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SPECTRUM MANAGFI4EN.F STAFF

STAT~2€NT OF MISSION

The mission of the Spectrum !t~nagement Staff is to assist the Department of
State, Office of Telecc*nmunications Policy, and the Federal Communications
Commission in assuring the FAA ’s and the nation ’s aviation interests with
sufficient protected electromagnetic teleccvnmunications resources throughout
the world to prov ide for the safe conduct of aeronautical flight by fostering
effective and efficient use of a natural resource - the electromagnetic radio
frequency spectrum.

This objective is ach ieved through the following serv ices:

Planning and defending the acquisition and retention of
sufficient radio frequency spectrum to support the aero-
naut ical interests of the nation, at home and abroad, and
spectrum standardization for the world ’s aviation community.

Providing research , analysis, engineering, and evaluation
in the development of spectrum related policy, planning,
standards, criteria, measurement equipment, and measure-
ment techniques.

Conducting electromagnetic compatibility analyses to
determine intra/inter-system viability and design
parameters, to assure cert if icat ion of adequate spectrum
to support system operat ional use and projected growth
patterns, to defend aeronautical services spectrum from
encroachment by others, and to prov ide for the eff icient
use of the aeronautical spectrum.

Developing automated frequency selection computer programs!
rout ines to provide fre quency planning, frequency assignment,
and spectrum analysis capabilities in the spectrum supporting
the National Airspace System.

4%
Providing spectrum management consultation, assistance, and
guidance to all aviation interests, users , and providers of’
equipment and services , both national and internat ional.
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EXA~IINATION AND PREDICTION OF PROBLEMS ASSOCIATED
WITH COLLOCATING ATC-VHF COMMUNICATION SYSTE~1S

W. J. Hartman and J. J. Tary~

Problems associated with colbocating air traffic
control-VHF communications systems are investigated
for the purpose of comparing predicted results with
measurements , and comparing laboratory measurements
with measurements taken at operating sites. It is
reaffirmed that the characteristics of specific
equipments are one of the most important variables ,
and these characteristics can be adequately measured
in the laboratory for predicting their effects in
an operational environment.

Key words: Air traffic control communications ;
Collocation of VHF systems.

1. INTRODUCTION

The problem of having collocated transmitt ing and
receiving facili ties is treated here in the set ting of the Air
Traffic Control (ATC) communications system which utilizes the

VHF band from 118 to 136 MHz. Frequently, additional

frequencies in the UHF band from 225 to 400 MHz are utilized
in the same area and the in terfer ing ef fects of these are also
included .

Specifically , the problem is formulated in the following
form: Given a particular site at which 3 VHF and 3 UHF voice
communications channels are operating without mutual
interference , under what conditions can one additional VHF

*The authors are with the Institute for Telecommunications
-
- Sciences , Office of Telecommunications , Boulder , Colorado 80302.
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receiving system be operated without harmful interference at

the same site? If intermodulation products generated by more

than three frequencies are insignificant, which is most often
the case, the general cositing problem can be solved within
this formulation by considering the various combinations of

three VHF and three UHF frequency ass~.gnments.
The solution to th~ problem involves both theoretical

predictions and laboratory measurements. The measurements are

necessary to determine the particular equipment
characteristics which cannot be satisfactorily predicted at
this time.

Measurements taken at a remote communication air—ground

(RCAG) site are compared with  the predicted values , and also
with the prediction obtained from the Cosite Analysis Model
program (COSAM) developed at the Electromagnetic Compatibility
Analysis Center (ECAC ) (rn.~hes and Lustgarten , 1973; Shields

and Radice , 1973).

2. GENERAL

2.1 Determining the frequencies at which interference might occur
A. Calculate those frequencies where emissions might occur.

These include
1. Primary frequencies

2. Intermodulation products
3. Spurious emissions.

Construct a chart, as in f igure  1, which is an example for
the Aurora East RCAG site , showing third-order intermodulation
products denoted by T and fifth-order products denoted by V.
The three primary VHF frequencies also are shown by the dark
squares covering +100 kHz on either side of the center
frequency. This figure is a composite of the output of the
program given in Appendix A.

2
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Locate, from the measurements of the transmitter

characteristics (see sec . 8 ) ,  any spurious emissions and
plot them .

B. Choose a new frequency to be used at the site which
does not coincide with one of the possible interfering freguen—

- 

cies calculated in A. Use this frequency with all combinations
of the original frequency assignments to calculate possible IM
products in order to determine if these can cause interference
with the original frequencies.

Determine the spurious responses of the receiver tuned to

this frequency .
If the chosen frequency, or any of the spurious responses ,

falls on one of the emissions designated on the chart, the

signal levels present and rejection levels must be calculated .

If not, the frequency can be used.

NOTE OF CAUTION: Even though a spurious response does not

appear in an adjacent channel , the presence of spurious
responses nearby can increase the noise level by as much as
7 dB (see sec. 3).

2.2 Calculating power available at the receiver

The basic transmission loss between isotropic antennas is

given by

LB 
= —37.67 + 20 log (f r ) ,  in decibels (dB) (1)

where f is the frequency in megahertz, and r is the distance

between the transmitting and receiving antennas in feet (1 ft ~
0.35 in) .  In the band from 118 to 136 MHz, this loss can be
approximated to within 0.6 dB by

LB = 4 . 2  + 20 log (r). (2)

The transmission loss is given by

L = 4 . 2  — GT ( f )  — GR(f) + Lf(f) + 20 log r (3)

3
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where GT ( f )  and GR ( f )  are the antenna gains in the appro-
priate direction (possibly frequency dependent), and Lf(f)
is the loss (gain) associated with the waveguides or cables

and any filters installed in the lines.

The power available at the receiver is given by 
~~~~~(dBm) = 

~~~~~ 
- L, where 

~~~~~ 
is the transmitter power (in dBm),

and L is calculated for the path between the transmitter and
receiver.

The transmitter interinodulation power is calculated from

the expression (Shields and Radice, 1973):

P. = mP + n(P. - 8 . )  - K - (~~~)v vi m ,n V t
where 

~~~ 
is the power level (in dBm) of the intermodulation

(IM) product at the transmitter at frequency 
~im~ 

I~ is the
output power level (in dBm) of the victim transmitter signal at

~v 
P~ is the received power level (in dEm) of the interfering

transmitter signal at f1; 8~~ is the off-frequency rejection

(in d B ) ,  a function of frequency difference between and f~
and the victim transmitter output selectivity ; 

~~~~ 
is the

transmitter  conversion loss term for the m+n order case; and
is the of f - f requency rejection ( in dB) , a funct ion of the
difference between and 

~r 
where and is the tuned

frequency of a victim receiver and = mf
~
-nf

~~
. Values

for K21, K32 and K43 have been computed from spectrum
signatures (Hughes and Lustgarten , 1973; Shields and Radice,

1971)

2 .3  Receiver response

The receiver intermodulation ( I M)  levels are given by
+ inf’a~~~2 ) + 

~~
‘a~~~3~ 

+ -y where the received
frequency is expressed as ÷1f

1 
+ mf 2 ,  ± nf 3, and I is the

intermodulation value measured with a 0 dBrn input level for
all of the the frequencies f1, f~ , and f 3.

For some higher level input powers, this will overestimate

the interinodulation effect.

If the intermodulation measurements are not available, the

following formulas can be used (Shields and Radice , l973)

1 _ 
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1’im m (P
~
-
~~~~

) + 
~i~~ ir~ 

- 

~~~~ where 
~im is the power

(in dBm ) of the intermodulation product produced in the
receiver; P , and are the power levels (in dBm) at the input
to the receiver of the undesired signals; 

~vr ’ ~ir 
is the of f—

frequency rejection (in dB) , a function of the difference between

- 

undesired frequencies and receiver tuned frequency 
~~r~ ’ where

~r~~~~j in ~r mf ~ —nf j ; and ~~~~ is the receiver rf amplifier or
first  mixer conversion loss. Values of K11, K 21, K 32, and K 43
for the f i rs t  mixer and K ’ 11, K ’ 21, K’ 32, and K ’ 43 for the rf
amplifier have been computed from spectrum signature data .

The spurious response levels at the frequency f are
calculated using

= 1.5 
~~~~~ 

+ r(f), (5)
where ~~(f) is the response to 0 dBni input power.

It is recommended that the COSAM program (Hughes and
Lustgarten, 1973) be used whenever the cositing problem involves

large numbers of frequencies, requires computing transmitter inter—

modulation levels , or does not have the necessary measured charac-

teristics for the receiver IM or spurious response.

2.4 Use of filters and cavities

Filters installed at the input to the receiver can be used

to decrease the spurious response and receiver intermodulation

(see sec. 4 for a description of the filter and cavity). The

laboratory tests indicate that , with the use of the McCoy
filter, adjacent channels can be separated by as little as 250 kHz
(10 channels) as long as the undesired signal at the receiver

is less than +5 dBm . The filter does raise the noise level

to approximately -100 dBrn out to several megahertz when adjacent
channel signals are present. The cavity does not have the

5



selectivity of the f i l t e r,  and spurious responses , when

present , were still in evidence out to approximately ±500 kHz

with the cavity installed.
Filters or cavities are useful when installed at the output

of the transmitters for controlling spurious emissions and

transmitter intermodulation .

2.5 Criteria for rejection of a frequency assignment
The following, listed in decreasing order of importance,

are given by air traffic controllers as reasons for finding
interf erence intolerable ; (a) The undesired signal is
demodulated and appears in the desired channel as an

intelligible voice message , (b) The undesired sianal distorts

the desired signal, (c) The undesired signal breaks squelch

and (d) The undesired signal increases the background noise

level.

One additional condition was observed during the

laboratory tests: the presence of an undesired signal too weak
to break squelch , but sufficient to keep the squelch open after

the desired signal was removed.

Each of these cr iteria was investigated and related to
engineering measurements . The following guidelines can be

used to determine the cause of the type of interference and
the bounding signal levels.

Type (d) occurs when the undesired signal is several
channels removed from the desired channel, the rece iver has
spurious responses of the type reasured for the GRR-23 (i.e.,
very narrow-band responses), and the undesired signal level
measured at the receiver AGC is approximately -3.00 dEm .

Type (c) occurs whenever the undesired signal exceeds -97 dBin
into the receiver for a squelch level of 2 ‘iV.

6
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Because of frequency instabilities this may occur
intermittently at frequencies where the receiver has spurious
responses and at interinodulation frequencies , and thus should
be considered in terms of frequency of occurence rather than
an absolute level .

Type (b) occurs at either spurious response frequencies ,
or intermodulation frequencies when these occur slightly
offset from the desired frequency . A variable signal level at
the receiver AGC is a characteristic of this type of
interference , with the highest level about -90 dBm .

Type (a) can occur whenever the signal is greater than
-92 dBm .

3. GRR-23 RECEIVER MEASUREMENTS

The GRR-23 receiver normally uses a crystal controlled

local oscillator (LO). However , since tuning was required

during the measurement period , a signal generator was used to
provide the LO frequency . Consequently, frequent calibration
runs were necessary to insure that the diff erence between
using the crystal and the signal generator was not

significant. Typical calibrations , both with and without an

undesired (off channel) signal present, are s}’own in figures

2 and 3.

Figure 4 shows the response of the GRR-23 as a function of

frequency , showing the only differences observed using the
crystal and the signal generator. The input level was +7 dBm .

Figure 5 shows the same curve with the input level 0 dBm .

Figure 6 shows the relationship between the input power level

and the spurious response.
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During the period of measurements, particularly when

making the measurements using SCIM (see later this section) ,
variations in the spurious response were noted. This led to

the equipment configuration shown in figure 7, where the
spectrum analyzer at IF could be used to find the spurious

responses. These were only a few kilohertz wide and could easily

be missed when scanning through the frequencies with the signal
generator and observing only the AGC output. The results of

these measurements are shown in figures Ra to 8o as the
tuned frequency of the receiver is stepped by ten channels.

For those channels where no spurious responses appeared, no
figures are shown. No explanation for these spurious responses

has been found. The effects appear to be variable as noted in

section 2.

Figure 9 shows how the Mccoy filter eliminates the spurs,

but raises the noise level of the receivers.

Figure 10 shows some low level noise that appears when a
signal at +7 dBr occurs at 123.1 MHz, approximately 700 kHz
removed from the desired frequency . This phenomenon also
occurred near other center frequencies.

Fi gure 11 shows the additional spurs that appear when the
receiver LO frequency is changed , hut the receiver is not fine
adjusted at that frequency . The receiver in this example is
fine tuned at 123.1 MHz and the spurs are indicated for the LO
tuned to give desired frequencies of 123.6 or 122.6 MHz.

Figures 12 and 13 show the effec ts of tuning one s ignal
generator with 0 dBm output while a second signal qenerator is
on (figure 12) or off (figure 13) at a frequency 150 kHz
removed from the tuned frequency of the receiver .

Figure 14 shows the measured receiver intermodu1~ tion for
the GRR—23 and the King KY-l95B . Signal generators tuned to
124.1 MHz and 125.95 MHz were used with a directional coupler
to prevent transmitter intermodulation . With the McCoy filter
installed , the intermodulation levels dropped approximately 25 dB.
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The Speech Communication Index Meter (SCIM) is an automatic
method for approximating articulation index scores. Measurements
using SCIM (Gierhart et al . ,  1970) were made to indicate the voice
performance of the channel . Figure 15 shows the SCIM scores as a

function of input level to the GRR-23 from the GRT-2l transmitter

with no interference present. As determined previously (Gierhart

et al., 1970), a score of approximately 0.65 is acceptable for

ATC voice communications over AM channels.

Figure 16 shows the SCIM scores for various values of

desired to undesired signal ratios as a function of channel

separation . The desired signal level was -68 dBm which

produces a SCIM reading of 0.98 with no interference.

Figure 17 shows the desired to undesired ratio required to

obtain different SCIM scores as a function of channel

separation. The desired system for both figures 16 and 17
consists of the GRT-2 1 transmitter and the GRR-23 receiver ,
while the undesired signal curves are from the King 195B
transmitter. The on-site experimental configuration , using
the signal generator in place of the GRT-2l and the signal
from the antenna as the undesired signal in place of the King,
is shown in figure 18. The SCIM readings shown are for no
signal present at the antenna . The coupler introduced a 17 dB loss.

Combined effects of different transmitters, modulation,
and methods of measurements on cochannel response of the GRR-

23 are shown for reference in figures 19 through 25.
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4. McCOY FILTER AMD SINCLAIR CAVITY

An active bandpass crystal filter (McCoy model 300A) was

tested, and used in some of the experiments. The filter

response is shown in figure 26. The filter reduced both the

spurious responses and the receiver interinodulation of the

GRR-23.

A tunable cavity (Sinclair LllR-l36 ) was also tested. The
response is shown in figure 27. The cavity was not
sufficiently selective to reduce the spurious receiver
response , but did reduce the receiver intermod a small amount.
The reduction in receiver intermod depends heavily on the
frequencies involved because of the slowly decreasing skirts
of the filter response.

5. BUEC* - RECEIVER MEASUREMENT

Two FUEC-TYFA 8191 VHF transceivers were tested. For nany

of the tests, the performance was the same , although, as noted
later, some differences exist.

The AGC calibration for the BUEC receivers is highly
nonlinear as shown in figures 28 and 29. The AGC values as a

function of IF input power injected at the RF input (figure
30) and IF frequency (figure 31) show that at least 100 dB of
attenuation is achieved at this frequency .

Response curves for 0, +4 and +7 dBri are shown for
transceiver 214 in figure 32, and for 0 dBm input only for
transceiver 224 in figure 33.

BUEC is an acronym for Backup Emergency Communications.

10 
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An unexplained phenomenon occurred on both BUEC transceivers.

If the frequency of the BUEC receiver was stepped one channel at a

time, the AGC reading dropped to 1.2 volts dc. However, if
the channel was stepped by 1 MHz , the AGC rose to 2.6 volts
dc, and then dropped gradually as the channels were stepped

• back by 25 kHz, as shown in figure 34. This phenomenon is not

seen when the transmitter is varied . However, when the BUEC

transmitter and receiver are used together , spurs, not noted

when using the signal generator , appear as in figure 35.
Differences in the two receivers are noted in the (S+N)/N

curves of figure 36, and in the comparison of the amount of rf
power required to break squelch between the two receivers, as
shown in figures 37 and 38.

The squelch setting on a receiver is used to suppress
noise output when an rf carrier not greater than some

predetermined level is present.
Figures 39 and 40 are plots of squelch behavior versus chan-

nels removed from the desired frequency of 120.0 MHz for the BUEC
transceiver SN 214 and the BUEC transceiver SN 224. The settings of
the squelch were identical for both receivers; namely, with the rf
signal input level at -125 dBm, the squelch control was moved clock-
wise until the noise output just stopped . Beginning at

approximately 8 channels above and below 120.0 MHZ, the noise

was not squelched when the rf signal was reduced . As seen

from the figure; it would require a change of 10 to 25 dB for

the receiver to recover and squelch the off channel signal.

The two receiver characteristics are very dissimilar in
performance under like operating conditions.

The calibration of SCIM with varying ir~put power is shown in
figure 41 for the BUEC transceiver SN 214, and in figure 42 for the
BUEC transceiver SN 224. Also shown in figure 42 is a calibration of

SCIM for the DEl receiver which was used during part of the testing,

primarily at frequencies outside the 118—136 MHz band .
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The families of curves showing the desired to undesired
signal ratios required to produce a given SCIM score are shown

in figures 43 and 44.

At the fundamental and harmonic frequencies , the BUEC equip-
ment also radiated power , as noted in figure 45. Power incident at
the fuse holders also gave AGC readings through the BUEC
receiver. This is shown for several frequencies in figure 46.
This occurred at least up to L band , and was greatly reduced
by covering the fuse holders with copper tape. The phenomenon
completely disappeared when the BUEC transceiver was placed in
a screen room, indicating the need for more adequate shielding
on the BUEC equipment.

Figure 47 shows the output of the synthesizer at the

fundamental and the harmonic frequencies. I -

6. KIN( AN T) ~)EI RECEIVERS

Two additional receivers were used during the tests,
primarily for checking on other results. Although these receivers

would not he used in an actual cosite environment , their charac—

teristic.s are inc luded here for comparison with the other

equipment tested.

Figures 48 to 52 show measurements made on the King tran-
sceiver (KY-l95B) and figure ~3 shows the response of the
DEl receiver.

7. MFASU REMEN T~ AT THE AURORA RCAG SITE

Several sets of measurements were made at a RCAG site, in Aurora,
Colorado , using the signal inc ident on the unused VHF antenna as the
undesired signal.
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First, preliminary scans over all 720 channels (each 25 kHz)
were made to determine at which frequencies signals were

present. Second, SCIM measurements were made , using a desired
signal 1eve’~L of -65 dBrn at each predicted intermodulation

frequency, and at + 10 channels adjacent to the three primary
channels at the site. Figure 54 shows the block diagram of

the equipment configuration.
Figure 55 shows the SCIM readings at the intermodulation

frequencies. The cochannel SCIM measurements are shown in
figures 56 through 58. Compare these with figures 16 and 17.
The on—site adjacent—channel SCIM performance measurements
(figures 56, 57 , and 58) were made in February at the FAA ’S
RCAG East Site in Aurora , Colorado. Figure 56 shows SCIM
readings above and below (in 25 kffz channel increments) the
desired frequency of 128.65 MHz. These measurements were all

made with the three VHF and three UHF transmitters keyed but
not carrying any voice signals. Figure 57 is a repeat but

centered at 125.95 MHz, and figure 58 is centered at 124.1
MHz. The worst signal performance appears when the frequency

is centered at 125.95 MHz. Circuit A in figure 59 was tried

first, but insufficient isolation was achieved , resulting in a
signal of approximately -82 dBm at the antenna . Because it

was suspected that this was reflection at the receiver, a 3 dB

pad was inserted, resul t ing in the configura tion in Circuit B
in figure 59. This produced an additional 8 dB loss to the

antenna , resulting in a radiated signal level of -90 dBm which

was acceptable because of the separation from the other

antennas in the system .

Prior to the SCIM measurements, several Sets of signal
level measurements were made at the site. One complete set of
measurements was made using the GRR-23 receiver, with a signal
generator as the LO source and with the receiver fine tuned

every 20 channels (25 kHz wide). From the tuned frequency , the

receiver was then stepped to + 10 channels. In this fashion

all 720 channels (25 kIIz wide) were scanned , with all three UHF and

- - a-,. —. - - -
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all 3 VHF frequencies at the site keyed during each channel
measurement. The results of these measurements are shown in
figure 60. The points masked “unknown” in this figure
correspond either to freqiencies assigned to the I~urora RCAG

West Site located approximately 1000 yards (900 r) from the East Site,
or to intermodulation products associated with these

frequencies. However, it could not be confirmed that these
frequencies were keyed at the time of the measurements.

Figure 61 shows the comparison of the predicted* and
measured signal levels. The ITS predicted levels at the three
primary frequencies are the same for the COSAM as those given
by the formulas in section 2 of this report. The

predictions of the receiver intermodulation given by the
methods of section 2 using the rece iver internodulation lab
measurements are shown in figure 6l.for three of the third—

order products. Since the transmitter intermodulation charac-
teristics were not measur ed , no transmitter intermodulation pre-
d ictions corresponding to the methods of section 2 are given here.

Laboratory and site measurements of third order
internociulation products using the King receiver are shown in
figures 62 and 63. For the laboratory measurements shown in
figure 62, the input level at each of the primary frequencies
was — 7dPm , while for the si te measurements , the levels were
—1 dBm at 128.65 MHz -4 dEm at 124.1 MHz , and +7 dBm at 125.95 MHz.
t’sina the on—site measured values of power at the primary frequen-
cies , one would expect , from interpolatirta the laboratory measure-

ments of intermodulation values , the On—site intermodulation products
of —7 and -6 dBm at 2f1-f2 and 2f7-f1, respec tively, wh i ch agrees
with the site measurements.

One additional set of intermodulation measurements were
made on site using the Ying receiver. These consisted of using

Sinclair cavities n various combinations in the transmitter

and receiver lines in order to di stinguish between

~The predicted levels, labeled FCAC , were generously supplied
by M. Lustgarten of FCAC .
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transmitter and receiver intermodulation. These results are
presented in table 1. It is clear that the intermodulation
seen at 122.25 MHz and 127.8 MHz is primarily receiver
intermodulation, while the intermodulation at 119.55 is
primarily transmitter interinodulation . -

Figure 64 shows those frequencies where possible -

interference might occur due to improper shielding o e
receiver, as discussed previously in connection with e BUEC
(section 5). Since the laboratory measurements sho only a
very small leakage into the GRR-23 , no signal was expected at
these frequencies , and none was observed .

8. TRANSMITTER MEASUREMENTS

Several transmitters were available for brief periods of
laboratory testing . A brief over-the-weekend frequency-drift

test of the PUEC transceiver serial number 214 showed it to be well

within specification . From the time plot, figure 65, a variation of

approximately + 11 Hz can he seen for the 46-hr Period .
t 

This
drift represents a tolerance of 0.00001% in the VHF ai o—ground

band (ll8—]36 MHz), which is better than the required - cif-
ication for the equipment. The equipment configurati or this
measurement is shown in figure 66.

The calibration of the spectrum analyzer for the in asurement

of the output of the transmitters is shown in figure 67~
These calibrations apply to the spectral plots shown in figures 68

• and 69. The spectrum analyzer was set to a bandwidth of 3 kHz

with a scan of 100 kHz per division and a sweep time of 2 seconds

per division . TI~e input signal level was 0 dBm .

- - 

. In order to emphasize the spurious em~~sions of the King tran—

• sceiver , a notch filter was used to attenuate the carrier. These

results are shown in figure 70. The analyzer is not calibrated

for this figure.
15
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Table 1. Measurements

IntermodulatiOn 3 VHF Transmitters 3 VHF Transmitters
Frequency Without Cavities With Cavities

Receiver: Received Signal Received Signal
King KY-195B Level (dBm) Level (dBm)

119.55 MHz

Without Cavity ‘ -78 -97

With Cavity -84 -125

122.25 MHz

Without Cavity -35 -37

With Cavitj -62 -66

127.8 MHz

Without Cavity -13 -15

With Cavity —50 .55

16
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Figure 2. Calibration of the GRR-23 receiver (crystal
• controlled) at 123.1 MH z direct and through a

matching network .
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CALIBRATION OF GRR-23 WITH
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Figure 3. Calibration of the GRR-23 receiver with undesired
signal present.
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Figure 6. Spurious response variation level versus desired
rf input. (GRR—23 receiver) .
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Figure 7. Equipment configuration for the measurement of the
GRR—23 receiver ’s spurious response .
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Figure 61. Comparison of COSAM predicted intermnodulation
levels with on-site measurements.
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Figure 62. Laboratory measurements of intermodulation

products when the three primary frequencies are keyed at
0 dBms, into the JUng receiver .
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Figure 63. Site measurements of intermodulation products

with the primary frequency levels as shown into the King
receiver.
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VHF TRAN SCEIVER FREQU ENCY

20 *ATTS ______________________ CONVERTER
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—
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ESSA 10043

Frequency Stability Measurement

Figure 66. Equipment configuration for frequency drift
measurements of the BUEC VHF transceiver.
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Figure 67. Calibration of the HP Spectrum Analyzer. 
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Figure 68. Spectral display of three rf sources: (top)
HP 608C signal generator; (center) King KY—195B
transmitter; (bottom) GRT-21 transmitter.
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Figure 69. Spectral display of TV—6 transmitter.
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Figure 70. King KY-195B transmitter calibration.
Retuned notch filter.
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APPENDIX A. COMPUTER PROGRAM

The listed program computes the location of possible inter-
modulation products through fifth order in the band 118 to 136 MHz.

• The program is restricted to intermnodulation products produced
by three frequencies or less. The program accepts as input
three VHF frequencies in the band 118 to 136 MHz and three UHF

• frequencies in the band 225 to 400 MHz. If less than three VHF
frequencies are used, one of those used must be repeated to
bring the total number of VHF input frequencies to three. The
case is similar for the UHF input frequencies. If no VHF fre—
quencies are specified, zero should be entered for all three,
and if no UHF frequencies are specified, 225 should be entered
for all three.
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APPENDIX A: COMPUTER PROGRAM LISTING

P~OGR&M FRINTF~ (INPUT , OUTPUT , PUNCH, TAPE6. *INPUT , TAP~ b 1 OUTPUT’ 1
1, TAP€6Z PJNCM) 2

c - P~ 3G~ 4 M  TO COMPUT E THE !NETEFERCNC~ FRE~ ’JENCIES AND MA (E A 3
C rA iuLATIoN OF THE 2ND. 3k0, 4TH AND THE ~ TpI ORDER OCCURENCES 4

C S
0IIENSION FINT (L ~~, 3 2) ,  IFINT (19, 32), TA 8V ( 2 0 ) ,  ICENT (‘.) 6
~IM&.N3IO N TA ~~P4 ( .5) .  F (o ) ,  A INT (12) ,  IFINTN (19, 64) 7
0iIENSI3N ISYMBL (2~~, l.a)

C
C 9

COMM O :I /)  / IFINT , I~~, JJ, TABV , T*Op(, FIN T, IFINTN, NC, NOROE~~, NI 10
•INT, IFINT, IA , ISIH3L 11

C 12
INTEGER FINT 

-
C Iii
C 15

DA TA (IbLA NK = 1 16
DATA IBLAN~ / U N  - /, I~ 8/U R / 1€

lu. (i REA D L5~~~, F:, F2, F .  ~4, F5, FE, ZO ENT IT
C 16

IF (E3F ( ó’u ) ) 1~ 5, 11’ ~~ 19
1(5 CALL EX I T  20
110 C0NTINU~ 21

NOAO E~ 2 2 22
C 23

119 30 125 1 1, 19 24
DO 12~ . 1, ‘.G 25
J FINTN (1, J ) IBL AN K 26
IFINTN (I, J • 40 ) IOLANI( 27
FINT II, J) = IBLANK 26
IFINT (I,  J) = HLAN’( 29

120 CONT INUE 30
125 CONTI NUE 31

• C 32
F (1. ) = Fl 33
F ~~ F2 34
F (3) z F3 35
F (4 )  : Fl. 36
F U) = F5 - 37
F (b) : F6 36

C 39
FBASE = 118..)
00 130 I • 1, Zt 41
TAB ~ (I) a Fà&SE • FLOAT (I - 1) 42

130 CONTINUE 43
- FINC 2 0.029 44

00 135 .1 $ 1, 1.1 45
1*8(4 IJ ) 0 .0 • FLOAT (.1 — 1) • FINC 46

135 CONTINUE 47
C 48
C 49
C 50

I$TFN NOROER - 1 51
GO To (11,0, 190, 235, 245), INTFN 52

C 53
C 2 N) OR3ER INTERFERENCE COMPUTATION
C 35
C 56

11,8 03 161 J * 1. 600
ISYNI L (J ) ~ IR~11,1 CONTINUE

N c — a  97
PRINT 1502, z 58
NIMT~~~~0

A- 2
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~~~

• C 60
00 1 6 0 1* 1 , 3 61• N8 $ s . - 62

145 00 150 J * NO. 6 63
• J a a J  64

MINT $ HINT • 1 65
AF INT • F (J ) — F (1) 66

• PRIHT 1501., 1, J, AFINI 67
IF (A FINT .LT. 137.0 .A NO. AFINT .GE. :18.0) PRINT 1506, NC, A FINT 68

1, F (.1) , J , F C I). 1 69
IF (*FINT .LT. 137.0 .AND. AFINT .GE . .iS.0( GO TO 155 70

150 CO4TINUC
GO TO 6.)

C - 73
C . 74
155 CA LL TAd UL A T 75

C 76
IF ( (8  .11. 6)N8 ~ J3 ‘ U 77
IF (JO .LT . 6) GO TO 11.5 78

160 COIT IHUE 79
C 80

DO 185 ‘C = 1, 3 SI
MINT 141NT • L  $2
IF (K — 2)165, 17,. , 175 53

165 A FINT~~ F 9 — F ’ .  $4
PRINT 1506, MINT, AFINT, F5, 5, Fl., 1. 85
GO TO 1S~ 56

170 AFINT * F6 — Fl. $7
PRINT 1506, MINT. *FXNT. F6, 6, Fl,, I. 88
GO TO ISO $9

175 *F!NT~~~ F6 — FS 90
PRINT 1506, MINT, A FINT, FG, 6, F5, 3 91

180 IF (AF INT .LT. its.; .OR . AFINT .GE. 137.0) GO TO 185 92
C 93

CALL TA 3U LA T • 94
C 95

1$5 CONTINUE 96
c

G0 T0 275 9$
c -

C 1,0
C 3RD OROER INTERFERENC E 101
C 102
190 00 191 J $ 1, 500

ISYNSL (.1) — IRS
191 CONTINUE

N C O  103
PRINT i5,.2, 3 104
AFINT 2~~ Ft — F l  1.5
N I N T. I  106
CALL TAS ULAT LIT
*FXNT * Z ’ F l  — P 3
N1NT 3 LI,

• CALL TAS ULA T 11$
*FINT ~~• F 2  — F l  ILL
MINT S 5 111
CALL TA S ULAT 113
AFINT ’ 2~~~~F2 - F3 114
NINT 5 7 115
CALL TA SUL A T III
*PINT Z S F J . F1 UT
NINT • 9 11$
CALL TAS ULAT 119
IFTNT * • — . ITS

A -3  

-
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HINT = 121
CALL TA B ULAT 122

C; • 123
00 2C5 K = 1., 6 12’.
00 195 L 1. 3 125NI N T = H INT • 2 126
AFINT = F (K) — 2 • F (1) 127
CALL TA8ULA T 128 •

195 CONTINUE 125
2u5 C0~’( TINUE 133

0 - 131
AF !NT = • F.. — E S 132
N I N T = 3~. - 133
CALL TA BuLAT 134
AF INT = • F’. — Fô 135
NINT .~3 136
CALL TAB ULAT - 137
AFINT = ‘ ~5 — F-. 138
MINT = 35 139
CALL TA 80LA T 11.0
AF INT t 2 • F5 — P6 141
MINT 2 37 11.2
CALL TAB uLA T 1’.3AF IMT - ~ • F6 - F’. 144
MINT a 3, 11.5
CALL TA B U LA T 1l.E
AF INT ~ • F~~ - F5 14.7
MINT z 41 11.5
CALL TA BLLA T 11.9

C 150
AF INT r Ft  • F2 — F3 151
MINT - 1.3 152
CALL TA B UL A T - 153
AFINT = Fl • F) — F? 154
MINT = 1 3  15~CAL L T A B U L A T  156
AF INT z F? • F3 — Fl 15?
MINT * ‘.3 158
CALL TAB ULAT 159

C 160
00 2 1 5 K a 1 . , 5 161
AF INT F (K - FL — P2 162
MINT • MINT • 2 163
CALL TA B ULAT 164
AF INT a F (K ) — F2 — P3 165
HINT a MINT • 2 166
CALL TA B ULAT 167
W INY • F (K) — Ft — P3 16$
MINT a MINT • 2 169
CALL TABUL AT 170

215 CONTINUE 171
C 172

00 2 2 5 1 a 1 , 3 173
SPINY a ~ (II • Fl, — PS 174
NINT — MINT • 2 173

• CALL TA RUL A T 176
AFINT a F (I) • Fl. — Pa 177
MINT — NIPIT • 2 178
CALL TASU LAT 179
AFINT — F (I) • PS — Fl, III
MINT S MINT • 2 181
CALL TA B ULA T 182
IPINT • F (I) • PS — Pb 183
‘lINT — NIIIT • 2 154

A- 4
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GALL TABULAT 185
— WINY - F CI) • F~ — Fi. 186

HINT = HINT • 2 167
• CALL TABULAT 188 

-

• AFZNT • F (I) • F6 — ~5 189
MINT a HINT • 2 190
CALL T Ad ULAT 191

225 COIITINUE - 192
• C 193

AFINT z FI. +F5 - P5 19’.
HINT • 195
CALL TA B ULAT 196
AFINT Z F5 • F 6  — F l .  . - 197
M INT a 99 . 198
CALL TA8ULAT - --: 199
A F tNT a F5 ,F4~~~~F5 - -

~~~
- .- 200

MINT — 99 201
CALL TABULAT - 

202
C 203

0 TO 275 204
C 205
C 206
C 207
C 4TH ORDER INflRFERENC E 205
C 209
235 00 236 J a

ISYNO L (J) : 1MB
236 CONTINUE

NC — 3 210
PRINT 1502, . 211
AFINT a 2.0 • (F.. — PS) 212
MINT • 1 213
CALL TAa UL AT 214
AFINT - 2.0 • (Fl. — P6) 215
MINT • 3 216
CALL TAB ULAT 21?
AF INT * 2.3 • (F5 — Pb) US
M I N T * S  219
CALL TABULAT 225
W INY ‘ 2.0 (F3 — Fl.) 221
M I N T ’ ?  222
CALL TABULAT 223
AFINT * 2.0 • (FE — P5) 226
HINT * 9 225
CALL TA B ULAT 226
Ar INT * 2.0 • (FE - P61 227
PlINY * 11 228
CALL TABULAT 229

C 238
C 231

GO TO Z?5 232
C 233
C 234
C 5TH ORDER INTERFERENC E 233
c 236

245 00 V.6 J — 1. $J~ 
-

ISYNIL (J ) - IRS
246 CONTINUE

N C . 0  237
PRINT 1552, 5 238

C 2 39
W INY ’ 3.0 • F j— ~~~.I~~ Fl 241
M I N T - I  . 241
CALL TAB ULA T

- - 
- 

• 
- 

- 
-

- 
.
* 

,. . .- 
- . -S . 

- — ~~ — .--~~ -~~~~ 55 ~~~~~~~ — --5-— - --55

-~
• - -v’- • - . 

- — • ~..
—~~~~ — 

— _
p ________ — ~ ~~~~~~ 

——



___________________________ - 

- 

- - - - --  -,

A F INT = 3. • F~ — 2.~ ‘ Fl 243
NjNT 21.1.
CALL TAaULAT 21.5
AFINT = 3.,. • F~ — 2.~ • F~.MINT 5 2’.7
CALL TAB ULAT 21.5
AFINT = 3.~ • — 2.0 • P3 21.9
NIP.T 7 256
CALL TA B uLAT 251
AFINI 2 • F3 — 2.3 ‘ Ft 252 / -

NIIT = 3 253
CALL TA-JU L A T  25~AFINT = 3•3 • ~3 — • F2 255
N~NT = 11 256
CALL TAUULAT - 257

C 255

~~ Z~ 5 J 2 ‘.~ 259
0%) 255 I = ., 3 260
AFINT 2 2 .i • F (J) — 3~ ) • ~ (I) 261
MINT 2 ‘~INT • 2 262
CALL TAJULA 1 263

255 cONT INUE 264
265 CONTIN u~ 265
C 266
C 267

AFINT = 3.0 • F.. — ‘.3 • Fl 265
MINT = 31 269
CALL T A 3 U L A T  276
AFINT 3.a ‘ F.. — 2.3 • F~ 271
HINT = 33 272
CALL TAa ULA T 273
A F I N T  2 ~~~ • F5 — 2.0 • P4 • 274
NINT = 35 273
CALL TA3 ULAT . 276
AFINT = 3.0 • Fl — 2.0 • F 2??
MINT 3? - 278
CALL. TA 8ULAT 279
AF INT = 3.0 • FE — 2.0 • F’. 280
HINT = 39 281
CALL TAB UL A T 282
AFLWT = 3.0 • FE — 2.0 • PS 283
NINY = ‘.1 284
CALL TABULAT 285

C 2..6
C 257

AFINT = FL • 2 (P2 — P 3 )  288
MINT - ‘.3 289
CALL TABULAT 290
AF INT • P2 • 2 • (Ft — P3) 291
MINT = 292
CALL T A D U L A T  293
AFIPIT = FT • 2 • (FL — P2) 294
MINT £ .7 295
CALL TAB UL A T 296
WINT = Fl 4 2 • (P3 — P2) 297
HINT • 1.9 298
CALL TABU LAT 299
AF INT • P2 • 2 • (P3 — Fj) 300
MINT a 3~ 351
CALL TASuLAT 302
AF INT * P3 • 2 • (P2 — Fib 353
HINT z 53 384
CALL TABULAT 305

C - 306

A - 6
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C 307
C - PRINTOUT OF THE COMPUTED LOCATIONS OF INTERFEPENC E 308
C 309
275 CONTINUE 310

IF (NC .12. .) PRINT 1505, NOROEP 311
IF (NC .EQ. 3) 00 TO 295 312

C
C
C PRINT OUT OF THE CONDENSE D INTERFERENCE LISTING
C S • SECOND ORDER T — THIRD ORDER
C F * FOURTH 000ER . w a FIFTH ORDER
C -

PRINT 1513. IDENT, Fl, F?, F3, P4, P5, F6 313
C

IF ( NOR3ER .EI~. 2) PRINT 1512 316
IF (N’)RD~~ .t.~~. 3) PRINT 1511. 317
IF (NOR )ER .E2. ‘.1 PRINT 1316 318
IF (P4~)RDER .LQ. 5) PKINT 1513 319
PRINT 1520, MC 320

C
PRINT SOC
PRINT 610

C
DO 2dC .3 • 1. 23
PRINT 620, TABV( J) , (ISYNSL(J , K), K — 1. 1.3), TABV (J)

280 CONTINUE
C
600 FORMA T (7*, ..3 , 6*, ‘.1’. 6*. ‘.l, 6*, •,3’, 6*, ‘.4’, 6*,

I ~~~~~ 6*. •.6, 6*, .7’. 6*, • .S• , 6*, ••9)
610 FORMAT (8*, . . • .- . . . • . . . . . . . . . • . . . . • . .

. . S • S S S S S S S S •S)

620 FORMA T (IX, P3.5, • .—‘, 1.0(1*, 01), • — . P3.0, .‘)
C

PRINT 613
PRINT 6.~. 

-

C
PRINT 1310, IDENT, FL, F ., P3, Fl., F5, P6 313

C - 314
C 313

IF (NOROER .10. 2) PRINT 1512 316
IF (NORDER .10. 1) PRINT 1514 317
IF (NORDER .10, 41 PRINT 1516 31$
IF ( MOROER .12. 5) PRINT 1518 319
PRINT 1520, NC 328

C 321
PRINT 1535 322
PRINT 1532 323
PRINT j53l~ 324
PRINT 1536 323

C 326
IF (NOROER •GT. 2) GO TO 355 327

C 328
293 NORDEIL - NOROER 4 I 339

IF (NOROER .LE. 5) 60 TO 115 340
GO TO 100

C 342
305 CONTINUE

C 352
NOROER S NOROER • i 354
IF (NOROC* .11. 3) GO Y3 115 335
GO TO IGO 336

C 357
C 35$

—  

C 

-
- - - . 

- -  

- 

- 

- 
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C 363
C 361
C - 362
.5 C C  F P L T  (,FD.3, . .* ,  ..A~~) 363
.5~ 2 F0-(Mt.t t’~~I :1T5RFt 4~~r~CE’. !3, • O R D I R  CCM~UTATIGN’) 36’.
15..’. FJ-.~MA T ( I ’ ~)~ i( I . I., • 1N31x J = , I.., • Af INT •, ~~~~~ 365

I - 36€
15(6 F)ILNMT ( IS,  • IWT~~ F~~~ NC ~~UENC~ OF’, ~~ j~~~ •

?, 5*, ~~(FS.3. ix . 3’,5
• •F’, I IX) )

1508 FDRMA T ( • TH~~~E ~~~~ NO -I-NT€R FLi~ENCE FOF 3PC~ P NO.’. 13) 1 3â6
)A T A I - ~5 I~~RS~ , IRT f 1’T/ . IRE / IRF/ , I~’~ / L R V/

:5:3 F’3RMAT ~~~~~ 3 .K ,’.AIO, / F , ‘ TI~E TP.~~! ~~~ FRE QL ENC iE~ AR , 3F 369
~~~~~~~ / , T.€ Tsi~ L~ U~~ 

FO~ CJE NCI~~S .
~.(‘ , 3F:~~.3, I / 1 370

£512 FD-~Pl..T ( luX,  • O~ PJTIN. T~4t ~“4I3 3RDE.~ INTERF5 ENCE.’) 371

~5Li. Ft~~Mi.1 (3~ X , • CO M PUTIN ~ T~-~ 3~ C OR)ER Ip Jr:RFEQENC E. ’) 372
1516 FO~ MAT (LX, • ~OMPUT IN~. T.~~ ..Txl 0~~31( INT-EkF~ RENC E. ’) 373
1516 FJRMAT (3~X. • ~OMPUT IM.. T..~ 5T ’4 0~~D(R INT~~~Fc~~~NCE.’, 37..
1526 FORMuT (35* ,  T4~ RL WL ’ (~ ’, I~~, • CON31NATjTh~’, / / ) 3?;
1522 F3RMAT ‘..‘. F3.~~, . ‘, ~~~~~~~ 9 (3* ,  *10) , 3* ,  — )  37€

• :524 FO RMAT (7* , j;tc* , nj,), 3* , •—• )  377
1526 FC~ MAT (7* , 1~~(3X, Il.)) 378
1525 FO~ M AT (5* , 1~~(3X . 1G) ) 379
1570 FORMAT I’ LINE I .C.~~~’, ~X , ~~~~~~~ 9X , ‘.t,5C’, 9*. ‘.t75 , 9* , • 380

:.~~~..‘, 9* . • .12~ ’. ~ * , ‘.2 5:’, ~ V, ‘.175 ,  9* ,  • .20~ ’, ~ X, ‘.22s ) 381
2 38Z

:532 FC -(NLT I. L IP4~ 7 .~~5O’. -1*, .27!’ , Q*, •.3~~0 ,  9*, ‘.32 5’ , 9*, • 353
1.$l~~~, 3*, •.375 ,  9*, ‘..i ’, 9*, ‘.1.25’, 9* , ‘.1.50’, 9*, ‘.~,75’ ) 384
2 385

1534 ~0RNA T I’ LIN E 3 .5 0’,9* , ‘.3 25’ , 9* , ‘.530’ . 9* ,  ‘.575’ , 9* , • 38~1.o.(.’, 9* .  ‘.6~~ ’, 9* , ‘.15. ’, 9*. .6’5’ , 91, .7C C , 5*, ‘.725’ ) 387
2 36%

1536 FOR MAT I’ LIME .. .7~~O’, 9* , ‘p775’, 9X~ ‘.8~~C’ . 9*, ~~~~~~~ 389
1.65~~~. 9* ,  ‘.375’ , 9* , ‘.i~~:’, 9*, .9Z 5’ , 9* , .950’ , 9* , .9?~~~) 390
2 391

392
SU3 ROUT INE T 13JL*T 393

C 391,
OIME NSXON PINT (19, 32). IFINT (19. 32), AI NT (.2), TA~ V (20) 395
OIIEP.SIGP, TAS’i (-.1), F (o). IFINTN (.9, Eli) 396
DIMENSION INTFJ (lCt), INTF . (12), IMTF5 (5-.) 397
OIMEP.SLOM 1N1F34 (SI), INTF’.R (5), INTFSR (21) 39?

DIMENSION I.IYN3L (Z.~ 4~~)C 398
C. 399

IM TE~ ER PINT 1.00
C 4.ct
C ‘.02
C 1.63
C 1.04.
C 1.05
C 1.06
C - 1.07

COM M ON I.. ~AF I~,IT, II, JJ, TA 3V . lAIN. 914 1, IFINY N , NC, P4OROER, MI 1.08
ZNT, IFINT, IA , I5V MBL 1.09

C. - - 1.10
IF (AF IP,T .GT. lIó.0 .OR . A FDIT  .LT. 118.0) -LET%)RN 1.50
MC S ’ I C . I  1.51

C - . 1.52
00 1,.) K 2 2, 19 1.53
I I s K  . - 4.54
TSTV = TAIV ( I t)  

- - 
1.55

TST C s TAB~ it! • 1.56
IF (A FIP4T •LT. T3T ) 60 TO 5 1.57

105 CO IT IMU E 458
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1(5 CONTINU~ - 1.39
C - 1.60

IT3T • A FIP4T 461
PTST z AFINT — FLOAT lUST) 462
.3.3 FIST / .025 4 1.001 1.63

C 464
PRINT 1512, lINT, II, JJ 1.65

• C 1.66
C SET UP OF T.)E SYM3OLS FOR THE CONDENSED PRINT OUT
C

IF (NOROER .12. 2) ISYNBL (II, U) — IRS
IF (NORUEP .12. 3) ISYNBL (II, .3.3) • IRT
IF (NOROER .E~~. .1 ISYM3L (II, JJ) — TRF
IF INOROER .10. 5) ISYPI3L (II. .3.3) - lay

C - 
- 1.6?

IF ( NOPOER .ME. 2) GO TO 110 1.68
IFINT (II, .3.3) • LINT (MINT) 469
GI) TC I3I .70

C 471
110 NITT N MINT 472

MITT z NINT • 1 ~73
UT S J J ’ 2  1.74.

JJTM z JJT - 1 ‘.75 —

IF (NORDER — 4)115, 120, 125 416
C 477
113 IFININ (II, JJTM) INTF 3 (NITIM) 478

IFINTN (II, JJT) • INTF3 (NUT) 479
GO TO 13.

C 481
125 IFINTN (II, JJ TN) a INTF1. (NITTM) 482

IFINTN (II, JJT) • IMTF4 (NITT) 1.03
GO TO 133 454

C 1.03
123 IFINTN (II, JJTN ) • LNTF5 (NUTM) 406

IFINTN (II, JJT ) • INTFS (NITI) 457
C - 48$
C 409
130 ENCODE 18, 1511., IAF)AFINT 490

C 1.91
PINT (II, JJ) • lAP 492
IF (NOROIR .10. 2) PRINT 1516, PINT (II, .3.3), IFINT (II, .3.3), II, 493

1.3.3, HINT, AFINT 491.
IF ( NOROER .~.T. 2) PRINT 1318, PINT (II, JJ), IFINTN (II, JJTl), 1 495

1FINTN (IL, .JJT), II. .LJTN, .3,11, P111(1, AFINT 4%
RETURN 497

C 49$
C 1.99
1500 FORMAT (OINTP ‘1 550
1562 FORMAT (INS, 101 *10), / / P 3.1
1504 FORMAT (‘CINTF3’ l 3S2
1506 FORMAT liMO , 1.~.lR3 , *10), / / 1 503
130$ FORMAT (‘OINTP h’) S.’.
151$ FORMAT (‘QINTP3’ ) SN
1512 FORMAT (‘0’ , 31’., • FR OM TASUL AT’) 556

• 1514 FORMAT (P8.3) 507
1516 FORMAT (‘ PINT(Ij,JJ) • ‘.AIO , • IFINT (II,JJ) •‘,*IS. • II •~~~ 50$

114. • .3.3 -‘, 14, • MINT a’, 1’., • APINT a’, P15.3) 5St
1515 PORIIAT 4’ PI$T(fT ,JJ) • • ,A i0 , • IPINTN(II,JJ+) •, 13,A10, • 1 310

II a’, j ’.~ ~ JJTR ,JJt a’, 213, • MINt’, 13, • WINT a’, P16.3) 311
2 512
(N.) - 313
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