetion finder is in excess of 15 rotations ner
second a short persistence screcn should be used and if
under, a long -ersistence screen (Par. 52).

ﬂllbéu ' | i
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SANPIE PROPABILITY CALCULATIONS

EXAMPLE 1
Lssume & radar transmitter with the following characteristics:

Antenna beamwidth, @, = 20 degrees
Period of one sweep, t_ - 10 seconds (6 rpm)
Pulse repetition frequgncy, L Z 500 pulses per second

(a) If the d-f antenna system is a single dipole plus reflector
with these characteristics:

Antenna beamwidth, €3 = 30 degrees
Period of onc sweep, tg = 1 second (60 rpm)

Then, the probability of illuminating at least two-thirds (20
degrees) of the antenna pettern in one sweep of the radar
antenna is
2
:20 s - o
P = 209 x 10 sec ¢ (1 3) (30° x 1 sec) _ ¥ B et 153
360° x 1 secc Par, 20

P=210=17z= 523 NZo0
360 12

(b) If the d-f antenna is a differential dipole plus reflector
with the same rotational spced (t] = 1 second), then the
probability of illuminating at least 10 degreccs on each side
of the null in one sweep of the radar antenna is

P = (20°
(207 10 secg -

T (360° * 7T gac from eq. (3) Par 17

P = 200 = = B
=255 NZO

These two results ore true providing

o - 200
soos ¥t 3500 ta  which is satisfied since

20°
Sa00 % 10 500 > 28 x 1 aog DECLASSIFIED
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EXAMPLE 2
Assume the same radar transmitter as in the previous example,

(a) If the d~f antenna is a single dipole plus reflector with these
charateristies:

63 = 30 degrees

i

ta

5 seconds
Then, the probability of illuminating at least two-thirds

(20 degrees) of the indicator pattern in one sweep of the
radar antenna is

P = 20° x 10 sec ¥ (1 - %) (30D X 5 sec)

360° x 5 secc

- K from eq. (5)

P= 50 -
360~ +97 N2 0
(b) If the 3-f antenna is a differential dipole plus reflector
with the scme rotational speed (t7 = 5 seconds), then tho
probability of illumincting the null in one sweep of the radar
antenna is

P

(200 = 10 see)

- N
60°
(3 5 sec) from eq. (3)
P24 - 111 N=o
5% - C

P
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FACTORS AFFECTING D-F BEARINGS AT VHF, UHF, & SHF

Scanning Rate of Transmitter

(a)
(b)

Fixed antenna (non-scanning)
Rotating antenna

Modulation of Transmitter

(a)
(b)

Antqpna or Radiation Pattern of Transmitter

mew
Amplitude modulation iew
Frequency modulation ulse (rate and width)

(a)

Polarization

(b) Beam width (horizontal directivity)

(c)
(a)

Vertical directivity
Lobe switching

Scanning Rate of D.F.

(a)

b) Automatic (goniometer, antemna switching)

c)

Hand rotated

Instantaneous

D-F Indicator and Antenna System

D-F antenna pattern

Indication

(1) Aural nul

(2) Visual (null, maximum, matching)
Type of sweep, if wvisual

Deflection amplifier bendwidth and linearity

LASSIFIED
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TABLE 2,

AVERAGE CHARACTERTSTICE OF U.S, NAVAL RADAR

FUNCTION

Shipborne
Search
Shipborne
Search
Shipborne
fearch
Shipborne
Search

Fire
Control
Fire
Control

Airborne
Search
ALirborne
fearch
Airborne
Search

FREQ, IRF
114~

120 60
175«

225 60
f= 200~
Band 1000
X- 400~
Rand 2000
= 500-
Band 3600
K- 500-
Band 3600
S 300~
Band 800
K= 300~
Band 2000
X~ 300-
Band 2000

PULSE
WIDTH

5-10

1/2-2

1/2-2

CR - Continuous Rotation
M - Manual

Le

mn a
1

Lobe fwitching
Conical Scan
fector Secan

HORIZ,
BEAM
WIDTH
40
20-40

3-12
2-30

2-12

3/4=12

10
3-8
3-8

POLARI-

ZATION

Hor V

HorV

Hor V

Hor ¥

H.

H

i e oy "

DECLASSIFIED
SCANNING TYFPE
RATE oF
(RPM)  SCAN
1-5 CR,Hl
0-5 CR, N
0-12 CR,M
0-12 CR,M

20-30
cps L&,C
20~30
cps c,C
12,24 CR,E
12,24 CR,S
30-60 g
v26-—
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Limiting Positions of Segment Beams

Trangmitter
Antenna

Direction Finder
Antenna

Bearing only at start of Bearing only at end of

period of illumination period of illumination

Plate 2
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i Relative Instantaneous Positions of Transmitting and D-F Antennas
For Patterms Given in Plates (8) and (9).
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INDICATOR PATTERN PRODUCEd BY THE.
SINGLE DIPOLE (PLUS REFLECTOR) ANTENNA
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CXGA INDICATOR PATTERN
ROTATING DIFFERENTIAL DIPOLE

S PRODUCED BY THE
(PLUS REFLECTOR) ANTENNA
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INVERSE CXGA INDICATOR PATTERN PRODUCED BY THE
(PLUS REFLECTOR) ANTENNA

ROTATING DIFFERENTIAL DIPOLE
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_ EXAMPLE OF INVERSE INDICATOR PATTERN
OBTAINED WHEN RERADIATION EXISTS AT THE SITE
OF THE DIFFERENTIAL DIPOLE ANTENNA
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