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A further sdvancemsnt in the coding of I.F.F¥. systems has
been made in order to provide continuous individual-identity
informatien for each target replying to an interrogator-res-
ponsor unit. A transpondor, on being interrogated, will by
means of the coder equipment described herein reply with a series
of pulses arranged so that, when received end viewed on a PPIL
or B type display, letters or numersls will be formed. No modie
fication to existing interrogator-responsor or display equipment
is necessarily required, and no voice communication channel is
necegsary for full utilization of informetion available, . Identity
informetion for several targets is presented simultaneously, each
target being characterized by 2 different group of letters.

In order to accomplish this, the traffic handling capacity
of the system is less then that of & single pulse reply system.
Therefore, letter coded IFYF replies are not suggested for uni-
versal codines of IFF systems, but should be of greatest value
in special operations requiring closely-coordinated remote con-
trol of several targets.
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METHOD OF CODING AND DISPLAYING I™F REPLY SYMBOLS

INTEODUCTTION

1-1.1 The original purpocse of an IFF system‘was to allow recogni-
tion of a radar target as friend or foe. Another function was
guickly found, that of differentiating between friendly targets.
Two examples of such use are of particular interest, In anti-
submarine warfare, a plane having contact with a submarine would
reply on G band frequencies as well as on the normal A band of
Mark IIT IFF, indicating to the controlling radar the particular
plane in the area which has submarine contact. The resulting elim-
ination of confusion and saving of time were vital factors. Fighter
direction was similarly aided since the exact position of a parti-
cular plane in a group could be found by requesting that plane to
"Meke George talk™.

1-1.2 The Mk V system was designed to facilitate individusgl iden-
tification of friendly targets. 1In addition to the standard IFF
operati-n, Personsl Identity and Flight Leader Identity were ob-
tained by special interrogation codes and Emergency or distress
indicated by a characteristic reply code. PFurther informstion was
transmitted by warying the reply characteristic to produce Morse
code symbols (slow coding).

1-1.3 The information obtainable from the Mk V system is limited
by the time required to read the "slow code", snd radio communi=
cation is needed for the personal identlity function, During op-
erations requiring closely coordinated control of many units, it
is highly desirable to have available continuous information re-
garding the individual identity ol each target seen on the radar
screen. Thls information should be asvailatle with the radsr op-
srating normally and, in particular, without stopping the antenna
rotaetion as is necessary to read ¥k V "slow code"™., ©No radio
communication channel should be necessary for the complete utili-
zation of all information.

1-1.4 The purpose of this report is to describe the development
of a system for supplying, quickly and continuously, information to
identify individual friendly targets. This informastion takes the
form of letters, numerals or symbols when viewed on an intensity~
modulated screen having range and azimuth as coordinates, such as

the standard Plan Position Indicator.

1-1.5 Because of availebility, the Mark V IFF equipments were used
to demonstrate the operation of tnis method of coding. A trans-
pondor was modified to transmit the information by the addition
of a coder. Yo modification to exis ting interrogator-responsor
equipment or indicotors was necessary for pregeption and presenta-
tion of the information. Different letters may be used by each

friendly unit.
-1- A RO



l1-1.6 The principal smployed is the szme as that used in facsimile
and television, that of transmitting successively groups of pulses
which form a mosaic image on a viewing screen when properly synche-
ronized and positioned. The character of the pulse groups trans-
mitted is determined by & coder attached to the transpondor. Syn-
chronization is obtsasined since each interrogation received at the
transpondor causes one group of pulses to be transmitted.

Forpatlon of Letters

1-2.1 For example, the letter "E" will be formed by the following
seguence.

The first interrogation will csause the transpondor to reply
with five equally spaced pulses forming the first group. These
pulses will be received and presented on the screen st a pogi-
ticn such that the first pulse represents range to the target.

This reply will ce repe ated for the following several interrogating
pulses, allowing the reply to assume a definite agimuth as the
antenna rotstes., See Plate 1.

1-2,.2 After the several interrogstions mentioned above, the trans-
pondor will begin © reply with the second group of pulses, con-
sisting of only the first, third and fifth pulses. The range re -
presented by the first pulse is ££i1ll the range to the target.
Several succegssive interrogations will be answered by the second
sroup of pulses, and the anternna azimuth will change during this
interval.

1-2.3 The third and fourth groups of pulses duplicate the sescond
group and are transmitted in the same manner,

The fifth group of pulses consists of tne first and fifth
pulse, and is transmitted in reply c¢o several successive interro-
zating pulses in the same manner as the other groups.

For an interval after the transmission of the fifth group
is complete, no re:ly pulses are transmitted in crder to leave a
space vetween letters.

1-2.4 The mosaic pattern formed by the received pulses presented
on & PFI screen are shown in Plate 1(a).

Specing and Fulse Widths

1-3,1 There are two fundamental alternatives in the selection of
letter size. A large letter may be used for direoct viewing on a
PPI screen, or a small letter may be used which would appear as a



thin arc on the PPI screen but would be readable on an expanded
screen such &s the type "B" screen employed in the VF remote in-
dicator.

1-3.2 The pulse width may be much smaller than the pulse spacing,
since the minimum spot size on a screen is usually determined by
focusing characteristics. At long sweep ranges a spot may be
several times as long as the pulse whish produces it. Sufficient
spacing between pulses should be used to prevent the spreading

out of the spot from rendering the letters unreadable.

1-5.3 The minimum number of possible pulse positions required for
readable transmission of a letter in general is 25, excluding the
space between letters. This number of clements is obtained by
using five pulse groups, each group containing five positions for
the possible appearance of a pulse.

FACTORS DETERMINING SIZE OF LETTERS ON VIEWING SCREEN

2-1 If the characteristics of the transpondor and coder are
held constant, the size of the letters presented on the viewing
screen becomes a function of the range scale in use, ranze to the
target and interrogator-responsor antenna rotation rate as well

as scrven size. Two other factors affecting letter size sre pulse
spacing in the transpondor and the time necessary for complete
transmission of a letter.

=2 The height of tae letters may be obtained by the following
relations

=% 4 a (]
wheres
H = Letter height in inches

Tt = Time required for transmission of all pulses in
a group (See plate 1)

& = Trace sweep speed., inches per microsecond and is
given bys

a — _Sweep length, Inches (2)
(hange in use, Miles) K

wheres
KT 12,37 for nautical miles

K — 10.74 for statute miles,
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The height of the letters is directly proportional te the physical
length of the sweep and inversely proportional to the range re-
presented by the sweep,

£2-3 The width of the letters in degrees is given by the follow-
ing relations

Wg =T « b (3)
wheres Wg — Letter width, degrees

Ty, is the time in seconds required for the complete trans-
migsion of a letter and given by:

TL o 60 : (4)
N . Coder HPM

where:

N = Number of letters sent by one revolution of tae
coder cams,

Coder RFM = RPM of coder cams

b is the I-R antenna rotation rate, in degrees per
second, given bys

b Z 6 « Antenna RPM (5)

2=-4 The width of the letters is directly proportional to the re=-
ceiving antenna rotation rate.

The width of the letters in inches may be found by
W=WgC (6)
where:
W 2 Letter width, inches
Wg = Letter width, Degrees, (from Egn, 3)

(Sweep Length Inches) (Terget Ranges Miles) (7)
57,3 (Range Scale in Use, NMiles)

substitution of the expression for Wg in eqn. 6 yields:

G =

W=2n . Antenna RPM .,
N Coder RPM

(Sweep Length, Inches){Target Kange Mi.) (g)
(Kange Scale 1in Use, Miles)
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2-5 For good readabllity, the ratio of height to width should

lie between 0.5 and £.0. When the coder charactcristics are held
congtant, short ranges require higher I-R antenna rotation rates

than long ranges if a PPI type presentation is used,

e-5 If 2 screen having a constant range per inch and degrees
szimuth per inch is used, for example, the type "B" scope of the VF
indicator, the letters will slways appear the same size regerdless
of range to the target. The letter width remains a direct function
of antenna rotation rate.

2=7 Two sizes of letters were chosen, one to be viewed dirsectly
on the PPT screen and the other to be vieswed on the type "B"

scope of the VF. The large letters, designated as "Wide" (having
wide spacing tetween pulses) use a maximum of five pulses, spaced
by 8 microseconds. The smsll, or "Narrow" letters use five pulses
spaced by 2 microseconds. The height in inches of the letters are
given in Table 1 for verious ranges on the VE and VF indicators,

TARLE 1
Letter Heights, Inches
Range in
Use, Miles Type of Indicator
VE : VE VH
7" PPI 5% PPI 5" Type B
"Narrow! 4 35 405 j i
Letters 20 e .081 ey
20 +428 e e Not Usscable
“Wid&“
80 + 207 OBk " i
Letters
200 . 043 <032 * "

Minimur Antenna Besmwidth

£~8 As the I-R antenna rotates, it must be receptive to signals

from the transpondor for a sufficient length of time to allow com-

plete reception of the letter or letiers used. The minimum antenna
bsam width which will permit complete reception is

Omin = (N +1) Wg (9)

Bmin = Minimum antenna beam width.

—5_



N — Number of letters to be received for complete infor-
mation.

Ng = Letter width, degrees, given by equaticn 3.

Qubstitute for Wg

Smin — (N+1) . Br @ b (10)
Substitute for T and b
-, " 60\ -y (W1
Omin = 360 I-R Ant. RPH . (N+1) (12)

Coder Cam REM N

2-g.1 A tabulation might also be made of letter widths in inches.
It is more uscful; however, to have a table showing the range

over walch letters with readable proportions may be obtained.
Since both letier height and width ere directly proportional to
the screen size, the ratio of height to width is independent of
sercen size =nd a table of general values for any PPI screen may
be made.

2-9.2 Readable letters are defined as having ratios of height to
width between 2.0 =nd 0,5, and Table 2 lists the ranges to the
target in miles over which letters with these proportions may be
obtained for a given range scale 1n use.

Results of tests have indicated that the letters are ac-
tually readable, with increasing difficulty, to resnges of approx-
imately half the minimum snd twice the maximum ranges given in
Table 2.

Antenna rotation rates of 5 and 10 RPM are used. Other
factors are?

Coder RPM 150

Number of letters in code 5,

Height of letters From Table 1
-6~



TABLE 2
Ranges in Miles to target which will give letters
with a height to width ratio between 2.0 and 0.5
P.P.I, Typs Screen

I.Rs Antenna : E i
Rotetion Rate ; 5 RPM 10 REM

Range Scale |

in Use .
|
"Narrow! 4 Viles : None 2.5 to 4 Miles
Letters '
20 Miles 5 to 20 Miles 8 ¥o A1 9
Lt i_dE;‘." % T
Letters 20 Miles ; None 11 to 20 Hiles
gg " | 23 to 80 Miles i to 44 ®
200 ° } 22 to 85 °® . e X

Pulse FRepetition Freguency

2-9,% In order to insure satisfactory reception and prescntation
of the letters, each of the 6 pulse groups (including the space
between letters) should be repeated a minimum of 3 times. This
catablishes a relation between the minimum P.E.F. of the I-R

end the rate at which the coder sends letters.

PRF = 18 (13)
5 5
Ty, is given by Eqn, 4 substituting:

PRF 2 0.3 (N) (Coder R.P.M.) (14)

METHOD OF OETAINING PULSE SPACING AND SWITCHIRG

Se The method used to obtain pulses at the selected spacing 1is
to introduce a pulse into a series of 4 delay lines and at the end
of each unit of delay to feed the pulse into a mixer. The output
of the mixers then contalas five pulses, delayed 1in steps from zero
time to 4 times the unit delay. 3See plate 2, a. One mixer is used
for ecch pulse, and the mixers are normally made inopcrative by
negative grid bias, When it is desir:d to allow a pulse to appear,
the mixer is enabled by grounding a woltage divider resistor which
reduces the negative grid bias on that stage. See plate 2, b.

e



FIRST MODEL OF LETTER COLER

4-1 To prove the principles involved, a model was bullt intended
to mount directly on the front of and to take its power from an
EN/APK-B transpondor. As previously stated, Mark V IFF equipment
was used as a metter of convenience., Plate 3 snows a block diagram
with necesssry connections to the transpondor. Cams were used

(Se¢ plate 2a) for pulse s%éction, one set of five sections being
used for "wide"™ letters and another set of five sections rotating
ot five times the speed of the former being used for "Narrow"
letters. "Harrow"™ and "Wide" letters were to be transmitted
simultansously, and both consisted of the letters "CH" chosen at
random,

4-2 A view of the finished coder, without case, is on plate 4,

A major problem was encountered in constructing the coder suffi-
clently smgll to mount on the AN/ALPX~6, since delay lines oesupied
half the case. The available voltazes from the AN/APX~6 necessi-
tated some compromise in design, High pulse attenuation encounter-
cd in the delay lines made it a difficult problem to obtain a group
of pulses of uniform voltage and shape. The negative grid biss
voltage epplied to the mixers proved to be critical as did the
values of conponents in the mixer pulse selecting circuitse.

4=3 Tests of the coder under simulated conditions, not connected
to an AN/LPX-6, showed that readable letters could be obtained.
(Sce Flate 5).

4-4 Operation when connectsd to the AN/APX-6 was not satis-
factory for the following reasons:

4. Since both input and output pulses were negative, ring-
around resulted from the sensitive bootstrap input circuit
pleking up a small amount of the output pulses.

b. The AN/APX-6 could not be reliably triggered with inter-
vals less than 8 microscconds between pulscs. The "Nerrow"
letters could not be transmitted.

c. Voltage regulation on the negative grid bias circuilts
was not sufficiently good.

4-5 Considerazble effort was expended to improve the operation
of the coder, znd both the AN/APX-6 and the coder were modifled.
The only trouble thst could not be corrected was item b above,

nd a redesign of the AN/APX-6 modulator seemed to be required to
climinste tonis. The model was not considered satisfactory for
flight tests and consequently it was abandoned.

=B



SECOND MOLEL CODER

5-1 A second coder was designed to overcome the difficulties
encountered-in the first model. This coder was to be mounted
separately and contain its own power supply. The cam system of
pulse selection was replaced by a commutator and switching errange-
ment to allow rapid selection of nearly any letter, numpgcral or
symbol. The coder will be discussed as three units, the Coder
Unit, Commutator Unit, and Letter Selector Unit.

Coder Unit

5=2 For a block diagram of the Coder Unit, refer to Flate 6,
The input negative pulse from the AN/APX~6 is fed into a blocking
oscillstor. In order to minimize ring around, the recovery time
of this ecircuit was made 2bout 100 microseconds. The positive
pulse from the blocking oscillator is fed into two groups of delay
lines, one with 8 microsecond units of declay for "Wide" letters
and the other with 2 microsecond units of delay for "Narrow" letters,
From points along thesc lines, pulses are fed into the "Wide" and
"Norrow" mixers. These mixers are made inoperative by the gppli-
cation of high negetive grid bias and are enabled when an zrm of
the individual negative voltage divider in the grid circult is
grounded. A selcctor switch allows either the "Wide" or "Narrog"
mixers to be operative, not both simultaneously. The train of
positive pulses from the mixers is amplified and used to trigger

a timed blocking oscillastor. Positive pulses 0.8 microseconds in
duration and 90 volts in amplitude sre fed from this blocking os-
cilletor to the modulator driver in the AN/APX-6. For wiring
diagram, refer to Plate 7,

Commutator Unit

5=3 The Commutatoy Unit consists of five motor-drive rotary
switch sections: each with twenty positions. Esch section controls
the grid bies of one mixer, If a commutator bar is grounded by
means of a switch, the mixer connected to that section will be
enabled during the time the brush is in contact with the grounded
bar. Thus the time for one revolution of the commutator is divi-
ded into twenty intervals, and a mixer can be made operative for
any desired combination of these intervals by setting twenty
switches. There are sufficient intervels to allow three letters
to be sct up leaving a space between letters. For wiring diagram,
refer to Flate 8,

Letter Selector Unit

5-4 The function of this unit is to ground any desired commu-
tator bar. It consists of four sections, e¢ach section containing

25 push button switches arranged in a square, thus providing switch-
ing for four letters, DLue to commutatopr limitations, only three
sections are used in this model, When a push button is pressed,

it locks into position and grounds the lead connected to it. At

- i R



the same timc the lucite cap of the button is illuminated to indi-
cate that the switch is grounding. Each switch is connected to

a commutator var in an arrangement that causes the coder output
pulses when viewed on & PPI screen to form a facsimile of the illum-
inated switch positions. The push button caps for different letters
are colored differently to aid in setting up letters. Almost any
cheracter may be gquickly punched into the unit, and a release

butiton allows raplid changing of characters. The finished unit is
illustrated on Plate 11, For wiring, refer to Plate 8.

Connections to AN/APX-6

5-5 Considerction wes given to simplifying the connections to
the transpondor. A trigger output to the coder, pulse input from
the coder and one relay control lead are the only connections re-
guired. One relay was added to allow the AN/APX-6 to function
normally or with the coder. Refer to Plate 9 for a diagram of
interconnections.

gonstruction

5-6 T+e Coder Unit and Commutator Unit were each built on a
standard half-size ATH chassis. Cables connecting the two units
are detachsble. The Letter Selector Unit is in a separate unit
connected with soldered lezds to the Commutator Unit, No effort
was made to minimize either the size or weight of this model.

HESULTS OF PRELININZRY TESTS

6. Tests with the coder connected to a modified AN/APX-6 show-
od that satisfactory operation could be obtained. The amplitude
of the r-f pulses from the AN/APX~-C decreased orogressively in a
train of pulses spzced by 2 microseconds, the fifth pulse being
from 1 to 1.5 db below the power level of the first pulse. This
condition was apparently due to inherent characteristics of the
AN/LPX-6 modulator, and no attempt was made to eliminate it. Most
letters and numbers were casily readable.

FLIGET TESTS

7-1 Results of flight tests showed that the "Wide" letters were
readily readable on th: VE and VF PPI screens from 1C to 80 miles.
When the 200 mile range scale was used the letters were too small
to be read easily. Confusion was noted between the letters 0 and
% C and G, D and 0.  kefer to Flates 13 through 18 for photo-
graphs taken of the indicator screen of the VE.

7-2.1 4L comparison of plates 13 and 14 shows that the letters

arec more easily readable when the spacing between letters is in-
creased.
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Plate 15 is a display of numerals illustrating the versa-
tility of the system,

7-2,2 Flate 16 shows the®™Wide" letters viewed on the 80 mile
range sweep, while Plate 17 sanows the "Wide" letters presented

on the 20 mlile sweep. Plate 18 was teken a moment after Plate 17,
with the coder switched to "Narrow" letters.

7=3.1 The "Narrow" letters could be read on the 4 and 20 mils
range scales of the PPI screens and at any range on the VF ex-
panded type B screen. Refer to Plates 19, 20, and 21 for photo-
graphs of the type B screen.

7-3.2 Plates 19 snd 20 show the presentation on both the VE PPI
and-the VF type B indicators. The letter coded reply appears
as an arc until it is expanded,

7-%3.3 Flate 21 shows the pressntation of two other letter groups
and illustretes a fault of the present model. The action of the
commutetor unit is not sufficiently goods consequently some pulses
aré mis sing from their proper positions and other pulses appear
where there should be none. A redesign of the commutator bars and
brushes is necessary to remedy this condition.

7-3,4 The same confusion-tetween certain letters was noted &s
with the "Wide™ lutters. An additional element of confusion re-
sults from the presence of long pulse. talls on saturated signals

aused by over-loading of the video amplifier in the VF irdicator.
Lt long ranges, the "Narrow" letters appecared as & narrow arc on
the PPI screen much the same as a standard I.F.F. reply, but, on
examinstion with the VF type B scope, the letters boucome more
nearly readable. However, the letters are still not satisfactory
and the direction of future work is clear. The spacing between
pulses must be reduced until the construction of the letters is
nc longer apparent on a fast sweep, and the cause of ovsr-shoots
on saturating pulses found and corrected in the amplifier,

Effects of Echoes

7-4.,1 It was expected that a pulse arriving at the receiving
entenna over more than one path (having been reflected from an
object) might be a source of clutter end tend to obscure the de-
sired pulse psttern. Little evidence of such interference was
cncountered with the "Narrow" lettsrs, none with the “Wide",

7-4.,2 Assume that « pulse can reach the recsiving antenna over
two paths, one being the direct path from Transpondor to I-R aud
the other path from Transpondor to an object and then to the I-R.
Th¢ latter path will be the longer, snd the pulse erriving over
it 'will appeasr at a time S sfter the direct path pulse. If the

ol L T



difference S in the time of arrival of the pulses is such that
the reflected pulse falls in the time allocated to other pulses,
interference will result. LRefer to Plate £2a for illustration.

A reflected pulse arriving at & time less than S; after its di-
rect path component will not cause interference, nor will a re-
flected pulse srriving at a time greater than So after its direct
path componeiit, since these echoes do not fall in a space where
another direct path pulse should appear.

7-4,5 A series of reflecting points located so that a constant
differcnce exists between the direct Transpondor to I-RE <Zistance

D and the distance D + 8 from Transpondor to the reflecting point
to I-kK will lie on an ellipse whose semi-minor axis given by?SDTl/
The foci of this ellipse are the Transpondor and I-k l B

7-4,8 Two ellipses can be drawn as in Plate 22b such that the con-
stant path differences are 37 and Sp. The path difference from the
Transpondor to & point 2 inside both ellipses to the I-R will be
less than Sy, therefore an object at A will not cause interfering
echocs. Similarly, the peth difference for a reflection from point
B outside both ellipses will be greater then Sg, and no inter-
fercnce will result. Any object lying between the two ellipses,

as at point C, will be capeble of producing an interfering echo.

7-4,7 These ellipses are ellipsoids of revolution sbout an axis
pasging through th: Transpondor and I-k, Objects beyond the I-k
may cazuse interfering reflections, but reflections from these
points are discriminated against by the directional characteris-
tics of the I-LE antenna. The greatest source of interfering echoes
is expected to be from reflections arising nesr the Transpondor.
These may be caused by other ships or aircraft in the formation

and are accepted by thc I-R antenna,

7-4.8 Echoes from objects on the ground can cause intesrference

when the Trenspondor and I-R are close together, thal is,; within
a distsnce dotermined by the linc-of-sight horizon on the garth

from the I-R antennsa.

Discussion of HResults

7-5.1 Results of the flight tests were satisfactory in proving
the possibilities of letter coding and alsc in demonstrating the
limitetions predicted.

7-5.,2 The system @llowed pasitive and unique identification of
the test plane ot &ll times, and other information (altitude,
flight plan, aerological conditions, etc.) could be transmitted
by the use of preassigned code letters,
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7-5,3 The rotation rate of the I-R antenna was limited to a defi-
nite renge of values, depending on the distance to the Transpondor.
However, two speeds took care of most conditions encountered.

7-5.4 Two planes transmit ting letters will yield an overlapping
and unrcadavle letter pattern on a viewing screen if their ranges
and aszimuths are nearly the same. For "Wide"™ letters, range
difforences less than 3 miles or azimuth differences less then 15
degrees will result in such interference. For "Narrow" letters,
the range separation must be at least 1500 yds and azimuth sep-

g i

aration at least 10 degrees to avolid overlapping patterns,

QJ(}"I

7=5.5 The traffic handling capscity of the letter coded system
is leas than that of the Nk V system, since more time is required
for cach reply. The azimuth discrimination of the I-R antenna
also must not be narrower than a calculable minimum,

7-5.6 Likewise, the transpondor transmitter duty cycle is increas-
¢d since more pulsecs are used in the reply than are normally used
with the Mk V system. This mcans an increase of avcrage trens-
mitter power 1is required to maintain the sume peak r-f power out-
put, or a reduction in peak power output if the average power 1is
not to be increased

7-5.7 Most, if not all, of these limitations may be removed by
the use of very narrow pulses spaced very close together.

Several advantages are thereby obtained:

(a) Traffic handling capacity of the system is in-
crecased since less time is consumed by one reply,

(v) Replying targets may be close together and still
yield distinet and readable letters.

(c) Transpondor duty cycle is decreased, and higher
peak power may be obtained from the transmitter for a given
average power input.

(d) HRange and azimuth readings may be made with
greater accuracy.

(¢e) Size of the coding equipment may be reduced by
the use of shorter delay lines.

7-5,8 In investigating the small letters, difficulties may be en-
countercds

(a) Receiver basndwidths, both I.F. and Video, may
need to be increased to satisfactorily handle very short
pulses.
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(b) Transmitter starting time and debay timec must be
minimized. Both the r-f oscillator and modulator must be
capabtle of yielding undistorted short pulses with close
pulse spacings.

Application for Fighter Direction

7-6.1 The number of friendly planes in the alr over a sector will
depend on many factors and may vary from a small combat air patrol
to as many interceptors as the fighter directors csn handle.
Should a raid be detected, certain alrcraft must be vectored to
the raid as quickly as possible. With a letter-coded IFF system
in use, the identity of aircraft best positioned to intercept the
raid is instantly available without continuous tracking. Thus,
vectors can be given to the proper aircraft almost as soon as the
raid is detected.

7-642 There 1s neither the time deley inherent in systems re-
guiring identification of planes one by one (Mk III, Mk V) nor
the c¢normous labor and possibility of error found in systems re-
guiring continuous tracking.

Application for Aircraft Traffic Control

Tl It ma; be necessary to control many aircraft iIn a congested
area under conditions of poor visibility. The IFF reply sent by
an egirecrait could then consist of one letter for squadron or air
group identification, one or two letcers for plene identification,
and one let.er sutomatically controlled to indicate eltitude. A
squadron would be assigned a definite area and sltitude for
rendezvous until it could land. The identity of any plan stray-
ing out of its sssigned position will be instantly known and that
plane can then be vectored back into position. The probabllity

of collision is lessened since zircraft may be warned immecdiately
of impending danzer. Should two eircraft indicating the same
altitude approach too closely, their identity is known immediately
end they can be vectored out of canger. An asircraft im trouble
can be identified on the scope and given directions for landing
immediately.,

CORCLUSIONS

8-1. The models built and tested proved that this scheme of cod-
in: is workable, In thesc tests no special equipment was needed
to receive snd display the letter coded reply and the restrictions
placed on the receiving equipment were not abnormal,

8-2i If this system were to bec applied to the Mk V IFF system

for purposes of &ir control, satisfactory presentation of three
"yide" (five one microsesond pulses spaced 8 microsesonds) letters
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would be possible with an AN/UPA-3 antenna rotating at about 4 KPM
and the display on such typicel PPI scopes as the VE and VF., With
the commutator opeéerating at 150 KPM, letters with a height to width
ratio between 2.0 and 0.5 would be obtained when the target range
is from zbout 20 to 80 miles.

8-3. The £%/UPA-6, 7 and 8 antennas would give the sbove results,
as would the AN/UPA-12 antenna also if it wsre rotated at 2 RPM,
other conditions being unchsnged. If the commutator were operated
ot 300 RPM, the AN/UPA-12 antenna could be rotated at 4 RPN.

8-4., The LAN/UPA-13 antenna with its comperatively narrow beam
width would give the seme results when rotating at 2 KPM with the
commutsetor rotating at 300 RPM. f the antenna KPM were 4, letters
with a height to width restio between 2.0 and 0.5 would be obtalned
when the targst range is betwsen 10 and 40 miles.

8-5. Results predicted for the system when used with the SR radar
re the same 28 for the VE indicator.

I

8-6. The SX radar with its larger PPI scope should give a more
easily read presentation when used with this system and the "Wide"
letters. The combinastlons of IFI antenna types, rotetion rates,
coumuntator rotstion rates and target renges given in the pe&ra-
graphs sbove apply for this case also. The type E scope would
allow the "Narrow" letters to bc resd at any range.

BT If an IFF system were designed around this coding system
the incresse in scope clutter and decrease in traffic handling
capacity and other disadvantages could be lergely elimineted.
This would require nsrrow pulses closely spaced znd special dis-
play.

8-8. It should be noted that if a varisble range scale is used
with @ PFT scope, the height to width ratic of the letters does
not change as the renge scale is changed,

RECOVVENDLTIONS

9-1, Further study is recommended in order to establish optimum
design parameters and operating conditions. Attention should be
directed toward the possibility of using very small letters com-
posed of extremely short pulses. Technical improvements in the
methods used for coding should be sought, in particular for the
eliminetion of all mechanical contacts.
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"WIDE® LETTERS "CH" VIEWED ON VE INDICATOR
SIMULATED CONDITIONS
RANGE SCALE 80 MILES

PLATE 5



LINN ¥3000 300N
WYHOVIQ %0078

aNo0o38

PLATE €

¢ e . -0
e 9'0 9 -XdV/Nv
o .
ANddng | —eeee oL
P ¥3MOd . $38d LNdLNO
'O’V A0l Mo e
[+ ' S
: ONILVOIONI
Lna PRBRERER T 1 “ ok
¥3aMod " o 9-XdV/ NV
oL ava
A0S3* [AG9. |¥OLVITNOSO |
ONINDO0TE ! JOHINOD AVI3Y
AOGi+ Q3aNIL | —0
- UL
:I/ 4
H31411dNY oo
Il_l| LU \.w so“uc“zq:zoz
7 7 7 H S
e .ﬁ o, 28
. | =]
i
o e ol a3 i 8 ey i i e iy -
(3] [B] [3 70031 (2] (3] [B] [3]! e
] = | 7] |
'3 = 3 Z a2 E =) m @l
__ 3 ° [ 3 o =9 HOLVLNNNOD
| i | WOMd SAaV3"
" SHUIXIN|  ,3AIM,, ! " SH3EX IN ,MOYYYN, ! OMANOD NHIXIN
2 v 2 0
‘03S ‘OMOIW NI Q3LVOKNI Av13d ‘080 43009
2€ 2} 91 8} 0 aNIT_Av13a ONINOOTE [ —° oL
| 7035 "OHOW NI G3LvOKONI ><._|ma_.k A ._umwu__zp_
aNIT AvI3Q




NECRTIVE
THIGEER
>
l I 7oV.
ey

e

& 0 3 it EVE ,w.%_um uw‘&_r
L e — S v R—— STV VVSS | (M | RiNsEeRe
Ins g & S : i
| N 2 | a = _ | |
S 1+ 3 [0 ]
| L _
—— : T =]
. _— | 35 0 55
& & . | '
o -y 1 | | ]
AN AN |
5| g |
i ¥ |
~ _ T |
3 *
| ...‘......y\r|& " _
_ | & .
| Laiing _
_ eﬁzi___‘
|
o~ M \7 ]
i
/ _a/
“ .
7 | | <
3 ¥ 7 ‘“ |
9
] _
FAAAAAS
~Ll- ”-
mll S
L] x
8 £
é.<<<f{5>>..:__.
o
o
&
AN
" ? G L:_.s ~
g . g & ¥
LY » °






ma H
o _ a
> 2
[ 08 O
]
2|8 g
= =
. m W ¥
2% 7 A +
2 B
3
\\ |||||||||||||||||||||| =
N | e o |
g _u._..m ] .%..3:.(
.IH“ @« q.m.f . o .o_. (5] o- .u/D -.. w .- n
e o 2o b 2% o o
\ : i L \ et il e
llllllllll A_._lll..l.. eyl —p b .rll.lﬁl||||....||L = W
U] o
Nmu, U i 8
ﬁnmom _
B tIGIE:
: |
\BARS Pm .1




= P = ser=h )

] é_ é: »j ;j 3 S| NOTE: =WITCH DEZK "A" 15 SHOWN WIRED
' A5 i FIRST TO ROW “A* OF THE LETTER SELECTOR
ELe =l e = e o s UNIT, SWITCH DECKS B,C,D; & E ARE
4-ed e Sl ) 25 OMMECTER IN LIKE MANNER TO ROWS

sy sy s sy o Sr‘\zcﬁ-q 8 E OF THE LETTER - SELECTOR
lhay Bl S5 9y ey THE SYMSOL > INDICATES A PUSH-

S BUTTON SWITCH WHICH @GROUNDS THE LEAD

Gt CONNECTED JO IT WHEN THE BUTTON
> | e 1S DoWN

I

|

|

|

I

| THIRD

[LETTER

I

|

l

|

|

IFOURTH

| LETTER

NOT
lconnECTED
1

LETTER SELECTOR UMNIT

€ 1355
= + 250 V
(000
— <
a—
S —— R
i =5 1
Yiliﬁ 28 i —65\’_:
i .3 ¥V TO ALL HEATERS
- EXCEPT V&

HEATER V&

g"gaa e "POWER ONM

1

= TO SELECTOR SWITCH

} L B I 4 POWER SUPPLY)
LA (PART OF CODER UNIT
f s SCHEMATIC DIAGRAM
COMMUTATOR ,dUNCT'nON BOX
LETTER SELECTOR UNIT

AND POWER SUPPLY

R-&380 ' PLATE 8



T-102

= ,  C~110 .
% G RO =
l 1
K-104 B 5 i | L3
2 3 | i v-109
——0 i (— II—-o.q._.oI_..
1
(o] #0 :
I | 1
I ! R-123
. Pr - s
1 p !
I ]
; : ;—L R-124
B Sl
RELAY
ADDED
q D
n ¥ <
. (?ONTROL tL
PULSES TRIGGER
FROM .
CODER CODER
HEAVY LINES

DENOTE CHANGES

DIAGRAM OF CONNECTIONS

AND CHANGES IN AN/APX -6 FOR
USE WITH SECOND MODEL CODER

ey R-2980 PLATE 9



10

LINA HOLVLAWWOD ONV LINA ¥300D “9=XdV/NV @314 0OW

PLATE

-
’o.

[

S

7T04LNOD
@33d4S HOLVINWWOD

avan
AV13Y 08 LNOD

¥3009 OL
LNdLNO ¥3IOOIYL

L3

LINN ¥019373S

¥3LL3T
43009 WOoM4
oL $378VD 1NdN! 3s1nd




GOMMUTATOR GODER
UNIT UNIT

;h‘?é ’
i "
 LETTER SELE#TER-‘
-~ UNIT '

CODER UNIT AND COMMUTATOR UNIT-COVER REMOVED, AND LETTER SELECTOR

UNIT, TOP VIEW

PLATE Il



>- TUBES AND
CIRGUITS

DELAY LINES

> POWER SUPPLY
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"WIDE" LETTERS "FC" VIEWED ON VE INDICATOR
RANGE TO TARGET 50 MILES
ANTENNA RPM 6, RANGE SCALE 80 MILES
CODER CAM RPM 150
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"WIDE" LETTERS "XY":VIEWED ON VE INDICATOR
RANGE TO TARGET 33 MILES
ANTENNA RPM 6, RANGE SCALE 80 MILES
CODER CAM RPM 150
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"NARROW" LETTERS "FS": VIEWED ON VF TYPE B INDICATOR
RANGE TO TARGET 45 MILES
ANTENNA RPM 7, CODER CAM RPM 150

THE SAME LETTERS AND CONDITIONS AS ABIVE, SEEN AS AN ARC ON
THE VE PP1 INDICATOR.
RANGE SCALE 200 MILES

_ PLATE I9



"NARROW" LETTERS "AC" VIEWED ON VF TYPE B INDICATOR
RANGE TO TARGET 63 MILES
ANTENNA RPM 7, CODER CAM RPM 150

THE SAME LETTERS AND CONDITIONS AS ABOVE, SEEN AS AN ARC ON
THE VE PP INDICATOR.
RANGE SCALE 80 MILES

4
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"NARROW" LETTERS "XY" VIEWED ON YF TYPE B INDICATOR
RANGE TO TARGET 4O MILES
ANTENNA RPM 10, CODER CAM RPM 200

"NARROW" LETTERS "NRL" VIEWED ON VF TYPE B INDICATOR
UNDER SAME CONDITIONS AS ABOVE

PLATE 21
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