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FOREWORD 

The Electromagnetic Compatibility Analysis Center (ECAC) is 
a DOD facility, established to provide a data base, develop a rapid 
analysis capability and to provide analysis of electromagnetic 
compatibility projects of the military departments.  The Center 
is under executive and administrative control of the Air Force 
and is located at the U.S. Navy Marine Engineering Laboratory, 
Annapolis, Maryland.  The management and direction of the Center 
are provided by military and civil service personnel.  The tech- 
nical operations function is provided through an Air Force contract 
to the IIT Research Institute (IITRI). 

This report was prepared as part of AF Project 6^9E under 
Contract AF 19(628)-5049 by the IIT Research Institute, ECAC, USNMEL, 
Annapolis, Maryland 21402. 

Users of this report are invited to submit comments which 
would be useful in revising or adding to this material to the Dir- 
ector, ECAC, USNMEL, Annapolis, Maryland, Attention: ACLo 

This report has been reviewed by 

Jo PAUL GEORGI 
Technical Director of Technical Operations 

Approved: 

CHARLES  C.   WOOLWINE 
Colonel,  USAF 
Director 
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When US Government drawings, specifications, or other data are 
,uged for any purpose other than a definitely related government 
procurement operation, the government thereby incurs no respon- 
sibility nor any obligation whatsoever; and the fact that the 
government may have formulated, furnished, or in any way supplied 
the said drawings, specifications, or other data is not to be 
regarded by implication or otherwise, as in any manner licens- 
ing the holder or any other person or corporation, or conveying 
any rights or permission to manufacture, use or sell any patent- 
ed invention that may in any way be related thereto: 

Do not return this copy,  W^en'nofc needed, destroy in accordance 
with pertinent security regulations, 

^^gr^^i 

The distribution of this report is limited because it provides 
insight into ECAC's capabilities and operations. 



ERRATA 

A Fortran Program Which Aids in Generating Mutual Interference 
Charts, ESD-TR-65-20, published by Electromagnetic Compatibility 
Analysis Center, November 1965= 

Page 3-1, last paragraph, should read as follows: 

The printed output consists of:  receiver number, transmitter 
number, data on card 3, data on card 6, data on card h,  and the 
maximum values of P and HQ followed by the table of incompatible 
frequencies.  In this table are listed the receiver and transmitter 
frequencies and the values of P and HQ„  A sample printout is given 
In APPENDIX II. 
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ABSTRACT 

This technical report presents a program for generating data 
for mutual interference charts and discusses the uses of such charts 
Several examples are included. 

KEY TERMS 

FORTRAN 
MUTUAL INTERFERENCE MATRIX 
INTERFERENCE 
PREDICTION 
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SECTION 1 

INTRODUCTION 

Transmitters radiate energy at harmonic frequencies as well 
as at the fundamental frequency.  Receivers ususally have a number 
of spurious responses as well as the tuned response.  As a result 
of these unintentional emissions and responses, mutual Interference 
may occur between two nonassociated equipments (interfering trans- 
mitter and victim receiver) even though their tuned frequencies 
are widely separated.  Normally, Interference resulting from a 
transmitter harmonic passing through a spurious response of a re- 
ceiver occurs only when the two equipments are operated at the 
same site or are in close proximity to one another.  To prevent 
the possibility of mutual interference In these cases, one should 
assign tuned frequencies to the equipments so that none of the 
transmitter harmonics are coincident in frequency with any of the 
spurious responses of the receiver. 

The Electromagnetic Compatibility Analysis Center (ECAC) has 
implemented a mutual interference chart (MIC) generator that can 
be used as an aid In making frequency assignments for a particular 
transmitter and receiver (specified by nomenclature), * The gener- 
ator computes, for a given tuned frequency of the receiver, all 
of the tuned frequencies of the transmitter that may cause its 
fundamental or harmonics to be in frequency coincidence with one 
of the spurious responses of the receiver.  The data resulting 
from the computations can be plotted in the form of a chart, in 
which the abscissa is the tuned frequency of the transmitter and 
the ordinate is the tuned frequency of the receiver.  The plots 
on the chart show which tuned frequencies result In one of «the 
receiver responses being coincident In frequency with either the 
fundamental or harmonic of the transmitter.  It should be pointed 
out that even though an emission Is coincident with one of the 
responses, the received signal may not be of sufficient amplitude 
to be detected or to cause interference, since signal level is 
not determined by the MIC generator.  Some inference can be made, 
however, by considering the order of the interaction (see SECTION 
2).  It is also necessary to establish guardbands to take into 
account side band energy strong enough to interact with the re- 
ceiver responses. 

Two of the significant features of the mutual interference 
chart generator are: 

1,  Tables of Incompatible frequencies can be produced 
for all transmitter-receiver combinations (by nomenclature).  These 
tables can then be used to form charts which will aid In making 
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frequency assignments in situations where transmitter harmonics 
and receiver spurious responses must be taken into consideration. 

2.  The program has been written in FORTRAN, and thus 
can be used with any computer having a FORTRAN capability. 

The mutual interference chart generator described in this 
report is a very useful tool that can be used by organizations 
involved in making frequency assignments and having a suitable 
computer available. Since the ratio of channel bandwidth to fre- 
quency spectrum for HF is very small, the charts must be quite 
large if adequate resolution is to be had. This makes their use 
somewhat awkward in this frequency range. 

A technique that is commonly used to circumvent this prob- 
lem is to plot an MIC containing only the "allocated set" of fre- 
quencies.  That is, rather than plot all channels, only those chan- 
nels available are placed on the chart. 

As illustrated in Figure 1-1, the frequency set f,, fp, f_, 

... fN represents the available set.  The entries in the matrix 

are the same as with a standard MIC. 

Transmitter Frequency 

>> 
o 
c 
0) 
3 
cr 
0) 
u 

> 
•H 
1> 
y 
o 
(X 

Figure 1-1.  Sample Frequency Matrix 
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SECTION 2 

MATHEMATICAL APPROACH 

The MIC generator is based on the spurious response equation 
(2-1): 

Pf  + f 

where 

f  = an input frequency which causes a spurious response 

in the receiver, 

fL0 = receiver local oscillator frequency. 

fjp = receiver first intermediate frequency. 

P and Q are integers. 

Since f  may equal a harmonic of the transmitter frequency, 

potential interfering fundamental frequencies may be found by: 

f    PfTn + f,_ 
f = _sp_ =  

L0 ~ IF (2-2) lt H       HQ Kd   d) 

where 

f. = fundamental transmitter frequency. 

H = integer representing harmonic number. 

The FORTRAN program computes, for each receiver frequency, all 
possible solutions of equation (2-2) which are within the trans- 
mitter's tuning range.  The process is repeated for several steps 
in receiver tuned frequency (input parameters). No levels are 
computed, but the significance of each response can be inferred 
from its order (P + HQ).  As the order goes up, the responses tend 
to be less significant. 
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SECTION 3 

DISCUSSION OP THE PROGRAM 

Using fLQ • (fR + f,p)/M, equation (2-2) can be rewritten 
as follows: 

p f  + f lR       XIF „ fTF 
ft HQ M -  HQ (3-D 

where fR is the receiver tuned frequency and M Is the local oscil- 

lator multiplication factor.  The maximum values which P and HQ 
take on in a given computation are input parameters.  For all combin- 
ations of values up to these maximums, the potential interfering 
transmitter frequencies are calculated.  Those frequencies which 
lie within the transmitter's tuning range are printed out and all 
others are discarded. 

The program can handle up to 100 receivers and any number 
of transmitters on a single run.  All transmitters will be run 
against all receivers.  The only limiting factor is the quantity 
of printout, since provision is made for only one tape reel.  When 
this is filled, the program will stop. 

The program itself is given in APPENDIX I 
data cards are required as inputs: 

The following 

Card No, 

2 
3 

Format 

215 

15 
3E20o8,2I5 

215 

Contents 

Repeat cards 1 - 4 
5 15 
6 2E20.8 

Repeat cards 5 and 

Number of receivers, number of 
transmitters. 
Receiver identification number. 
First receiver tuned frequency, tuned 
frequency increments, intermediate 
frequency, L„0„ multiplication 
factor, number of steps. 
Maximum value of P, maximum value of 
HQ. 

for all receivers. 
Transmitter identification number. 
Lowest transmitter frequency, highest 
transmitter frequency. 

6 for all transmitters„ 

The printed output consists of:  receiver number, transmitter 
number, data on card 3, data on card 6, data on card h,  and the 
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table of incompatible frequencies. In this table are listed the 
receiver and transmitter frequencies and the values of P and HQ. 
A sample printout Is given in APPENDIX II. 
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SECTION 4 

APPLICATIONS AND SAMPLE PLOTS 

As an example of the formation and use of MICs, two equip- 
ments with the following characteristics are assumed: 

Equipment No. 1 

Tuning range 1100-1300 mc 
IF 60 mc 
LO multiplication 1 
Receiver identification number 11 
Transmitter identification number 21 

Equipment No. 2 

Tuning range 200-400 mc 
IP 27 mc 
LO multiplication 3 
Receiver Identification number 12 
Transmitter identification number 22 

Transmitter No. 2 was run against receiver No. 1, and transmitter 
No. 1 was run against receiver No. 2.  Receiver No. 1 was step- 
tuned in 50-mc increments and receiver No. 2 was step-tuned in 
25-mc increments.  The outputs for both runs are given in APPEN- 
DIX II and are plotted in Figures 4^1 and 4-2. Since receiver No. 
2 has an LO multiplication factor of 3, spurious frequencies are 
computed by using the base LO frequency.  This results in more 
potential response frequencies as can be seen from Figure 4-2. 
It can also be seen that each response follows a straight line 
as receiver and transmitter frequencies change.  The slope of this 
line is: 

 L =  _£_ (4-1) 
Af    HQM KH   1} 

where all terms are as previously defined. 

Both plots In Figures 4-1 and 4-2 are of the one receiver- 
one transmitter type.  If both equipments are transceivers (trans- 
mit and receive on the same frequency), Figures 4-1 and 4-2 are 
combined into one plot, producing Figure 4-3o  In using either 
type of curve, it is necessary to remember that the lines repre- 
sent incompatible frequency assignments.  For example, from Figure 
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Figure 4-1.  Mutual Interference Chart for Transmitter No. 2 
versus Receiver No. 1 
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Figure   4-3.     Mutual  Interference  Chart   for Two   Transceivers 
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4-1, transmitter No. 2 should not be tuned to 300 mc if receiver 
No. 1 is tuned to 1200 mc.  Frequency assignments should be made 
by finding a pair of frequencies in an area with as few lines as 
possible.  An example from Figure 4-3 is to tune equipment No. 
1 to 1200 mc and equipment No. 2 to 250 mc. 
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APPENDIX I 

LISTING OP THE MIC GENERATION PROGRAM 
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MIC  GENERATION 
 DIMENSION NRCQ(100).FRQ(100>,DELFQ(100).FIFQtlOO).MQ(100).NCO(100) 

1 iMPQ(100)tMHQ(lOO) 
_.l. .FORMAT. J.3E20..8 ._2J_5J  

2 FORMAT (2E20.8) 
-A .FORMAT (2I5)_    _. _ _     _  __. 
11 FORMAT (/14X2HFT,18X2HFR,8X1H>.3X2HHQ7> 
_2_0_FORMAT_J I 5 )  
19 FORMAT (15/, 3E2C.8.215/,2I 5) 

_-_-READ._(_5..3j._NRX,NTX_  
READ   I 5,19) (NRCQ~< J).FRG(JUOYLFO("Jf.FIFO < JUHQi'J)*NCQfJf .~MPQfJ)"»" 

--A.MHQUJ_»-_Jj=_l».NJiXJ \  
DO   18   JN*1,NTX 
READ   (5,20)   NTC 
READ (5.2) FTL.FTH 
.DO 17 _JK=A«-N_RA  
NRC- NRCCUJK) 
FR-FRQIJK) 
DEL>" » DELFQI JK) ' 
_EJ£_» FIFQ(JIC) 
H" MQ1JK) 
NC = NCQ(_JK.)_ 
~MP=NPQ< JK) 
MH=MHQ(JK) 
"V.R I TE "(6 .Yd") NRC 
WR1TE(6.20) NTC 
WRITE (6.1) FR.DELF.FlF.M.NC 
WRITE _(6 . 2)   FTL » FTH 
"WRITE (6~.3fMP.MH~ 
WRITE (6,11) _ 
AM=M 
P 2 =1FR+FI F )/AM.  
DO 10  1=0,NC 
6*1 
>i" = G*DELF/AM" 
FLO -F.1 + F2 ' 
FRD»FR+G*DEL~F~ 
DO 10  J=0,MP 
P = J 
FSP * ASS(P»FLO_ +_ F_IF)_ 
FSN - ABS(P*FLO"- FIF) 
DO 9_ _L«_1._MH 
H*l_ 
FTP = FSP/H  
FTN = FSN/H 
IF (FTP - F.TL) 6»A»>  

i  IF (FTP - FTH) 5,5,6 
5 .FORMAT _(2E20.8,2I5)_ 
WRITE <6,"5>FTP,FRD.J.L 

6 IF(FTN-FTL)9.7,7  
7 
8 

IF (FTN-FTHI8.8 
WRITE- (6.51FTN. 

.9 
FRD.J.L 

9 
.0 

CONTINUE 
CONTINUE 

17 
18 

CONTINUE" 
CONTINUE 

• STOP 

1=1 
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SAMPLE OUTPUT 
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PAGE 1 PRINTS LIST 

11 

.11000000+01 

.20000QOO+03 
.50000000+02 
,.40000000+03 

.60000000+02   1   1 

a 5 

FT FR       P  HQ 

,36666666+03 
,30500000+03 
,27500000+03 
.21400000+03 

,11000000+01 
,11000000+01 

L   3 ' 
L    1 

J 
.11000000+01   ! 
.11000000+01 

L   4 
I    5 

  
,22000000+03 
.38333333+03 
.31750000+03 
.2874 9999+03 
.25400000+03 
.23000000+03 

,11000000+01 
,11199999+01 
,11199999+01 
,11199999+01 

L   5 
L  - 3 
I    4 
L   4 

,11499999+04   3 
.11499999+04    ] 

L   5 
L    5 

.10000000+03 
,33000000+03 

.12000000+04   : 

.12000000+01    1 
L    3 • 
L   4 

,30000000+03 
.26100000+03 
,23999999+03 
,31250000+03 

.12000000+01    ) 
,12000000+01   1 
,12000000+01   1 
,12500000+01   i 

I    4 
L   5 
I   5. 

4 
.31250000+03 
.27400000+03 
,25000000+03 
.35500000+03 
.32500000+03 
,28399999+03 

.12500000+01   1 

.12500000+01   i 
4 

L   5 
.12500000+01   1 
.13000000+01 i 

5 
L    4 

.13000000+01   1 
•13000000+01   1 

4 
5 

,260000.00+03 .13000000+04   1 5 

- 

. 

. 
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PAGE >RiNT$""LTST"" 

12 
21 

720000000+03"" ~~. 25000000+02" 
,110000_0_0+04 ,130000oO+04_ 
~5 

#27000000+02 

24 

FT FR HO 

".ll6l9999+04"~ "~,200000o0 + 03""" 15' 
.11080000+04 ,20000000+03   15 
.12376666+04 .2o0000o0 + 03~~""l6 
.11836666+04  ,20000000+03 
.12593333+04" 
.11189999+04 

'".12029999+04" 
.11489999+04 
'".12870000+04" 
_.12329999+04_ 
.11349999+04 
.12273332+04 
".11733333+04" 
,12656666+04_ 
".11215000+04" 
_.11343333+04 
.12350000+04 
.11809999+04_ 
.12816666+04 
.11208333+04_ 
".11711666+04 
_.1144l666+04 
.12215000+04" 
_.11945000 + 04_ 
.11170000+04 
.12260000 + 0'* 
".11719999 + 04" 
_.12809999+04_ 
,ll035000+"04 
,11579999+04_ 
".11309999+04 
.12125000+04 
".11855000 + 04" 
_.12669999+04_ 
.12U00000+04 
.12944999+04 
".12003333+04 
.11463333+04 
712636666+04" 
.11261666+04 
"711011666+04" 
.11868333+04 
711598333+OV" 
.12454999+04 
712184999~+W 
.12771666+04 

.20000000+03" 

.22499999+03 
".22499999+03" 
.22499999+03 
".22499999+03" 
_.224999t>9+03 
.25000000+03" 
.25000000+03 
".25000QnO + 03" 
.25000000+03 
,25000000+03" 
_,27500000 + 03 
.27500000+03" 
.27500000+03 
".27500000 + 03" 
_.27500000+03 
.27500000+03' 
.27500000+03 

16 
~17  
13 

~ 1 *•" 
1*+ . 
"15— 
_15_ 
12 
13 

"13""" 
- 14 
"24 " 
11 

-12 
12 

"13""" 
22   2 

"23   "2 
23 2 
24   2' 
24_   2 

"10 ~~"1 

.27500Q00+03 

.27500000+03 

.30000000+03 

.30000000+03   11    1 

.30000000+03   ll   1" 
_. 30000000 + 03 12 1 
,30000000+03  20   2~ 
,30000000+03  21   2 
",3000000 0+03  21   "Z 
,30000000+03  22   2 
~.3on000o0 + 03"""22"   2" 
.30000000 + 03 23 2_ 

23 2 
24 2 
ID   1" 
10   1 
"11   "1" 
19 2 
19   Z" 

.32500000+03  20   2 
V32500000+03'~""20   "2" 
.32500000+03  21   2 
V3250000D+03""""2r~"~"2" 
.32500000+03  22   2 

,3onooon0+o3 
.30000000+03 
".32500000+03 
.32500000+03 
".32500000+03 
.32500000+03 
T32500000+03 

11=2 
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f. SE" 'PRINTS'"irsr- 

,11579999+01 ,310999o9+03' 
.11039999+0^ .31999909+03 
"."12836666 + 01 "",31999999+03" 
.12296666+01 ,31999999+03 
711111999+0'+ .'3l9999«9+03 
,1117»i999+Ql .31999999+03 
.'12073333 + 01 
,llfl03333+01_ 
712701666+01 
.12131666+01 
".12329999+01" 
.11789999+01 
.11521999+01" 
.11251999+01 
,12191999+oT 
.11921999+01 
M2A61999+01" 
.12591999+01 

.31Q99999+03 
,31999909+03 
731999909+Q3" 
,31999999+03 
737500000+03" 
.37500000+03 
737500000+03" 
.37500000+03 
737500000 + 03"" 
.37500000+03 
737500000+03" 
.37500000+03 

.11656667+01 .10000000+03" 

.llll£.666+0l_ .10000000 + 03 
".12539999+01 ,"100000o0 + 03" 
.11521666+01 ,10000000+03 
711251666+0^ ".10000000 + 03" 
.12233333+01 .10000000+03 
711963332+01 
,12911999+Q1_ 
".12671999+01 
.11002222+01 
711176666V0V 
.11296666+01 

.10000000+03" 
_,10000000+03 
.10000000+03" 
.10000000+03 
".IXlDOOO 00+03" 
.10000000+03 

~~"9"" 
9 

"10" 
10 
18" 
18 
"l9~ 
19 
20" 
20 
-9-- 
9 

17" 
17 
"18" 
18 
"19" 
19 
"8" 
8 

"9 
16 
"16" 
17 
"17" 
18 
"18" 
23 
ac 
21 

1 
1 
V 
1 
2 
2 

"2" 
2 
Z 
2 
V 
1 

"2" 
2 
"2" 
2 
"2" 
2 
T" 
l 
V 
2 
z 
2 
"2" 
2 
2" 
3 
3" 
3 
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