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ABSTRACT 
~ • st ] 

A method is presented for predicting Tacan channels which can be 
expected to cause interference to IFF systems. While the method is 
general and can be applied to either system, this report only treats the 
case of interference by Tacan system equipments to IFF equipments. 

The effects of interference are treated by considering nine simple 
links between the source and the equipment affected by the interference. 
Sets of curves have been constructed to approximate the overall fre­
quency response to be expected from the various kinds of IFF equip­
ments (e.g., interrogator-responsors and transponders) using Tacan• 
equipments as signal generators. These overall response curves, which 
include expected production and service operating variations, have 
been constructed with the aid of data taken by the Naval Air Test Center 
(NANEP), Patuxent River, Maryland. When the overall response curves 
are used with line-of-sight propagation curves, a graphical means is 
provided for de t e r mining the Tac an frequency channels which will 
cause interference on specific links. By choosing a number of distances 
(i.e., separations between the interference source and the equipment 
affected) together with the calculated duty cycle of the source (Tacan 
equipment) a plot of the interfering channels is obtained for each link. 
Sets of results for half-wave dipole receiving antennas are given, and 
means are provided to correct for the effects of using directive, rotat­
ing interrogator-responsor antennas. 

Predicted results, obtained using the method of this report, com­
pare favorably with NANEP flight test data. Further use is made of 
the nine s imp 1 e links to demonstrate that any practical operational 
situation can be res o 1 v e d into these links for analysis of the entire 
interference situation. It is shown that any practical case can be 
represented as one of two pairs of general cases. A schematic repre­
sentation is used together with limit equations for duty cycle to provide 
a systematic means of analyzing practical interference situations and 
determining the total interference (duty cycle) to be expected. As an 
example of the use of the complete method, the results of tests per­
formed by the Operational Development Force at Atlantic City, New 
Jersey, during October 1955, are analyzed. There is favorable com­
parison of the actual and predicted results. 
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A METHOD FOR PREDICTING TACAN CHANNELS WHICH CAUSE 
INTERFERENCE TO THE MARK X IFF SYSTEM 

[9 e] 

INTRODUCTION 

Because the Tacan and IFF Mk X systems have been developed to operate in the same 
frequency band, they are subject to mutual interference effects. Such effects have been 
studied and analyzed qualitatively, explored experimentally, and tested operationally (1-5). 

There are many effects of mutual interference. The interference to be considered in 
this report is only that which is propagated as the regular authorized transmission of 
specific equipments.* It is assumed that final production equipments will have satisfac­
torily passed radiated and conducted noise tests. Both systems use interrogator-responsors 
and transponders or beacons. Although the Tacan system includes only an airborne 
interrogator-responsor and a surface or ground beacon, the IFF system uses both air-
borne and surface transponders as well as airborne and surface or ground interrogator­
responsors. Various combinations of equipments which can create mutual interference 
are possible; a number of combinations are shown schematically in Fig. 1 as vectors to 
indicate both the source and the affected equipments for each link. 

Even though the interference problems are mutual, and detrimental effects can be 
caused by both systems, this report considers only effects of interference on the IFF 
system caused by the Tacan system: the A links of Fig. 1. The process of evaluating 
the effects of interference is quite general, however; and, given similar performance 
data, the method developed here can be applied to the other half of the problem: the B 
links of Fig. 1. 

The interference links are either simple or compound. Nine of the simple links 
(Fig. 1) are to be considered and are described briefly in Table 1. It is shown that 
compound situations can be described in terms of these simple links. 

IFF SYSTEM RESPONSE CURVES 

To evaluate the effect of interference on the performance of a system, measurements 
are made on individual equipments and then related to production lots of the equipments 
involved. Since this report considers system effects, data on the performance of IFF 
equipments have been analyzed. A set of overall or system tolerances has been obtained 
for four parameters which are necessary in predicting frequency regions where inter­
ference is expected (see Appendix B). These four parameters are (a) responsor sensi­
tivity or transponder minimum triggering level (MTL), (b) receiver center frequency, 
(c) receiver overall bandwidth, and (d) transmitter power output. The system tolerancest 
given in Table 2 are estimates base<;l on the combination of production and operational 
variations. 

*See Appendix A for a more detailed discussion of mutual interference problems. 

t These tolerances were obtained by methods described in Appendixes B, C, and D. The 
production variations (see Appendix C) were obtained from a sample of production test 
data on a single type of interrogator-responsor (AN/TPX-17) equivalent to AN/UPX-1 
type equipments) . The operational variations (see Appendix D) were obtained from 
acceptability test data for a single type of interrogator-re sponsor (AN /UPX- lA) and a 

of transponder (AN /UPX- 5). 
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Fig. 1 - Some Tacan- IFF mutual interference links. The notation is based on 
that used by NANEP (4). The abbreviations used in the figure and throughout 
the report signify: 

A TPR - airborne transponder (AN/ APX-6, -25, -30) 
A I-R - airborne interrogator-responsor (AN/ APX-7) 
S/G I-R - surface /ground interrogator-transponder (AN /UPX-1, -6) 
S/G TPR - surface/ground transponder (AN/UPX- 5) 
TDME - Tacan airborne interrogator-responsor used as distance-

measuring equipment (AN/ARN-21) 
T S/G B - Tacan surface/ground beacon (AN/URN-3) 
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TABLE 2 
Estimated Overall Tolerances of 

!FF Mk X Equipments 
(The 3a values were obtained as a statistical sum of 
component variations; the maximum values, as an 

arithmetic sum. See Appendixes B, C, andD.) 

Overall Tolerance 

Parameter Interrogator- Transponder Re sponsor 
3a MAX 3a MAX 

Receiver Sensitivity or 
Minimum Triggering Level ±9.5 ±13.1 ±9.9 ±13.5 

(db) 

Receiver Center 
,,1. ±7.5 ±10.3 ±7.5 ±10.3 Frequency (Mc) 

Receiver Overall 
±4.8 ±6.7 ±4,8 ±6.7 Bandwidth (Mc) 

Transmitter Power Output 
±4.7 ±6.5 ±4,7 ±6.5 (db) 

Use is made of the three receiver system tolerances (see Appendixes E and F) in 
connection with experimental data to obtain the system response curves. Figure 2-4 
show the response of transponders and responsors to Tacan transmitted signals. Each 
response curve consists of a pair of curves which signify two limit conditions. The lower 
limit (solid line) represents a response of reasonable expectation; and the upper limit 
(dashed line), the response which is possible upon combination of extreme conditions. 
Thus, between these limits approximately 50 percent of the system receivers should be 
found. The response curves for transponders (Figs. 2 and 3) include both the response 
causing (Tacan) signals to appear in the receiver output and the response causing the 
transponders to reply (or to be triggered). There are separate response curves for 
airborne and surface transponders because of the difference in image rejection. 

Since it is expected that a rather large number of Tacan airborne equipment (TDME) 
will unavoidably contain spurious transmitted signals, the effect of these equipments on the 
interference problem must be considered. The overall response curves for transponders 
when spurious signals are present are shown in Fig. 3. 

The responsor overall response curves (see Appendix E) are shown in Fig. 4 as a 
single set which have been drawn for two image rejection values, 35 and 60 db. The 
receivers for the latter case are those in the IFF system which are crystal controlled. 
Since no performance data were available for the smaller receiver center-frequency 
variation to be expected in crystal-controlled receivers, it was decided to show the 
lower image response alone. The results obtained in determining regions of interference 
for crystal-controlled responsors, therefore, will be somewhat pessimistic. The effect 
on responsors of the presence of TDME spurious transmitted signals is also shown 
in Fig. 4. 

DECLASSIFIED 



960 
FREQUE NCY-

MC 

o· 
' ' t- ' t- 20 

" ;: 

~ 4C 

w 
CD 

60 
CD 
0 
I 

_J 
80 w 

> 
w 
_J 

_J 100 

" z 
<!) 
V) 120 

\ 

960 
FREQUENCY-

MC 

0 

t- 20 

i 
~ 

4 0 

w 
CD 60 
CD 
0 
I 

_J 80 w 
> w 
_J 

_J 100 

" z 
<!) 
V) 120 

\ 

DECLASSIFIED 

NAVAL RESEARCH LABORATORY 

LOW BAND TACAN BEACON CHANNEL NUMBERS HIGH BAND 
20 40 60 64 RO 100 120 

--

1000 

' \ 
\ I 
\ I 
I I 
I I 
I I 
I' 
I 
I 
\ 

TACAN DMF CHANNE i. NUMBER S 
20 40 60 80 100 l::>0 

, , I 1 I, I I I I I, It I, I I I I I, I, I 11 

1040 1080 1120 

I , ____ 

I I I I I I I I I I I h 

1160 1200 

SIGNALS AT 
RECEIVER OUTPU T 

(a) - IFF airborne transponders 

LOW BAND TACAN BEACON CHANNEL NUMBERS HIGH BAND 
20 40 60 

I 111 I I I! I 1 !1 

1000 

64 80 100 120 
I I I I [II I I I I Ii 

TACAN DMF CHANNEL. NUMBERS 
I 20 40 60 80 100 120 
I I I I I' I I I I I I I' j' I' I' I I I I 

1040 1080 1120 1160 1200 

SIGNALS AT 
RECEIVER OUTPUT 
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Fig. 2 - Overall response of transponders to Tacan 
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Fig. 3 - Overall response of transponders to Tacan 
transmitted signals, spurious signals present 
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Fig. 4 - Overall response of IFF responsors 
to Tacan transmitted signals 

GRAPHICAL METHOD OF DETERMINING REGIONS 
OF INTERFERENCE 
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To evaluate the effects of interference, the simple links are investigated individually. 
The system response curves are used together with free-space propagation curves 
(Fig. 5) to obtain a prediction of the Tacan frequency channels which will cause inter­
ference at various ranges (corresponding to the separation between antennas of the 
equipments involved) . 

The free-space propagation curves are based on results given by Bullington (6) for 
the conditions of 1 watt radiated between half-wave dipoles, designated as the reference 
line in Fig. 4. Curves appropriate to various Tacan transmitters are drawn parallel to 
the reference line through points obtained by adding the antenna gain over a half-wave 
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Fig. 5 - Free-space propagation curves for various interference links 

TDME MILTS/GB CAA TS/GB 

power output (dbw) 30 39 43 
antenna gain (db) 0 5 5 
feeder loss (db) 1 4 4 
tolerances (db) 6 6 6 

dipole (db) and the power output (dbw), and subtracting the feeder loss (db). Using the 
duty cycle data given in Table 1, it is possible to plot, for each link and at specific 
equipment separations, the Tacan channels most likely to cause interference. In addition, 
the maximum possible number of channels which can be expected to cause interference 
can be plotted. Thus, by graphical means, the extent of interference caused by single 
equipments can be determined. That such results give a reasonably good estimate of the 
expected interference is shown in Appendix G. 

It should be noted that in each case the equipment separation used is determined on 
the basis of a receiver with a half-wave dipole antenna. The results are quite general 
and can be applied readily to any practical situation, even to the case of responsors 
having directional antennas by applying the appropriate corrections for antenna gain. 

Separations of 50, 200, and 1000 feet as well as 1, 5, 10, 50, and 100 nautical miles, 
as appropriate for each link, have been chosen. By graphical construction, results for 
the nine simple links have been obtained; the results for links lA, 2A, and 3A apply 
respectively to links 7 A, 8A, and 9A. Typical results, for links lA (7 A) and 2A (8A) are 
shown in Figs. 6 and 7, which give the interference to single responsor equipments from 
Tacan transmitters for both military and civil situations for the types of responsors 
likely to be encountered. In Fig. 7, both the cases, with and without spurious transmitted 
signals, are given. 

The results for the remaining simple links, taken in pairs, are given in Figs. 8 and 9 
(interference to IFF airborne transponders) and in Figs. 10 and 11 (interference to IFF 
surface-ground transponders). 
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DISCUSSION 

Having obtained the graphical results for the simple interference links, it is necessary 
to consider their use in the calculation of interference in practical situations. However, to 
do so, several limitations of the graphical results must be pointed out. 

1. Although the effective power output and antenna gain (including representative 
losses) of the sources of interference have been taken into consideration, the receiver of 
the equipment affected by the interference (receptor) has been assumed to have, thus far, 
a half-wave dipole antenna. 

2. The indicated results apply to a single source and a single receptor of interference. 

3. No attempt has been made to include interference which results in reduction in 
the sensitivity of receptor receivers. 

4. Spurious effects in TDME transmitters only have been considered; T S/ G B 
transmitters are assumed not to have spurious effects. 

5. The results (regions of predicted interference) ar e dependent upon theoretical 
considerations and experimental data and somewhat upon statistically small samples. 

The first of these limitations applies only to responsors * since directional antennas 
are generally used. The gain of a directive antenna causes an effective decrease in the 
equipment separation; a method of obtaining the effective separation is given below. In 
addition, practical antennas can be considered to have both a main beam and sidelobe 
coverage. In the main beam region, sources can only cause interference when illuminated; 
hence, a possible reduction in the duty cycle of the interference can be expected. In the 
sidelobe region, sources will be illuminated a large part of the total time, and will be 
considered not to provide a reduced duty cycle. A method is given below for calculating 
the approximate total duty cycle for multiple sources in both the main beam (directive) and 
sidelobe regions, thus, taking care of the first two limitations . The third limitation will 
not be considered, except in discussing a particular case as an example. 

The fourth and fifth limitations are included to complete the applicable qualifications 
of the graphical results. These limitations have been stated or implied elsewhere in this 
report. They do, however, affect the agreement to be expected between predicted regions 
of interference and results which have been obtained experimentally. Reasonable agree­
ment between the graphical results and experimental data has been obtained (see 
Appendix G). The data of an OpDevFor operational test are compared, below, with 
predictions made from the graphical results as further evidence of the type of agreement 
to be expected. This comparison also serves the purpose of introducing other factors 
involved in the evaluation of the effects of interference in practical situations. 

The effective equipment separations can be obtained if the effective antenna gain 
(making allowance for losses), Gover a half-wave dipole, is known. Gain in an antenna 
increases the effective area to received energy, resulting in either greater range or, for 
the same range, greater received signal levels. In relation to the graphical results, the 
gain of the antenna causes a given result to be obtained at a smaller equipment separation. 

*Limitation affects links lA and ZA and, in some cases, 7A and 8A. It also applies, as 
shown below, to other links as an indirect effect, when the triggering of transponders 
results in fruit (unsynchr onized replies) on responsor displ ays. 
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A range correction factor R is taken to be the range ratio, <idir/dx/2 where <idir is the 
range obtained with a directional antenna and dx/2 is that obtained with a half-wave dipole. 
From the beacon range equation, R is proportional to YG. Two situations present them­
selves in which corrections for antenna gain are required: (a) a given physical separation 
is known and (b) a certain received power level, established by the choice of separations , 
is given. In the first case , the same power level is received by the antenna with effective 
gain G at a lesser separation; the correction is 1/R times the physical range . Results 
for the indicated* range closest to the corrected range can be used, or the results can be 
interpolated. In the second case , the received power level is obtained at a greater range 
with the antenna of effective gain G; the correction is R times the indicated* separation. 
A scale has been provided for the appropriate links for making these corrections (see 
Figs. 6 and 7). 

By dividing the coverage obtained with directional antennas into a directive region 
and a sidelobe region, the problem of obtaining corrections for the indicated* duty cycle 
is simplified. The directive region is defined, for simplicity, as being between dhor 
( the distance to the radio horizon) and ds ( the maximum distance of the side lobe region). 
Of course, in duty cycle considerations , time intervals are assumed to be large compared 
with antenna rotational periods. (For rotation rates greater than 6 rpm, this period is 
less than 10 seconds.) 

In the directive r egion (R)d sources will cause interference when they are illuminated 
by the receptor's directive antenna. The illumination time in each revolution is B/6w 
seconds, where B is the half-power beamwidth in degrees, and w is the rotational rate 
in rpm, and the source is illuminated w/60 times per second. Hence, sources in the 
directive region are illuminated B/360 seconds, each second. However, this is true only 
for the range at which the half-power beamwidth B occurs. For shorter ranges, the 
beam is broadened, as shown (approximately) in Fig. 12. In an ideal rectangular antenna 
it is found (7) that the beamwidth doubles at ranges corresponding to levels between 10 and 
20 db below peak. Thus, 

~ < duty cycle correction < 2B (d < d < d ) 
360 - in (R)d - 360 hor - - s 

may be used to approximate the effect of variation in beamwidth with range in the directive 
region. 

In the sidelobe region (R)s of antenna coverage, sources will be illuminated almost 
continuously ; hence, the indicated duty cycle need not be corrected. 

The range correction factor R must be applied in both regions, (R)d and (R)s, to 
obtain the effective equipment separation. In (R)d, the effective gain G is the nominal 
gain with respect to a half-wave dipole G', reduced by 3 db for adjustment of the pattern 
to cause B to occur at dhor (see Fig. 12), and reduced by representative losses L (e.g., 
feeder) or 

G=G' -3 - L, 

*That value given in the graphica'.l results, 
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where all quantities are expressed in db. The sidelobe level S is usually given with 
reference to G', the peak of the main beam; or in a practical system, with reference to 
G 

1 
- L. Hence the sidelobe maximum G8 occurs at a level G ± 3 - S or 

Gs= G - (S-3). 

The range ratio for region (R)d can be written as 

dhor R=--
dx/2 

for effective gain G, where dx;2 is the indicated separation; and for region (R)s as 

for effective gain Gs. 

HALF-POWER 

R=~ 
dx/2 

BEAMWI DTH, B- 6° 10 ° 20° 30° 

DHOR EFFECTIVE SIDELOBE LEVEi 
R ~ 7is -RANGE RATIO • (S-3)-DB BELOW PEAK 

', '\ '\ '~ '; '~\ + I -ip -;• I -/ 
\ \ \ \ SIDELOBE // / / / / / 
\ \ \ REGION (Rls 

\ \ \ ..._ ---/ / I I I 
\ '- '------- / / / I 
" '--- '---- -- - / / / 

'--- --- - - __,,,,,. / ....__ / 

-----
Fig. 12 - Approximate coverage for various beamwidths 

and sidelobe levels 
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The relative relationship of the two antenna regions is shown in Fig. 12. The regions 
(R)d and (R)s can be related quantitatively if it is assumed that the half-power beamwidth 
occurs at the radio horizon, dhor· If the antenna sidelobe level with respect to the maxi­
mum of the main beam is S(db), the sidelobe coverage distance ds can be determined in 
terms of the distance ratio, dhor/ds, 

(
dhor)

2 

(S -3) db= -20 log ~ 

The effect of various sidelobe levels (S - 3) is shown in Fig. 12. Values of ds are given 
in Table 3 for various values of both dhor and (S - 3) considered likely in the operation 
of the IFF system. Included in Table 3 are values of ds for each of the individual inter­
ference links. 

Thus, effective equipment separations are obtained by making corrections for the 
effective gain. In (R)d, G is used, and in (R)s, Gs is used. 

In applying the above corrections for duty cycle and the equipment separation, the 
duty cycle to be corrected must be known. To obtain the duty cycle the specific situa­
tion must be analyzed into the links which are expected to contribute interference. The 
schematic representation of Fig. 1 provides a basis for systematically determining the 
interference contributed on each of the simple links and for general cases, the effects to 
be expected when there are multiple sources and multiple receptors of interference. The 
nine simple links can be represented by two pairs of general cases; one pair has the 
TS/GB as a source, and the other, the TDME. In Fig. 13 the four general cases are 
shown. One pair applies to the case of interference between multiple Tacan sources and 
multiple responsors; the other pair to interference between multiple transpondors and 
responsors. 

The first pair of general cases (links lA and 7 A and links 2A and 8A, Fig. 13) indicates 
the division of the responsor coverage into the directive and sidelobe regions. In this 
pair, which depicts the situation expected at the ith interrogator-responsor, the number 
of sources simultaneously in the beam, in the directive region, is designated as ndi (for 
TS/GB sources) or n~u (for TDME sources). The locations of sources are shown by 
an X; and, of r~ceptors, by an O. For simplicity only a single X is shown in each of 
the two coverage regions of the responsor antenna. In the sidelobe region, the number 
of sources is designated as nsi (for T S/G B sources) and nsi (for TDME sources). An 
attempt has been made to indicate the relative differences in magnitudes of the duty cycle 
contributed in each region by the thickness of the arrow. The approximate values of the 
total interference in each region are given. On either link; the total duty cycle is given 
in terms of two limiting values: (a) the lower limit, which is determined from the number 
of sources within the sidelobe region (it is expected that there may be some areas in the 
directive region in which there are no sources), and (b) the upper limit, which approxi­
mately is given by the sum of the effects: those in the sidelobe region and those in the 
directive region having the greatest density of sources. The interference level should 
fluctuate between these two limits as the responsor antenna rotates. 

In the second pair of general cases, links 3A, 5A, 9A involve T S/G B sources, and 
links 4A, 6A involve TDME sources. In these cases, however, two distinct effects are 
possible: a direct and an indirect effect. First of all, the primary or direct receptor of 
the interference is a transponder (either A TPR or S/G TPR). The affected transponders 
may be receiving interfering signals only, or they be triggered by the interference. In the 
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TABLE 3 
Distances to Radio Horizon and to Maximum Range of Sidelobe Cover age 

Maximum Sidelobe Coverage 
Distance ds (naut mi) 

Antenna Height Radio at Sidelobe Levels of 
(feet) Horizon 

• dhor*' 20db 25db 30db 35db 
(naut mi) 

hl h2 corresponding to Range Ratios of 

10.0 17. 7 31.6 56.2 

10 10 7.7 0.8 0.4 0.2 0.1 
33 33 14.1 1.4 0.8 0.4 0.3 

150 150 30.1 3.0 1. 7 0.9 0.5 
150 300 36.3 3.6 2.0 1.1 0.7 
300 300 42.5 4.3 2.3 1.3 0.8 

10 1,000 42 .6 4.2 2.4 1.3 0.8 
5,000 90.6 9.0 5.1 2.8 1.6 

10,000 126.5 12. 7 7.0 3.9 2.3 
50,000 278.2 27.8 15.6 8.6 5.0 

33 1,000 42 .8 4. 2 2.4 1.3 0.8 
5,000 93 .8 9.3 5.3 2.9 1.6 

10,000 129.7 13.0 7.2 4.0 2.3 
50,000 281.4 28 . 1 15.8 8.7 5.1 

150 1,000 53.8 5.3 3.0 1. 7 0.9 
5,000 101.8 10.1 5.7 3.2 1.8 

10,000 137.7 13 .8 7.7 4.2 2.5 
50,000 289.4 28.9 16. 2 9.0 5.2 

300 1,000 60.1 6.0 3.4 1.8 1.0 
5,000 108 .0 10.8 6. 0 3.3 1.9 

10,000 144.0 14.4 8.0 4.4 2.6 
50,000 295.6 29.5 16.6 9.1 5. 3 

1,000 1,000 77.6 7.7 4.3 2.4 1. 4 
5,000 125.5 12. 6 7.0 3.9 2.3 

10,000 161.5 16. 2 9. 0 5.0 2.9 
50,000 131.1 31.3 17.5 9.7 5.6 

5,000 5,000 173.5 17.4 9. 7 5.4 3.1 
10,000 209.4 20.9 11. 7 6.5 3.8 
50,000 361.1 36. 1 20.2 11.2 6. 5 

10,000 10,000 245.1 24.5 13.7 7.6 4.4 
50,000 397.0 39.7 22.2 12.3 7.1 

50,000 50,000 548.7 54.9 30.7 17.0 9.9 

*dhor (n mi) = 1.227 (y'ni'{IT) + yh2(ft) ) 

tRange ratio = maximtun range 
s1delobe range 

dhor 
or d = - ---,-­

s range ratio 
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Applicable 
Interference Remarks 

Link 

1 surface/ground by 
surface ground 

5 

2 air by surface/ground 
3 
6 or 
7 surface/ ground by air · 9 

4 air by air 
8 
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former event, only the transponder operation is affected; whereas, in the latter event, 
the responsors in the area also may be affected. Thus, this pair of general cases involves 
not only the number of sources and transponders, but also the number of responsors; in 
fact, the first pair of general cases must be considered as the secondary or indirect 
effect. In Fig. 13, the situation in which the transponders only are affected is described 
briefly as "garbling" of interrogations; and the situation in which transponders are 
triggered is described as "fruit and reduced traffic capacity." The approximate expressions 
for the total duty cycle (lower and upper limits) are given in Fig. 13 for both situations. For 
this pair of general cases, it is necessary to determine the number of transponders either 
garbled or triggered. Those which are garbled affect the overall responsor situation 
somewhat differently from those which are triggered; the numbers may be different in 
both cases. In any event, the total effects are dependent upon both the density of sources 
and the density of transponders . 

To obtain quantitative results, Fig. 14 has been drawn as an aid in calculating duty 
cycle. The determination of any component duty cycle (a component represents one of 
the four general cases shown in Fig. 13) requires only that CD the responsor beamwidth 
(B) and ® the density of sources be known in order to obtain ® the approximate total 
duty cycle - the numbers refer to the procedural key given in Fig. 14. It is considered 
that for the range of values of duty cycle D shown in Fig. 14, the actual values will not 
differ appreciably from the approximate values. 

ANALYSIS OF AN ACTUAL INTERFERENCE SITUATION 

To illustrate the method of analysis in a relatively simple, actual situation, use is 
made of data given in Ref. 3. Since the results obtained using the Atlantic City test data (3) 
are essentially qualitative, no quantative comparison can be made in terms of predicted 
duty cycle . Instead, the areas of agreement, and disagreement, regarding the interference 
regions (i. e . , channels affected) will be discussed. The geographic test situation is shown 
in Fig. 15. The results available from Ref. 3 are given only for the responsors located 
at Atlantic City. The data was taken by means of systematic switching of equipment; the 
sketches shown in Fig. 16 show the applicable conditions in terms of the nomenclature of 
Fig. 13. In Fig . 16, a geographic and a vector schematic are given for each applicable 
interference link: links lA through 6A. The geographic schematic shows the equipments 
involved in the interference fo r each link. In cases involving flights of aircraft, two 
distinct situations can be expected: (a) the aircraft are either on or over the station and 
it is a s sumed that the climb to the operating altitude (30,000 feet) takes place within (R)s* 
and (b) the aircraft are in fl ight (four aircraft in close formation) at the operating altitude. 
The schematic vector diagrams have been drawn to indicate, by the thickness of the 
arrows, the relative magnitudes of the duty cycle for each component contributing to the 
total interference on each link. 

'~Whil e t w o S/G I-R we r e inv olve d, the g e ographic s ituati on fo r only one is shown, the 
inte rfe r e nce for the othe r is not e x pected to b e much diffe rent. 
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Following is a comparison of reported results (3) and predicted results. The OpDevFor 
resultst (qualitative) , quoted verbatim, have been separated as they apply to each of the 
links, as far as it is possible to do so. No attempt was made to include the effects of the 
Webster Field installation in the predictions. For ease of comparison, the six links ar e 
considered separately. It should be noted that in these OpDevFor tests , " ... the primary 
purpose of Task SIX was to determine operational characteristics. For this purpose the 
two main criteria wer e the appearance of interference to the !FF equipment as shown on 
the PP! picture and any interference to the !FF system causing loss of !FF response (3). " 
Furthermore, spurious responses should have been minimized by the location of the Tacan 
and !FF antennas on the aircraft (5) . Table 4 and Fig. 17 are included to summarize the 
compar ison . 
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Fig. 17 - Summary of experimental and predicted results -- Atlantic City 
t'ests, October 1955 

tTests were performed using the following Tacan channels: 1-18, 23, 46, 49, 52, 54, 
56-76, 80, 83, 86 , 107, 110, 112, 117, 120, 122-124, 126. 
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LINK lA: T S/G B - S/G I-R 
(See Figs. 6 and 16 and Table 4) 

Experimental Results of OpDevFor (3) 

"In the area of Tacan channels 115 to 
126 the URN-3 signals fed into the receiver 
image passband of the UPX-1. In theGCI 
station the signals were received equally 
as well with the UPX-1 antenna discon­
nected and a dummy antenna installed. It 
is believed that this was due in a large 
part to the pickup of the URN-3 signal on 
the power cables and in the UPX-1 itself 
in the wooden GCI building. On the FPS-8 
located850feet away from the URN-3 the 
interference was noted for 360° on channel 
122 but disappeared when the antenna was 
removed. In the GCI station however the 
interference to the IFF completely blocked 
the scope and no IFF targets were seen. 
When SIF was us e d how eve r the SIF 
equipped aircraft appeared normally and 
the URN-3 interference did not appear . 
When using codes 10 and 14 on any mode 
the north reference pulses of the URN-3 
signal decoded as a string of eleven dots 
in a radial line covering a total of 28 miles. 
On code 41 the 40 degree reference pulses 
decoded as strings of ten radial dots cov­
ering ten miles. These decodes were 
spaced about the scope and did not gen­
erally mask the SIF targets. There were 
some other codes that "decoded" the ref­
erence pulses to a lesser degree. It was 
noted that on channels near 122 where the 
interference was strongest the range of 
the SIF targets was reduced. Normally 
they were received dependably to about 
160 miles on SIF ("DECODE" on the 
UPA-24 control box) and to 210 miles on 
raw IFF video (the "CODE" position of the 
control box). With this interference on 
channels near 122 the range of dependable 
SIF response was reduced to about 100 
miles. In the final week of ground tests 
a notch filter designed by BROWN & SHARP 
for the Bureau of Ships was tested. This 
filter effectively eliminated the URN -3 
interference to the UPX-1 at the FPS-8 
site 850 feet away. When the URN -3 was 
moved away from the GCI site this filter 
eliminated the interference at the GCI site 
also. The filter did not seem to reduce 
the range of the IFF-SIF materially. 

Predicted Results 

There is general agreement, as 
shown in Table 4, between the experimen­
tal and predicted results. It is to be 
expected that the predicted region should 
yield a region of greater effect; the effec­
tive power output of T S/G B (see Fig. 5, 
EXP. AN/URN-3) is lower than that for 
which the graphical results were obtained. 
In addition, the responsor sensitivity was 
reported to have been reduced. These two 
effects account for a part of the discrep­
ancy. Without detailed information on the 
actual performance of the responsor (e.g., 
actual sensitivity, bandwidth, center fre ­
quency, and image rejection) no further 
attempt can be made to resolve the dif­
ference between the experimental and 
predicted results. The agreement obtain­
ed appears to be reasonable. It should, 
therefore, be inferred that the predicted 
results can be expected when Tacan equip­
ments havingthe assumed characteristics 
are produced and as more S/G I-R equip­
ments become involved. It should be noted 
that the OpDevFor At 1 antic City tests 
represent measurements involving essen­
tially twelve AN/ APX-6B (ATPR), twelve 
AN/ARN-21 (TDME), a single beacon 
(TS/GB), and a single responsor (S/G I-R). 

The predicted values are made on the 
assumption that radi::tted and conducted 
noise (see Appendix A) are not serious 
problems. The reported experimental 
results show that this is not true. 

It should be noted that, while use of 
the SIF decoder gave a "clean" picture, 
the effect of the interference on the 
decorder' s ability to decode in the presence 
of interference was not measured quanti­
tatively. Such a (theoretical) determina­
tion of the effect of interference on decoder 
efficiency, w hi 1 e necessary, is beyond 
the scope of this report. 
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LINK 2A: TOME - S/G 1-R 
(See Figs. 7 and 16 and Table 4) 

"In the area of TA CAN channels 63-69, 
where the ARN-21 interrogating pulses 
would be expected to be received directly 
into the receiver channel of the UPX-1, 
interference was found. The interference 
was of nearly equal intensity on TACAN 
channels 65, 66, and 67. When the aircraft 
were over the fie 1 d or on the field the 
ARN-21 pulse pairs produced moderate 
interference all around the scope. When 
they were out on a bearing the interference 
produced was restricted to a small sector. 
In all cases the ARN-21 interference was 
so light compared with th e random IFF 
responses of the same aircraft triggered 
by other IFF interrogators that the TACAN 
interference could not be seen unless the 
APX-6B's in the aircraft were turned off. 
As afurther measure ofthis interference, 
the MRN-16/URN-3 was set up on channel 
65 and this TACAN channel was used for 
the operational tests run during the final 
week of flights. 

There is general agreement between 
the experimental and predicted results. 
No specific information is available on the 
minimum equipment separation (between 
TOME and S/G I-R) which occurred during 
the flight tests. Had such data been avail­
able, a better check would have been possi­
ble. The predicted region of interference 
for this link is based on the assumption 
that a separation of 1000 feet is the closest 
approach of aircraft (TOME) on either 
takeoff or landing to the re sponsor antenna. 
Such int e r f er enc e occurs within the 
responsor sidelobe region and its deter­
mination is dependent upon the antenna 
characteristics. A comparison of the 
magnitude of the component duty cycle for 
this link and for link lA shows that it is 
to be expected that the interference should 
have been " moderate ." 

By comparison, the interference to 
have been expected from the aircraft 
(TOME) in "flight, " i.e., in the directive 
region, should have been much less than 
that observed when the aircraft were "on or 
over the station ," i. e . , in the sidelobe 
region. The presence of interference in 
the di r e ct iv e region might easily have 
gone undetected. Perhaps, the reported 
interference in the directive region was 
actually obs e r v e d on the fringes of the 
sidelobe region. The presence of inter­
ference (experimentally) on this link may 
b e c on s i d e r e d a me a s u r e of the 
"sensitivity" of the IFF system to Tacan 
interference (as measured in terms of 
duty cycle) ; see a 1 so the discussion of 
link 4A, below. 
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LINK 3A: TS/GB - ATPR - S/G I-R 
(See Figs. 8 and 16 and Table 4) 

There is no mention in the experimen­
tal res ult s of interference having been 
observed on this link; perhaps the switch­
ing system used did not allow for specific 
tests on this link (but this is not definitely 
known). It was not possible during the 
OpDevFor t e st s to determine if signals 
were being received by the ATPR, since 
this could only have been measured using 
a recorder. 

Had there occurred interference on 
this link which caused triggering of the 
ATPR (from a single T S/G B), there 
should have been a noticeable increase in 
the interference as the close formation of 
aircraft was opened. Such a c h an g e in 
formation should have increased the num­
ber of interference p u 1 s es present and, 
hence, should have caused somewhat more 
obscurity of the display (PPI). The effects 
of interference on this link are a function 
of range (separation) and the greatest 
effects in terms of the number of channels 
causing interference should have been 
observed while the aircraft were close to 
the station. 

While, in Fig. 16, it is indicated that 
the effects on link lA can be expected to 
occur simultaneously with effects on link 
3A, this merely serves as a warning in 
case such effects can occur on the channels 
for link 3A. A comparison of Table 4 
entries for the predicted regions of links 
lA and 3A indicates that these two effects 
should not be expected to occur simulta­
neously, f o r th e experimental situation 
being considered. 
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LINK 4A: TOME - ATPR - S/G I-R 
(See Figs. 9 and 16 and Table 4) 

"In the area of TACAN channels 1-18, 
and especially on ch an n e 1 6, where the 
ARN-21 radio frequency energy present at 
a continuous 1 e v e 1 could be expected to 
cause partial blocking of the APX-6B re­
ceiver, no interference was found even 
at a range of 230 miles. A check flight 
was run on channel 6 where the aircraft 
were flown in pairs so that the IFF antenna 
of one was approximately ten feet from 
the TACANantenna of the other. No effect 
was noted. Additional flights were run on 
channels 6 and 23 with the suppressor 
c o n n e c t i o n s from th e ARN- 21 to the 
APX-6B disconnected. No change in the 
triggering rate of the APX-6 was noted 
nor was the range reduced. It should be 
noted however that the antenna installation 
of the F9 F-8 is nearly the optimum to keep 
the ARN-21 from interfering with the 
APX-6. 

The magnitude of the duty cycle as 
seen from Table 4 suggests that it might 
have been difficult to detect the presence 
of interference on this link. Only an in­
crease in the number of aircraft flown in 
the same close formation could have been 
counted upon to improve the detectability. 
Of course, the interference on this link 
might be less than that predicted because 
of shielding of the air c raft structures; 
this may not be the case for aircraft with 
other types of antenna installations. Cer­
tainly it is not surprising that the inter­
ference caused by a single TOME (even 
for ~ = 0.10%) was not detected. 

Note that from Table 4, the direct 
link (2A) between the TOME and the S/G 
I-R should have introduced no interference 
(which could have been observed in the 
experiment) in the region of the channels 
on which interference is actually predicted 
for link 4A. 

LINK 5A: T S/G B - S/G TPR - S/G I-R 
(See Figs. 10 and 16 and Table 4) 

"In the area of TACAN channels 52-
63, where the URN-3 might be expected to 
trigger or b 1 o ck the UPX-5 IFF ground 
transponder, the on 1 y effect noted was a 
reduction of the UPX-5 receiver sensi­
tivity. Representative values were: down 
6 db on channel 63, 3.3 db on 59, 1 db on 
52, and none on 49. The UPX-5 was not 
triggered by the URN-3." 

The predicted region did not include 
consideration of the effect of a reduction 
in transponder triggering level. Of course, 
the proximity of the T S/G B and the S/G 
TPR antennas and their relative locations 
should have placed the path of the trans­
mitted energy below the path of maximum 
energy. Naturally, a reduction of interfer­
ence effects by s u c h installation means 
are desirable, and it would be advantageous 
to design installations on this basis. 

Evidence is available from the operat­
ing fleet (8) which establishes that S/G 
TPR equipments are being triggered by 
TS/GB. The particular experience(8) 
revealed that triggering occurred with the 
T S/G B set on channel 55 and that a 
16-Mc separation (i.e., to channel 39)was 
required to prevent triggering. Without 
details regarding the state of equipment 
performance or the antenna installations, 
this experience confirms the predicted 
interference region. 
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LINK 6A: TOME - S/G TPR - S/G 1-R 
(See Figs. 11 and 16 and Table 4) 

This situation is somewhat compar­
able with that of link 4A except that in this 
case the interference should have been 
observable, i.e., at the same level as 
link 2A. As in the case of link 4A, the 
predicted region of interference is depend­
ent upon the equipment separation, which 
is not known. It is possible that the duty 
cycle of predicted interference is too great 
by virtue of possible shielding of some of 
the sources as a result of close formation 
flying. When on or over the station, shield­
ing of the antennas may have occurred as 
a result of maneuvers of the aircraft dur­
ing climb, descent, or bank . Such shield­
ing effects might have reduced both the 
number of sources seen by the S/G TPR 
and the time during which the interference 
was observable. Other TOME antenna 
installations might have produced quite 
different results. 

The foregoing example illustrates an approach which leads to a systematic analysis 
of the effects of interference in a particular situation; there is fair agreement between 
predicted and actual results. The approach is general and can be used to evaluate the 
effects in any actual situation. However, in the above example, only effects on individual 
links were considered; this completed the analysis because of the switching procedure 
used in obtaining the data. In general, although actual situations will be complex, they 
can be described in terms of the links involved. The effect of interference, then, will be 
obtained by considering all effects which can be expected to occur simultaneously (see, 
for example, the compound links shown in Fig. 1). 

In any specific situation to be investigated, a map geographically locating the equip­
ments involved (similar to Fig. 15) should be drawn. From such a map, geographical 
and duty cycle schematics should be constructed (Fig. 16). In the geographical schematics 
it should be possible to replace individual sources of interference by a density of a type 
of sources; the duty cycle schematic is then based on the density of sources expected, and 
the duty cycle (vector width) is obtained with the aid of Fig. 14. The results obtained for 
each simultaneously active link can be presented together (Fig. 17), from which overall 
effects can be derived by combining effects on the individual links. In combining the duty 
cycle of signals present on the simultaneously active links, it is permissible to use values 
obtained directly from Fig. 14 for each link; these values can be added arithmetically to 
obtain a total duty cycle for specific channels. After the total duty cycle is obtained, a 
correction factor can be applied to the result (from Fig. 18) to account for signals which 
overlap, and which, therefore, do not contributed independently to the duty cycle.* 

*Figure 18 was obtained by considering the signals causing the interference to occur at 
random at the receptor input. Thus , the law of repeated trials can be applied to calculate 
the percentage of time signals are present. An effective number of signals ·is obtained 
by dividing the time during which signals are present by the duration of an interfering 
signal (all Tacan signals have the same duration). The ratio of the effective number of 
signals to the total number of signals is the correction factor . 
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Fig. 18 - Total duty cycle 
cor;rection factor 
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APPENDIX A 
Interference Problems 

Electronic equipment used in aircraft, shipboard, and surface installations must be 
capable of operating in proximity to other electronic equipment. Under such conditions 
of operation mutual interference between equipments may exist. In general, the causes 
of such interference are: (a) direct propagation (and reflections thereof) between the 
antennas of the equipments involved, (b) direct radiation of energy between equipments 
installed physically in the same locality, and (c) conduction through common intercon­
necting cabling (e.g., power leads, ground leads). 

The source of interference may be an equipment operated either close to or widely 
separated from the equipment affected. In the general case of equipments which must be 
installed and operated in close proximity, all three causes of interference may be 
found to exist to some extent (Fig. Ala). In the case where equipments are isolated 
geographically, interference should be expected only from the normal transmission& of 
particular equipments, reflections thereof, and spurious signals which cannot be suppressed 
(Fig. AlB). 

(a) - A general case of equipments in close 
proximity 

UNIT A 

(REFLECTED PATHS) 

PROPAGATION PATH --­
(DIRECT) 

GEOGRAPHICAL SEPARATION UNIT B 

(b) - A general case of equipments isolated 
geographically 

Fig. Al - Some possible sources of mutual interference between units or equipments 

Since the problem of mutual interference between equipments is very general, for 
the specific case of interference between equipments which are part of the Mark X IFF 
and Tacan systems, a division can be made on the basis of the system function of equip­
ments into interrogator-responsors (1-R) and transponders (TPR) of either system as 
sources and/or receptors of interference. Furthermore it is necessary to consider that 
direct-path propagated interference can occur on the following paths or links between the 
affected equipment or receptor (listed first) and the source or cause of interference 
(listed second): 

1. surface/ground by surface/ground, 
2. surface/ground by air, 
3. air by surface/ground, 
4. air by air. 

40 
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In addition, since the problem concerns mutual interference between two systems each 
having interrogator-responsors and transponders or beacons, an equipment of either kind 
in one system may be a source which affects equipment of either kind in the other system. 
Some possible interference links are shown in Fig. 1, which identifies the links by num­
bers and the specific equipments involved by each system. In each link, interference . 
shown by line A represents the case in which a Tacan equipment is the source; and line B, 
the case in which an IFF equipment is the source. 

Link lA represents interference to the IFF surface/ground interrogator-responsor 
(S/G I-R) caused by the Tacan surface/ground beacon (T S/G B); link lB, the interference 
to the T S/G B by the IFF S/G I-R. On link lA, for an interference duty cycle of 2. 5% 
(for single equipments), responsor sensitivity may be reduced with the consequence of a 
reduced service area, transponder reply codes may be garbled to the extent that proper 
codes are rejected and wrong codes accepted, and the fruit or unsynchronized reply rate 
may be increased to reduce the readability of IFF and radar displays. On link lB, for 
an interference duty cycle (for single equipments) of up to 0. 08%, in addition to possible 
reduction in service area ( caused by a reduction in receiver sensitivity) interrogations 
for distance measurement may be garbled, thereby reducing the beacon replies available 
for display by the responsor; the distance indication may be affected and the interrogator 
caused to be in the SEARCH mode more often. 

Link 2A represents interference to the IFF S/G I-R from the Tacan airborne 
interrogator-responsor (TDME) used as distance measurement equipment and for receiv­
ing Tacan beacon transmissions for continuous bearing data; link 2B represents interfer­
ence to the TDME by the S/G I-R. The effects of interference in link 2A are the same as 
those on link lA except that the interference duty cycle (of single equipments) will be 
between 0. 02 and 0. 1%. Interference on link 2B, at a duty cycle (for single equipments) 
of up to 0. 08%, in addition to possible reduction in receiver sensitivity (service area), 
may result in a loss of azimuth and/or range information or errors in either or both. 

Link 3A represents interference to the IFF airborne transponder (A TPR) from lhe 
T S/G B; link 3B represents interference to the T S/G B from the A TPR. Interference 
on link 3A, at a duty cycle (for single equipments) of 2. 5%, will introduce extraneous 
signals which may (a) reduce the minimum triggering level (service area), (b) cause 
garbling of interrogations, and/or (c) cause the A TPR to reply. Effect (b), to the IFF 
system, causes a reduction in the number of replies from a given A TPR thus degrading 
the responsor display; and effect (c) causes a reduction in traffic capacity, introducing 
fruit ( unsynchronized replies) into the responsor display. Interference on link 3B, at a 
duty cycle (for single equipments) of up to 0. 3% or, in emergencies, as much as 0. 6%, * 
should cause effects similar to those of link lB. 

Link 4A represents interference to the IFF A TPR from TDME; link 4B, interference 
to the TDME from the IFF A TPR. Interference on link 4A is expected to be similar to 
that on link 3A but at a duty cycle (for single equipments) between 0.02% and 0.1%. Inter­
ference on link 4B is expected to be similar to that on link 2B, but at a duty cycle (for 
single equipments) up to 0. 3%, or, in emergencies, as much as 0. 6%. * 

~'For situations in which the !FF system is being used at 'its greatest capabilities. 
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The four links which have just been described qualitatively indicate the effects to be 

expected. However, these four links are not the only ones. Other simple linkages are 
possible involving the IFF surface,.{ground transponder (S/G TPR) and the IFF airborne 
interrogator-responsor (A 1-R) equipments. These additional simple mutual situations 
are shown as links 6 through 8 in Fig. 1. Link 9 (Fig. 1) is a combination of links, an 
additional possibility which can occur when link 3 exists. Other composite linkages are 
possible (Fig. 1): (a) the links likely to be involved when Tacan airborne equipment 
(TDME) is transmitting in the environment of both airborne and surface/ground IFF equip­
ments, (b) the links involved when both airborne and surface/ground Tacan equipments 
are transmitting and only IFF surface/ground equipments are involved, (c) the case involv­
ing all simple linkages and all types of equipments of both systems. In each case, the 
total effects of the interference can be deduced from the descriptions given for the first 
four links. 

* * * 
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APPENDIX B 
Estimate of the Overall Tolerances for Parameters 

of the Mark X !FF System 

The parameters required in evaluating the extent to which the Mark X !FF system is 
affected by interference from the Tacan system are: receiver (responsor) sensitivity or 
transponder minimum triggering level (MTL), receiver center frequency, receiver overall 
bandwidth, and transmitter power output. Each parameter is subject to variations which 
occur either in production or while the equipments operate under changing ambient con­
ditions. The variations in each parameter obtained from a sample of production test data 
of an S/G I-R (AN/TPX-17)* are given in Appendix C. An estimate of the operational 
variations likely to be encountered in using the equipments of the !FF system was obtained 
by analyzing acceptability test data for an S/G I-R (AN/UPX-lA} and an S/G TPR (AN/UPX-5) 
(Appendix D). The results of Appendixes C and Dare summarized in Table Bl 

TABLE Bl 
Summary of Estimated Tolerances, Mark X !FF System 

Type of Receiver Receiver Receiver Transmitter 
Equipment Sensitivity Center , Overall Power Tolerance (db} Frequency (Mc) Bandwidth (Mc) Output (db} 

Interrogator- Production ±5.0 ±6 .5 ±3 .7 ±3.9 

Re sponsor Operational ±8. 1 - - ±2.6 

Transponder Production - - - -
Operational ±8.5 ±3.8 ±3.0 ±2.7 

To obtain the overall tolerances, production and operational effects must be combined. 
Since the data do not include both effects for S/G I-R and S/G TPR equipments, estimates 
are made by assuming that the data available for one type of equipment (e.g., I-R) are 
applicable as an order of magnitude to the other type of equipment (i.e., TPR). The pro­
duction and operational effects can be combined in many ways, but two limiting values 
are obtained if the two effects are considered on the one hand to be independent, and, on the 
other hand, dependent. In the former case, the resultant is obtained as a statistical sum; 
in the latter, as an arithmetic sum. The overall tolerance will be between these two 
limiting values. Both limits are given in Table 2; the lower limit is obtained from the 
statistical sum (tabulated as ±30-), and the upper limit, from the arithmetic sum of the 
two effects. The relation between the two limits is shown in Fig. Bl where the lower 
limit is represented by the extremities (±3a} of the normal curve and the upper limit is 
represented by the ends of the rectangular distribution (indicated as MAX}. 

*The AN/TPX-17 is a specially packaged AN/UPX-1 type of equipment. 
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INTERROGATOR-
RE SPONSOR 
SENSITIVITY 

(DB)-12 -8 -4 

TRANSPONDER 
MINIMUM TRIG­
GERING LEVEL 

MEAN 

(DB)-12 -8 -4 MEAN 

I P=0.67.,. 

3.,. 

I 

4 8 

4 8 

RECEIVER 
CENTER 
FREQUENCY 

- 12 -8 

MAX. 

MAX. 

I 
12 -8 -4 

MAX. 

12 

3.,. MAX. 

-4 MEAN 4 8 12(MC) 

MEAN 4 

Fig. Bl - The relation between the probable range (±p = 0.67 a about the 
mean), the statistical range (±3a about the mean), and the maximum 
range. The rectangular distribution represents the same area contained 
between the limits ±3CT under the normal curve. 
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APPENDIX C 
Calculation of Production Tolerances 

The production tolerances of several parameters must be known, or it must be pos­
sible to approximate them, in order to estimate magnitudes of the overall system toler­
ances for each parameter. For the IFF system, the results of tests made during a 
production run of AN/TPX-17 equipments (data obtained for BuShips Contract NObsr 
57496) were analyzed. Pertinent results (sample of a production lot) are summarized in 
the histograms shown in Fig. Cl for receiver sensitivity, receiver center frequency, 
receiver bandwidths (-6 db and -40 db with respect to peak response), and transmitter 
power output. For each histogram both the average and standard deviation have been 
calculated; for convenience the range of each variation is given in units of the standard 
deviation (a scale at top). 

From the histograms it can be seen that nearly all values for each parameter are 
included between the limits ±3a about the average value. Hence, the limits ±3a are used 
to represent the production variation for each parameter. The following values derived 
from the production data are used in this report as estimates of the production variations 
for IFF system equipments. 

MEAN 

Parameter 

receiver sensitivity 

receiver center frequency 

receiver overall bandwidth 

transmitter power output 

2o- -tr I a- 2
1
.- 3cr {UNITS OF STANDARD 

I I I I DEVIATION) 

-90 DBVOC 
-115 DBW 

(a) - Responsor (receiver sensitivity) 

0 
it: 

40 

LL Ill 30 
o::f ::, 

z 
>- I 

~ ~ 20 
wz 
::, l&J 
0 a: 
:i! a: 
LL a 10 

0 
0 

Production Variation 

±4. 8 db 
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{UNITS OF STANDARD 
DEVIATION) 
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(b) - Responsor (receiver ) center frequency 

Fig. Cl - Histograms of production test data 
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* * * 

DECLASSIFIED 

1010 MC 
MEAN= 33 .3DBW 

.,. = 1.3DB 
N =85 

1030 MC 
MEAN =31.SDBW 

.,. =0.908 
N = 89 



DECLASSIFIED 

APPENDIX D 
Determination of Operational Variations 

To determine the tolerance to be assigned for the operational variation of the pertinent 
parameters, two sets of available acceptancEttest.data (for AN/UPX-lA, S/G I-R, and 
AN/UPX-5, S/G TPR, equipments) have been analy-z'ed. The discussion of the data follows 
for each of these equipments. 

SURFACE/GROUND INTERROGATOR-RESPONSOR (S/G I-R) 

.' Responsor Sensitivity 

Using the test results for a single equipment* given in Fig. Dl, the causes of oper­
ational variation and their ma.gnitudes are found to be: 

Cause of Range of Variation about Standard 
Variation Mean Deviation Variation (2bi) ( db) (±bi) (db) (axi = bi/¥3) (db) 

Temperature (-50° to +65 °C} 
and Humidity ( to 100% 6 ±3.0 1. 73 
relative) 

Shock and Vibration 5 ±2. 5 1. 44 

Drift (24-hour test) 1 ±0.5 0.29 

Line Voltage and Frequency 5 ±2. 5 1. 44 

If each of the foregoing distributions is assumed to be rectangular having limits of ±bi, 
then the range of total variation is represented by 2bi, or bi is the half range. Following 
Schwartz t the variance becomes 

from which axi may be determined. 

Upon combination, the overall variation should be approximately normally distributed. 
The statistical combination of these variations by the method of Schwartz results in a 
value of ay = 2. 7 db. It is estimated that 99. 7% of the responsors in operation should 
have sensitivities which fall within limits ±8. 1 db (3a) about the mean sensitivity. 

,:'The results of part of the preproduction type test of radar recognition set AN/UPX-lA, 
obtained during July and August 1952 for Bureau of Ships contract NObsr 57039. Power 
output was measured using AN/UPM-6B equipment. 

tL. S. Schwartz, "Statistical Methods in the Design and Development of Electronic 
Systems," NRL Report 3111 (Unclassified), July 1947, p. 25, Eq. (52) 
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Power Output 

On the basis of acceptability test results on a single equipment (Fig. Dl) the following 
causes of variation in output power and their magnitudes were obtained: 

Cause of Range of Variation about Standard 
Variation Mean Deviation 

Variation 
(2bi) ( db) (± bi) (db) (axi = b/t/3) (db) 

Temperature ( -50° to +65 ° C) 
and Humidity (to 100% 1. 7 0.85 0.49 
relative) 

Vibration 1. 4 0.70 0.40 

Shock 0.2 0. 10 0.05 

Drift (24-hour operation) 0 - -

Voltage ( 1) 60 cps 1. 9* 0.95 0.55 
(2) 400 cps 1. 3* 0.65 0. 37 

Duty Cycle 0.7* 0.35 0.20 

~'Average based on 2 equipments - range obtained from Fig. Dl 

Two distinct types of operation of equipment are possible. In one case 60-cps power 
supplies will be used and in the other case, 400-cps power supplies. Calculations have 
been made for both cases, from which it is found that the statistical sum of the individual 
variations is: for 60-cps operation, rry = 0. 86 db, and for 400-cps operation, a.y = 0. 76 db. 

Upon combination of the independent causes, the overall distribution can be expected 
to be nearly normal. Therefore , it is estimated that 99. 7% of the equipments may be 
expected to operate within the transmitter power limits of ±3oy. These limits are, for 
60-cps operation, ±2. 6 db and, for 400-cps operation, ±2. 3 db. 

SURFACE/GROUND TRANSPONDER (S/G TPR) 

Minimum Triggering Level (MTL) 

Some of the acceptability tests performed on a single preproduction model of the 
AN/UPX-5* are summarized in Fig. D2 . These tests differed from those of the S/G 1-R 
(Fig. Dl) in that results of combining several of the variable parameters are available 
(i.e., temperature and humidity, as well as ±10% voltage variation). The causes of vari­
ation may be summarized as follows: 

*Partial results of a preproduction type test for a single radar identification set 
AN/UPX-5, obtained for Bureau of Ships contract NObsr 52038 . 
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Cause of Variation 

Temperature (-50° to +65 °C}} 
Humidity (to 100% relative) 
Voltage (±10%} 

Drift (obtained from approximately 24-hour 
operation during high-temperature test) 

Range of Variation (db} 

15 

2 

By comparison, during the same series of tests, a value for drift of 1. 7 db was 
obtained from a 24-hour test made at room-temperature conditions; this confirms the 
approximate magnitude of the drift component. 

51 

Since only two variations are to be combined, °it is appropriate to take as the resultant 
the arithmetic sum, 17 db (±8. 5 db) to be used as the estimated magnitude of the variation 
in triggering level for transponders operating in the system. 

Transponder Receiver Center Frequency _ 

The acceptability test data gives two distinct causes of variation 

Cause of Variation 

Temperature (-50° to +65 °C) } 
Humidity (to 100% relative) 
Voltage (±10%) 

Drift (obtained from approximately 
24 hours of operation during high­
temperature test) 

Range of Variation (Mc) 

2.5 

1. 3 

Under these circumstances, the procedure is as just described; the arithmetic sum, 
3. 8 Mc, is the estimated magnitude of the variation in the overall system receiver fre­
quency to be expected from operational causes. 

Transponder Receiver Bandwidth 

The acceptability test data give two distinct causes of variation 

Cause of Variation 

Temperature ( -50° to +65 ° C) } 
Humidity (to 100% relative) 
Voltage (±10%) 

Drift (obtained fro~ approximately 
24 hours of operation during high­
temperature test} 

Range of Variation (Mc) 

4 

2 

The arithmetic sum of the twor 6 Mc, is taken as the estimated magnitude of the varia­
tion in bandwidth to be expected operationally in the system. 

DECLASSIFIED 



DECLASSIFIED 

52 NAVAL RESEARCH LABORATORY 

Transponder Power Output 

Examination of the acceptability test results (Fig. D2) shows that data are available 
for two distinct variations (the combined effects of temperature, humidity, and voltage 
variations as well as drift - as deduced from the 24 -hour test). Further test data give 
information on two other causes of variation, duty cycle changes and the effect of stand­
ing waves on the antenna feeder. These variations are summarized as follows together 
with calculated values of the standard deviations obtained by the method of Schwartz. 

Cause of 
Range of Variation about Standard 
Variation Mean Deviation 

Variation 
(2bi) db (± bi) db (axi = bi/1/3) (db) 

Temperature (-50° to +65 °C} 
Humidity (to 100% relative) 2.40 1. 20 0.69 
Voltage (±10%) 

Duty Cycle (500 - 3000 pps) 0.5 - 0.25 0. 14 

VSWR (O. 4 to 3. 5 db) 0.8 0.40 0.23 

Drift (24-hour test) 1. 8 0.90 0.52 

Upon combination of these variations, the distribution should be nearly normal. The 
overall standard deviation which results from the above variations is found to be, 
a = 0. 91 db. Hence, it is estimated that 99. 7% of the transponders in the system will 
operate within power limits, ±2. 7 db, with reference to the mean value. 

* * * 
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APPENDIX E 
Calculations of Overall Frequency Response 

of IFF System Receivers 

The construction of overall frequency response curves of IFF system receivers 
requires a knowledge of responsor sensitivity or transponder triggering level, receiver 
bandwidth and center frequency, as well as their expected variations. Data are available 
from equipment specifications for the nominal values and in Appendix B for estimated 
overall variatio~s for equipments produced for and operating in the IFF system. Further­
more, in Appendix F there is given a method for combining bandwidth and center-frequency 
tolerances or variations. To include the effect of variations in receiver sensitivity (trig­
gering level), it is to be expected that the condition of the best sensitivity (triggering 
level) occurs when bandwidth is a minimum; and poorest sensitivity (triggering level), 
when bandwidth is a maximum. Having described, in Appendix B, each variation st4',~s.--. 
tically in terms of a probable maximum (±3a)* and a maximum (MAX)* value, use is ve 
of these values to obtain a pair of limit frequency response curves. 

It is desired to use the constructed pair of response curves to denote the frequency 
range of interference between a condition of reasonable likelihood and some low-probability 
expectation of occurrence. Such a frequency range is approached if (a) the MAX values 
pf all parameters are used to establish the upper limit or the low-probability expectation, 
and (b) the lower, or reasonable likelihood, limit is obtained by using the most probable 
value for each parameter. The value p corresponds to 0. 67cr for a normal distribution. t 
Thus, in constructing the response curves, values associated with the lower limit will be 

mean ±P; 
and, with the upper limit, 

mean ±MAX, 

Values of these tolerances to be used in the calculations are given in Table El. 

TABLE El 
Tolerances Used in Calculation of Overall 

Frequency Response Curves 

Tolerances 
Parameter 

3a§ p (0.6745a)t MAx§t 

(IR) Responsor Sensitivity (db) 9.5 2. 1 

(TPR) Minimum Triggering Level (db) 9.9 2.2 

Receiver Center Frequency (Mc) 7.5 1. 7 

Receiver Overall Bandpass (Mc) 4.8 1. 1 

Transmitter Power Output (db) 4.7 1. 1 

§From Table 2 
tused in calculation of response curves 

*The r~lation between these two maximum limits is shown in Fig. Bl. 
tHalf the population is included between the limits ±p. 
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In the actual construction of the response curves, since calculations can only be made 
for the bandpass at the points 6 db below peak response, use must be made of available 
experimental data to obtain the remaining portions of the curves. 

PROCEDURE FOR CONSTRUCTING TRANSPONDER 
RESPONSE CURVES 

To obtain the upper limit, use is made of the following values: 

mean MTL = -103 dbw 

feeder loss = 1 db 

to give the effective mean value, MTL = -102 dbw. Hence, values of MTL are given by 
MTL + p ~ MTL ~ MTL + MAX, which with the aid of Table El gives -104 ~ MTL 
< -116 dbw. (TheMTL may be specified in several ways, e.g. , as -80 db below 1 volt , 
open circuit. Figure El is included as a ready means of conversion from one set of units 
to any other. This applies as well to responsor sensitivity . The units, dbw , will be used 
throughout this report.) 

The values of bandwidth ( -6 db with respect to peak response) to be associated with 
the above values of MTL are: Ba - MAX ::; B ~ Ba - p, where the lower bandwidth limit 
is associated with the upper limit of MTL, and the upper bandwidth limit with the lower 
limit of MTL. 

The combination of receiver and bandwidth center-frequency variations (by the method 
of Appenidx F) involves the values p ~ af ~ MAX, since the mean value is zero. The 
lower limit of a f is associated with the upper limit of Ba and the upper limit of a f with 
the lower limit of Ba, 

Using this method, a total frequency variation, af (for a = -110 dbw), about the 
nominal operating frequency of(±) 13 Mc is obtained fo r the maximum value of MTL 
(-116 dbw) . And the frequency variation af is (±) 7 Mc (a = -98 dbw) for the lower MTL 
limit of -104 dbw. These are points on the overall fr equency response curves. 

Further cons truction details of the overall response curves are obtained by using 
available experimental data,* composites of which have been drawn and are shown as 
Figs. E2 and E3. The first of these figures gives the response (at a relatively small 
signal-to-noise ratio) as measured by the presence of interference signals in the trans­
ponder receiver. Interfering signals of somewhat greater level (approximately 25 db) 
cause the transponder to be triggered; Fig. E3 is the composite of experimental response 
data for three equipments. Since the transponders now in use are known to have small 
dynamic ranges (between the minimum detectable or just triggering level and saturation 
or full triggering level), the 25-db difference between the data of Figs. E2 and E3 is 
attributed to the characteristics of the decoder and its associated protective circuits . 
Figures E2 and E3 were used to sketch in the upper and lower portions, respectively, of 
the overall response curves; see Figs. E4 and E5 for a comparison of the derived and 
experimental results. 

*n. T. Latimer, "Investigation of Interference between Mark X IFF and TACAN 
Equipments, " Naval Air Test Center (NANEP) Final Report (Qa t ), August 17 , 1953 
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may be made as follows: 

R (ohms) 

51 
52 
53 .5 

Correction (db) 

0.1 
0.2 
0.3 

The correction should be subtracted if converting from 50 
ohms tc;> R; and added if correcting from R to 50 ohms 
(R >so ohms). 
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Fig. E2 - Composite (experimental) t ransponde r r e ceiver 
response characteristi cs -- received signals. This com­
posite drawing was redrawn for the indicated equipment s 
from data obta i ned by NANEP. The AN/APX-6 (or - 25) 
receiver was tuned through the AN/URN-3 transmitter 
(link 3A), and for a small value of signal-to-noise ratio, the 
response was measured. 
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Fig. E3 - Composite (experimental) transponder t riggering 
level response characteristics. This composit e drawing 
was redrawn for the indicated equ ipments from data obtained 
by NANEP. The AN/APX-6 (or -25) receiver was tuned 
through the AN/URN-3 transmitter (link 3A) . 
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Fig . E4 - Graphical comparison of transponder overall 
(received signal) response curve with experimental data 
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Fig. ES - Graphical comparison of transponder overall 
(triggered) response curve with experimental data 

57 

To complete the construction, the assumption is made that the image response will 
be similar to the direct frequency response but reduced by the amount of the image rejec­
tion. Thus, the direct frequency responses of the A TPR and the S/G TPR are expected 
to be the same, but since the image responses are different (25 and 35 db, respectively) 
the overall responses will differ in this respect. 

The final overall response curves for A TPR and S/G TPR are shown in Fig. 2. For 
each type of transponder, the received signal and triggering cases are shown . 
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It is necessary to consider, also, the response to be expected when the source of 
interference is the airborne Tacan equipment (TOME) . A certain proportion of the equip ­
ments which have been produced at the present time have varying degrees of spur ious 
transmissions. Composite experimental data* are shown in Fig. E6, obtained using the 
AN/URN-3 (T S/G B) as a generator. Again, using the experimental data as a guide, 
modified overall response curves are obtained (Fig. 3, for both A TPRand S/ G TPR). 
For comparison, the experimental data and the overall response curve are shown together 
in Fig. E7. 
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Fig. E6 - Response of transponder AN/APX-6 to 
AN/ ARN-21, Tac an distance measuring equipment 
(experimental) with spurious signals present in trans­
missions. The envelope of available NANEP test data is 
shown for the case of both received signals and for 
triggering. 

A further discussion of these response curves is given in Appendix G, where they 
are used to verify NANEP flight test results. 

CONSTRUCTION OF RESPONSOR OVERALL 
FREQUENCY RESPONSE CURVES 

The procedure for constructing responsor overall frequency response curves is the 
same as that used for the transponder curves; appropr iate toler ances, from Table E l , 
are used. 

For purposes of calculation, the effective mean usable sensitivity, S, is found to be 

mean S = -103 dbw 

feeder loss = 4 db 

S = -99 dbw 

*NANEP test results were obtained by taking the combinations of two each AN/ARN-31 
and AN/APX-6. 
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and 

S + p ~ S ~ S + MAX. 

Therefore, 

-101 _:::;; S < - 111 dbw, 

where p = 2 db and MAX= 12 db, from Table El. 
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Fig. E7 - Graphical comparison of overall transponder 
response with experimental data. Data were obtained for 
AN/APX-6 and AN/APX-25 IFF transponders using exper­
imental AN/ ARN-21 equipments as signal generators. 
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For a mean bandwidth (Ba) of 9. 0 Mc (measured at -6 db with respect to peak response) 
the bandwidth limits are 

2. 3 ~ B ~ 7. 9 Mc, 

for p = 1. 1 Mc and MAX= 6. 7 Mc, from Table El. The lower bandwidth limit is asso­
ciated with the upper sensitivity limit; and the upper bandwidth limit, with the lower 
sensitivity limit. 

The receiver center-frequency tolerance is obtained from Table El and the upper limit 
(MAX = 10. 3 Mc) is associated with the lower bandwidth limit. The lower receiver center­
frequency limit (p = 1. 7 Mc) is associated with the upper bandwidth limit. 

Using the values obtained by these calculations, a total frequency variation at maxi­
mum sensitivity (bandwidth for a = -105 dbw) of ±12 Mc is obtained. And a frequency 
variation of ±5. 7 Mc is obtained for the sensitivity of -101 dbw (bandwidth for a = -95 dbw). 
These values locate symmetrical points at the -6 db level for the pair of response curves. 
The data of Fig. E2 and the overall curve, Fig. E4, are used as guides to obtain the pair 
of overall direct frequency response curves showri in Fig. 4. The image response, as in 
the case for transponders, is obtained by using the shape of the direct frequency response 
curves and adjusting the signal level by the amount of the equipment image rejection. In 
the case of responsors of the AN/UPX-1 type, the image rejection is about 35 db; for the 
AN/UPX-6 and AN/APX-7 types, about 60 db. 

As in the case of transponders, the response can be expected to be different from 
that shown in Fig. 4 if TOME transmitters contain spurious transmissions. An example 
of composite experimental data is shown in Fig. ES. From the data of Fig. ES the over­
all response curve shown in Fig. 4 is obtained. In Fig. E9, the experimental data from 
Fig. ES is superimposed on the overall response curves (Fig. 4) for comparison. 
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Fig. ES - IFF responsor composite response to 
AN/ ARN-21 (XN-2) experimental Tacandistance meas­
uring equipment with spurious transmissions. The 
envelope of NANEP test data obtained using three 
responsors (one AN/UPX-1 and two AN/UPX-6) and 
two AN/ARN-21 equipments. 
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APPENDIX F 
The Combination of Center-Frequency 

and Bandwidth Tolerances 

Let the bandwidth (nominal or specified) be defined as 

(Fl) 

where the subscripts h and 1 are used to denote the respective high and low frequencies 
measured at some arbitrary level, a, below maximum response. In addition, if Ba is 
the bandwidth of a class of receivers, the receivers can be said to be tuned to the fre­
quency (fc) at the center of the band, Ba, or 

(F2) 

Generally, it is desired to have the receivers tuned within certain total limits (6. f) of a 
particular frequency f. Thus, 

(F3) 

from which maximum allowable limits for fc can be obtained, as 

and 
.f =f-M} min c 

maxfc = f + 6.f, 
(F4) 

in order that the system continue to operate. 

From Eq. (F2) it follows that there must be limits within which fha and fla can be 
permitted to occur if Eq. (F4) is to be satisfied. These limits , which are denoted by 
primed symbols until bandwidth tolerances can be included, from Eqs . (F2) and (F4), are 

Ba 
minf la = minfc - 2, 

Ba 
maxf 1~ = maxfc - 2' 

Ba 
maxfha = maxfc + 2, 

Ba 
minfha = minfc - 2 · 

(F5) 

To account for bandwidth tolerances, let the total or maximum variation be 6.B. Then 
the limits are 

and (F6) 
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It should be expected that the combined frequency and bandwidth tolerances fall within 
limits given by Eqs. (F12) and (FlO) , as respective lower and upper limits. 

Figure Fl illustrates the results to be expected in using Eqs. (FlO) and (F12) and 
allows a comparison to- be made of the differences between the probable maximum and the 
maximum resultants. The maximum limit was obtained by considering the component 
variation tolerances to be somehow dependent; the combined tolerance is the arithmetic 
sum of the components . The probable maximum limit was obtained as the" statistical sum 
of the components which are considered to be independent variations or tolerances . 

ADDITIVE DEPEN­
DENT TOLERANCES 

ADDITIVE IN DEPEN-
DENT TOLERANCES 

MIN. FcA 

F 

26F ----l 
I 
I 
I 
I 

8A~-I 
~68~==:J MAX. FHA 

REGION OF FHA REGION OF FLA 

F 

Fig. Fl - The relation between maximum and probable 
maximum limits obtained in the combination of receiver 
center-frequency and bandwidth tolerances 
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The limit values f1a and fha can be obtained by substituting maxBa from ·Eq. (F6) in the 
upper pair of Eq. (F5); thus, 

and 

from which, using Eq. (F4), 

and 

maxBa 
minf la = minfc - 2 

maxBa 
maxfha = maxfc + 2 

(F7) 

(F8) 

For convenience, Eq. (F8) can be expressed in terms bf an effective overall tolerance 
~fe, as 

and (F9) 

where 

(FlO) 

There are two ways the components of ~fe may be combined. Ordinary addition 
gives the limiting (maximum ~fe) case where the individual component qualities of ~f 
and ~ are somehow dependent. The other limiting (probable maximum ti.fe) case, con­
sidering the components of Eq. (F9) to be independent, permits the definition 

and 
~ 

6 ' 

or 

(F11) 

and 

(F12) 
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APPENDIX G 
Comparison of Some Predicted and Experimental 

Interference Effects 

To compare the predicted results of interference with experimentally obtained data, 
test results obtained on link 3A ( Fig. 1) will be considered. Experimental data* are 
available resulting from range runs made at several altitudes to investigate the extent of 
A TPR triggering by the T S/G B. The transmitter power output conditions reported to 
have existed are shown in Fig. 5 by the line designated as "EXP AN/URN -3. " The 
response curve for the transponder used in the flight tests has been superimposed on the 
overall response curve in Fig. G 1. The flight tests were intended to simulate the effect 
of interference when the AN/URN-3 is operating on channel 63. By using Figs. Gl and 5, 
(i.e., assuming free-space propagation) it is predicted that interference should have 
occurred out to a range of 1. 9 nautical miles (this point is designated in Fig. Gl as the 
experimental check point). However, if an overall error in measuring triggering level 
and power output of ±3 db is allowed,t it is predicted that triggering of the A TPR should 
have occurred at least to 1 and possibly to 3 nautical miles. The NANEP results* showed 
that triggering was obtained from 1 to 5 nautical miles. However, for the test conditions, 
had A TPR equipments having the best possible sensitivity been used, triggering might 
have been obtained for ranges out to about 45 nautical miles. 
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Fig. Gl - Experimental data superimposed on transponder 
overall response curve 

*D. T. Latimer, "Investigation of Interference between Mark X !FF and T AGAN 
Equipments ," Naval Ai'r Test Center (NANEP) Final Report ( YJ, August 17, 1953 

tusing tolerances of 2 db for triggering level and 1 db for power output 
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Figure G2 illustrates better how predicted ranges can be expected to agree with ac tual 
fl ight test data.* The reported NANEP data (essentially for a single A TPR) were super­
imposed to obtain maximum and minimum envelopes of signals which caused triggering . 
For comparison, the predicted interference regions should be interpreted as values which 
are equal to or greater than the percent triggering indicated. In the predicted curves , 
the reduction in triggering rate between 1. 4 and 3 nautical miles is indicated arbitrarily 
as occurring linearly. 

In the NANEP data (Fig . G2} distances were measured along the earth 's surface; 
hence, it is to be expected that the extent of triggering should be reduced as the altitude 
increases. In Fig. G3 altitude and range are drawn to the same scale and the arcs are 
loci of points at constant slant range from an antenna located at the origin. The reduc­
tion in range expected for the altitudes used in the NANEP tests is shown for altitudes of 

.::: 

2000 and 4000 feet. .., 

The degree of agreement ( Fig. G2) between the experimental data and the predicted 
values is considered adequate to proceed with the use of the method in evaluating the 
extent of interference on the various links. 

PREDI CTE D ---
MEASURED EXTREMES-----

ALTITUDES 

400 0 FT. 

2000 FT. 

10 00 FT. 

2 3 4 5 6 
SURFACE RANGE - N. Ml. 

Fig. GZ - Comparison of pre d i cte d a n d m easu r e d 
interference on link 3 

*Obtained by c ou n t ing r eplies when the int e r fe renc e on link3A occur r ed. 

DECLASSIFIE 



DECLASSIFIE 
NAVAL RE SEARCH LABORATORY 67 

36,000 --r---

30,000 

t;; 24,000 
w 
lJ.. 
I 
w 
§ 18,000 
1-

5 
<t 

12,000 

6,000 

EXPECTED RANGE 
REDUCTION AT 

"'7 
---H-- - - - - - -------+-4000 
- - 4-- - -+---------+- 2000 

2 3 4 5 6 

SURFACE RANGE-N. MJ . 

Fig . G3 - Variation of surface range 
with altitude 

>­
I-
> 18 
j:: 
en 16 
z 
~g 14 

ffi I 12 
2'. <O 

t!~ 10 
Wa_ 

~~ 8 _ z 
z<t 6 
O "-
~O 4 
::::, 
8 2 
er 

0 

I 
I 

I 
fi'rl 

/I I 
1 1 I / 

1/ I 
11 ,,, 

NANEP SUMMARY 
CURVE 

I' J I 
, ,'I 1.-- ENVELOPE OF J '!,I I EXPERIMENTAL DATA 

/4' I / 
/ I / 

f.'1 I I 

//;.,..J/ 
;!,/ / 

l :✓ // 
-40 -20 0 20 40 

SIGNAL LEVEL FROM ARN - 21(XN-2) DBW 

Fig. G4 - The effect of Tac an transmissions 
on IFF e quipment receiver sensitivity 

In making the comparison between predicted and experimental results, no attempt 
has been made to include the possible effects of reduction in receiver sensitivity caused 
by the presence of interference. An indication of the seriousness of this effect is shown 
in Fig. G4. The data presented in Fig. G4 summarize the results obtained by NANEP. 
Their data have been replotted together with the characteristic they used to summarize 
their data. In addition, envelopes have been drawn to indicate possible limits of extreme 
values. 
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