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PREFACE 

Thia i« the second in a aeries oí four Volumes comprising the 
Handbook on Radio Frequency Interferente. Each of the Volumes covers 
an important area of the subject oí RFI In this Volume we discuss pre¬ 
diction and measurement of interference. 

Problems of prediction and measurement are basic to all aspects 
of science and engineering. The degree to which we can utilize the re¬ 
sources of nature is dependent on our ability to forecast or predict con¬ 
ditions and/or to measure these conditions As our measurement tech¬ 
niques improve, so. too. do we improve our prediction capabilities and. 
therefore, our degree of resources utilization. 

In our use of the radio frequency spectrum, many aspects of the 
prediction/measurement process have been neglected, and it is only in 
fairly recent years that there has been a general recognition nf the need 
for increased effort in this area. 

Important factors in prediction/measurement are (1) the cost of 
measuring devices and (2) techniques for handling data resulting from 
measurements When the instrumentation car. be simple and relatively 
inexpensive, and the data rate ¡a low. prediction capability becomes high 
due to the small amount of effort necessary to obtain all of the necessary 
data. On the other hand, where instrumentation must be complex and 
costly, and/or the data rate is high, prediction capability will be de 
pendent on ( 1) funds available to develop and manufacture instruments 
with necessary characteristics and (2) availability o* manpower or equip¬ 
ment to record and process the data. 

The RFI prediction measurement process has suffered in the 
past from a relatively low s< ale of funding and effort. Instrumentation to 
make measurements across the radio spectrum from, say. 60 c ps to 
40 ges is very costly, and the data rate will be very high. We should be 
able to quickly and conveniently make the measurements and obtain the 
data if we are to make best use of the spec trum. Due to lack of develop¬ 
ment funds, the state of the art in RFI measurements and prediction has 
not advanced as fast as might be desirable for optimum radio spectrum 
utilization. Only today are we on the threshold of the introduction of 
automatic spectrum scanning field intensity meters, automatic recording 
of interference data, and computer processing of this data. 

In this Volume, we have attempted to bring together information 
concerning measurement and prediction principles, as well as information 
concerning equipment and techniques in current use or under development. 



I he material presented :h based largely on experience gained 
by the Frederick Rearare h Corporation tn the past ter. years in perform¬ 
ing tests, measurements and predictions in system design, equipment 
development, and spectrum sp-.ature proje ts In making this informa¬ 
tion and data available to others we hope that we < an contribute to a 
better understanding uf RFI measurements and to more ettectivc measure 
ment procedures. 

There are a number ci reterences to theoretical material devel¬ 
oped in Volume I. In some instances, where there is a close relationship 
to such material, important parts arc repeated in Volume II. 

For furnishing data and pictures on instruments and equipment. 
1 am grateful to Stoddart Aircraft Radio Co Inc. . Polarad Electronics 
Corporation, Empire Devices. Inc.. Shielding Inc . and Ace Engineering 
and Machine Co . Inc. 

I wish to expresu my appreciation to A H Sullivan. Jr . our 
Director of Advanced Systems Development, who has a* ted as Editor and 
Coordinator of the Handbook project, to H. D Zink, Jr . our Director of 
Research, who has prepared most of the material on signal acceptability 
criteria, and who has also provided technical review of material through¬ 
out the volume, to D Sa ba lus and R E Hannah for the material on RF1 
prediction, to T. H. Miller, our Director of Engineering, for the material 
on screen rooms, to T. H. Miller, L. Q. Fleenor, and J. A. Hopkins, for 
Chapter IV on test instruments, to R. E. Hannah for the material on radia¬ 
tion hazards, to Messrs Sa-jalon Steinebach, Shaver and Lightner for 
the material on spectrum signature rneasurernents and test locations and 
to Harry Petrey for propagation considerations which account for the 
presence of the earth and for details in preparing ROLS maps. 

Messrs. Agee and Humbertson have done an ext ellent job in 
guiding and dealing with the multitudinous complexities of production. 
Robert Frederick has beer, responsible for art work. Also my thanks 
to Marjorie Brown. Roma Taylor. Mary Schmidt. Frances Zello, Billie 
Harrison and others for their strenuous efforts in typing the copy and to 
Messrs. Roger Claxton. Daniel Harnes and Marvin Tilly for production 
work. 

Car! I.. Frederick. Sr 
Wheaton, Maryland 
20 March I 9b2 
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INTRODUCTION 

The prediction and measurement oí electromagnetic interference 
has long been an area of minor concern in communication-electronic sys¬ 
tem development. However, with the rapidly increasing use of the spec¬ 
trum, the higher output powers of transmitters, the vastly improved re¬ 
ceiver sensitivities, and, last but not least, the development of satellite 
communication systems, there has been a growing concern about the pos¬ 
sibilities of important system degradations due to interference. These 
degradations in many cases must be considered as catastrophic in nature 
since they may result in loss of control of aerospace vehicles, premature 
destruction of guided missiles, loss of command in fluid combat situations, 
and economic or even personnel loss where high data rates are interrupted 
in logistics communication networks. 

As a consequence of considerations of system degradation possi¬ 
bilities, more emphasis is now being placed on the requirements and 
means for predicting and measuring interference as it relates to system 
performance. "Spectrum signature' programs have been established to 
measure equipment characteristics and other programs exist to collate 
and evaluate the ' spectrum signature" information in terms of radio 
spectrum utilization. Increasing effort is being placed on theoretical 
studies of propagation and on measurements of antenna patterns. Design 
groups are putting more effort into the measurement and elimination of 
interference in components and circuitry in the early stages of develop¬ 
ment. All of these activities are indications of the increased importance 
of measuring and forecasting interference before it becomes a major 
I roblem. 

Chapter ! of this Volume contains a discussion of the criteria 
and requirements of signals by the user. In the following chapters there 
are discussions of prediction, instruments, and measurement techniques. 
The appendices contain associated material which will be found useful in 
measurement and prediction work and, in particular. Appendix III con¬ 
tains descriptive data sheets on standard R_FI fest sets. 

In Volumes UI and IV to follow, design considerations, RFI spec¬ 
ifications. and radio spectrum utilization will be du-Cussed in detail. 





SIGNAL ACCEPTABILITY CRITERIA CHAPTER 1 

1. INTRODUCTION 

The detailed analysis of signal acceptability criter.a is a subject 
which han beer, studied for specific systems under the exact circumetanc es 
tor which the System was intended to be used, but very little work has been 
done in making a compilation and correlation of the subject which tied to¬ 
gether the results of these studies and extended them to cover the general 
problem. Two expressions are in common use which denote the degree of 
interference which a system can tolerate and still he considered fully oper¬ 
ational. The first term is threshold signal-to-interference ratio" some¬ 
times abbreviated TSI ratio. The second term which is sometimes used 
is 'acceptance ratio. They may be used interchangeably and because the 
term "acceptance ratio" seems to have a better connotation. it will he used 
here. 

The term ' acceptance ratio" is defined as the ratio of the desired 
signal strength to the undesired signal strength which will just permit 
acceptable performance of a communications-electronics or radar system. 
Naturally, most systems must normally be operated with a signal strength 
considerably in excess of this value. 

Whether this ratio is expressed in terms of carrier values or 
modulation ratios or otherwise, and whether it is in terms of peak, rm», 
average or some other measure, depends upon the nature of both the de¬ 
sired and the undesired signal. It should be recognized that the term 
acceptable performance" lacks precision and must be defined in a par¬ 

ticular way for every system which is examined for interference effects 

Because of the great number of variables involved and the sub¬ 
jective nature of the output in many systems, it is impossible to give 
tolerable values of output signal-to-interference ratios that will fit all 
cases. In calculating acceptance ratios, it is necessary to: (1) under¬ 
stand how a specified interference signal will be manifested in the out¬ 
put or affect performance; (2) estimate the signal-to-inte ríe rene e ratio 
which can be tolerated in the output, and ( 3) use items (1) and (2) to work 
back to the input terminals through the receiver transfer function to find 
the acceptance ratio. In this chapter only those signals which do not 
sufficiently overload the receiver so as to cause desensitization and other 
severe non-linear effects will be discussed as these subjects are covered 



elsewhere in these volumes tsre Volume I. Chapter ¿). This limitation 
is necessary to keep the present discussion within reasonable bounds. 

The calculation of an acceptance ratio must take into account 
the type of message to be conveyed, the modulation employed on the de¬ 
sired signal and on the intertering signal, and the various parameters of 
the signals and system concerned (including the bandwidth, depth of mod¬ 
ulation. frequency deviation, and miscellaneous other factors). 

It will be assumed that, in the case of mutual interference, the 
cochannel interference problem will be large. y mitigated by system de¬ 
sign requirements. Thus, all signals present at the receiver in suffi -
cient power to cause interference to desired signals, will be in a carrier 
frequency of slightly or greatly different frequency from that of the de¬ 
sired signal. In some cases, the effect of cochannel ir.te ríe rene e will be 
discussed however, s.nce not ail systems arc so allocated as to prevent 
it. 

GENERAL CONSIDERATIONS 1 1 

A communications system can be described in simplified fashion 
as a source, a coder and transmitter, a communication medium or 
channel, a receiver and decoder, and a display. All communications 
channels Known possess some degree of noise or interference to the de¬ 
sired signal which has the effects oí: (I) reducing the amount of informa¬ 
tion that can be transmitted through the channel; (2) rendering difficult 
decoding of the desired information at the receiver and degrading the per¬ 
formance of the receiver information display. Three disp.ays permit 
coupling of electronic communication equipment to their humar, operators 
who are. in most cases (except when automatic data processing equipment 
is involved), the final recipients oí the communication 

Among the proce«ses*whereby an ntrrfermg signal may ad¬ 
versely affect a given system are the following (1) demodulation of the 
intelligence contained in the interfering signa and superposition of that 
intelligence on the desired intelligence; (2) substitution of trie interfering 
signal for the desired one, as in the case of the capture effect in FM 
transmissions, (3) creation of a beat note between the wanted and unwant rd 
carriers and supe rposition of this on the desired intelligence; (4)creation 
of intermodulation, c ross -modulation and harmonic distortion terms from 
either or both signals and superposition of these :erms on the desiredin-
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telligence; (5) exceeding a certain recognition level in the case of certain 
pulse systems, and (6) breaking of synchronism in automatic systems 
which require it. 

The interference to the signal may be of many forms. CW, AM, 
SSB, FM. Pulse and others All these signals affect varied equipments 
such as PPI scopes, facsimile, teletype and other systems, but the end 
effect is to cause an erroneous display of information. The human opera¬ 
tor or the automatic processing equipment has two prime functions inthe 
presence of interference to the desired signal; (1) the detection, and 
(2) the correction of errors in the information. The success with which 
this can be done depends, to a large extent, on the coding and structure 
of the transmitted information. "Structure" here refers to the restriction 
on the freedom of choice in the source of information due to certain de¬ 
fined rules for message assembly. "Structure" imphrs redundancy and 
depends on the statistical dependence between symbols or the interrela¬ 
tionship of information given by each symbol to the other symbols. 

2. SYSTEMS INVOLVING HUMAN ASSIMILATION 
OF THE FINAL DATA 

2 1 GENERAL 

The output displays of systems which use the human as the final 
interpreter of the information couple the information from the electronic 
communication equipment to the human operators who are the receivers of 
communications. The visual and aural capability of the human operator 
to perceive and analyze the displayed information becomes the ultimate 
limitation on the performance of the system. Just as all electronic re¬ 
ceivers have a threshold sensitivity, so do human operators, and it is 
the change in sensitivity of the operator to the desired signal in the pres¬ 
ence of noise and inte rference that determines the extent to which the in¬ 
formation will be correctly received by the operator. 

Human responses are, in general, not continuous, but are inter¬ 
mittent, even in response to continuous stimuli, due to the intermittent 
characteristic of the sensory apparatus For example, current theory 
holds that the eye sees events in a series of 0. 1 sec snapshots, sending 
pulse modulated information to the brain at a rate of 10 cps, which seems 
to be related to the normal 10 cps alpha rhythm or scan rate of the brain. 
This is also the normal modulation rate of the vocal apparatus, that is, 
the speed of movement of the tongue, lips and cheeks. Auditory acuity 
under optimum conditions is so sensitive that the thermal agitation and 
rush of blood in the vessels of the ear are almost audible. It is not 
clear, at present, whether the ear also sends messages to the cortex in 



pulse modulated fashion, 
HUHpHCted. 

but some relation to the )0 cps alpha rate is 

Concerning both the auditory and visual "threshold detection of 
signals such as perceiving a voice through noise or a target on a noise* 
cluttered PPI scope, it can be stated that any given signal detection de¬ 
vice strikes an arbitrary ba lane e between the detection of signals and the 
calling of false alarms.*' The more signals the device (which, in this 
case, is the ear or the eye of the observer) detects, the lower must be 
the perception threshold, which will result in an increase tn the number 
of false alarms caused by random noise and interference fluctuations 
Thus, an increase in the channel noise will cause tne observer to raise 
his perception threshold to Keep the false aiarrn rate from increasing too 
rapidly, which will result in a lowering of signa, detectability and, there¬ 
fore. a loss of transmitted intelligence. 

2 2 AURAL EFFECTS OF INTERFERENCE ’ 

Speech structure has a redundancy and depends on the statisti¬ 
cal dependence between symbols or the other interrelationship of infor¬ 
mation given by each symbol to the other symbols. In voice communi¬ 
cations. for example, it is dependent on the structure of the words, the 
grammatical structure of sentences, and the .dea structure of related or 
associated thoughts in a message. As Figure l-i shows, for 80% of the 
words to be correctly received, approximately 16 db more noise can be 
tolerated for words in a contexual framework as compared with the sa.; e 
words spoken singly, or as stated in information theory, intelligibility 
(the number of items correctly received) increases with increasing redun¬ 
dancy and decreases with increasing entropy, that is. outcome uncertainty. 
It has been estimated that the redundancy of ordinary conversational Eng¬ 
lish is 60 to 75%, while experimental study has established an increase in 
redundancy to a total of 80 to 96% under the effects of military situational 
context, procedural knowledge, and linguistic constraints. It is obvious 
that speech, which requires a minimum bandwidth of approximately 300U 
cps for 90% intelligibility, is inefficient for the transmission of informa¬ 
tion when compared with a more highly coded single frequency transmission 
of which Morse Code, requiring a bandwidth of only 100 cps. is an example. 

2. 2. ! EFFECTS CF INTERFERENCE ON THE EAR 

The tar is perceptive to signals of extremely small duration 
and experiments utilising signals as brief as 0. 1 milliseconds have 
elicited a corresponding cortical response? However, for impulsive 
sounds, the apparent loudness is the integrated effect over a period of 1 
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Figure 1-1. Intelligibility of Words and 
Sentences as a Function o! Signai-to Noise Rat:o 



millisecond The intensity required for response is inversely propor¬ 
tional to the duration, for the sensitivity fails off rapidly below durations 
of 0 2 sec Ab the signal duration is increased, the ear's sensitivity 
also proportionately increases up to durations of 0.2 sc« , until dura¬ 
tions of 0. 5 sec. . the ear is at maximum sensitivity. For judging the 
effect of a sound, the ear plus the brain seems to act in the manner of an 
integrator with a charging time constant of 10 milliseconds and a dis¬ 
charging time constant of 500 milliseconds. 

The car's cochlear mechanism is unable to analyze into their 
component frequencies two sounds which stimulate overlapping segments 
of the basilar membrane. Thus, two tones differing in frequency by less 
than 6 cps are heard as one intertone of varying loudness, which takes 
on a throbbing quality when the frequency difference is 6-7 cps. When 
this frequency differential increases to 25 cps. the throb disappears and 
the intertone becomes faint, taking on a rough burring quality. With 
greater frequency differentials, the two original tones become more pre¬ 
dominant. 

A# previously discussed, the readiness or speed with which any 
word will be identified is a function of the word's relation to other words 
in the listener's experience The more frequently a word is used incon¬ 
versation, the better are its chances of evoking a correct listener re¬ 
sponse, even though the word may be mutilated in transmission reception. 
The probability of correctly reconstructing a mutilated word will vary 
inversely with the number of other words m the listener's experience an«l 
the contexual vocabulary that the desired word resembles Apperceptive 
variables are of importance, such as the listener's dialect, educational 
level, and knowledge of the desired message content. 

¿.¿.¿ AUDITORY MASKING 

In the presence of interfering signals, a voice message either 
becomes masked by the intensity of the noise or is distorted by intermod¬ 
ulation products. From the point of view of communications in the pres¬ 
ence of noise, the most important characteristic of the human ear is its 
analytical ability to respond selectively to certain components of the total 
acoustic spectrum presented to it and to ignore others. However, the ear 
is not an ideal analyzer and perception of some signals is obscured by 
others, the extent to which this obscuration occurs is failed masking. It 
•8 defined as the shift in audit -ry threshold Í >r a desired signal which is 
produced by the introduction of extraneous interferem e. and is usually 
measured by the amount the desired r.ign.i. must be increased in intensi¬ 
ty to become audible. 



There arc three arbitran. y chosen thresholds with respect to 
the identification oí speech sounds, detectability, pert eptiUhty and in¬ 
telligibility. The first is the threshold when the sound can just be de¬ 
tected but not identified and corresponds to a signal-to-nmse ratio of 
-18 db when white noise is used as a masking signal on AM reception. 
Perceptibility refers to understanding, with effort, the overall context of 
a connected discourse and. in general, requires a bignal-to-noise ratio 
of zero to +5 db. Intelligibility threshold is that point when the listener is 
able to understand almost each word in discourse and requires signal-to-
nuise ratios taken under the above conditions of from +10 to + )5db 

The masking efficiency of a pure tone or a band of noise is 
greatest for frequencies near and above the tone, or in and above the 
bandwidth of the noise. The efficiency increases with the intensity of the 
masking signal. For maximum masking of speech communications, the 
interfering signal must produce in the listener's ear an interference 
spectrum continuous both in time and frequency throughout the trans¬ 
mitted speech range. Single tones arc then not as disabling as random 
noise because it extends over a spectrum of frequencies The result of 
mixing several sinusoidal tones together, approaches the masking effect 
of noise as a limit. Low frequency tones of high intensity in the 400 to 
1000 cps region are the most disabling ones because they cause possible 
overloading and non-linear distortion within the listener's auditory 
mechanism. 

Since the interfering signal must be continuous in time for maxi¬ 
mum effectiveness, the masking effect oí interrupted signals is less than 
for continuous. The masking effect of inter-upted noise varies as the 
rate of interruption increases because the listener detects parts of speech 
during the intervals. However, if the rate of interruption to a speech 
signal is sufficiently high, say several thousand interruptions per second, 
then the intelligibility is good even when the speech is present only 1 5% of 
the time. The table in Figure 1-2 summarizes the pertinent data relating 
to the rate of speech cut-off and intelligibility. 

Figure 1-2. Intelligibility Table 
(Percent of Message Correctly Received^ 

Percent of Time 
Speech Is Present Rate of Cut-Off 

Pe rcent 
Inte 11 igibi 1 ity 

50% on - 50% off 
50% on - 50% off 
50% on - 50% off 
50% on - 50% off 

_ 

2000/sec 
100/sec 
10 Hec 

95 

85 
49 



Z. Z. 1 DISCUSSION OF A PR AC. TICAL CASE 

A short time spent with an amateur radio operator or listening 
to the communications between airport control towers and the pilots 
would lead one to believe that, at least for voice signals, the human brain 
can be trained to correctly recognize signals in the presence of unbeliev¬ 
able amounts oí interference having characteristics similar to the de¬ 
sired signal. The average pereev i.pcn first hearing either of the above-
mentioned systems in operation will be almost completely unable to under¬ 
stand any of the transmissions After several hours (or days) of intense 
listening, however, the observer will begin to develop a facility which will 
enable him to understand a vet y hign percentage of the transmissions. 

In many cases, these transmissions are highly redundant be¬ 
cause the recipient is anticipating the content of the bulk of the message 
and is concentrating on receiving only certain specific new information. 
Apparently, once the observer recognizes the content of the redundant 
message, then, he too, can concentrate on the new information. Since the 
phrasing of the redundant words is almost always the same, the listener is 
given a further clue by knowing very nearly the time in the message when 
the new information will he transmitted. If the listener is part of the 
communications system and the interfering signals are such as to blot out 
the new information, he may then ask for a repeat with the great likeli¬ 
hood that the interference will not be so great at the precise instant when 
the new information is transmitted. The casual observer, of course, is 
not in such a position and loses intelligence if he has a similar experi¬ 
ence. It should be noted that in rhe »hove cases that the observer nerd 
not receive very much of the redundant portion of the message if the word 
phrasing used is.standard, since he can tell by the rhythm when the new 
information will arrive. 

It has been stated by some ûbierver» that a fatigue factor sets 
in which decreases the ability 01 the human to detect the signal correctly, 
after a period, when communications must be carried Out in an environ¬ 
ment having high interference This is probably true for control tower 
operators but it may not apply for all other cases. 

Z. Z. 4 AURA!. ACCEPTABILITY CRITERIA 

A survey of experimental values for determining just tolerable 
interference shows that the range from ?ero to ♦ I 0 db includes the range 
of output signal-to-noise ratios most frequently postulated as criteria. It 
is obvious that, drpending on the type of desired and interfering signal 
and the degrees of modulations used, the input signai-to-interierence 



ratio will vary widely for a given desired output signal-to-noisc ratio or 
percentage intelligibility. 

The various cnaracteristics of the receiver in use determine, to 
a great extent, the input acceptance ratio. Thus, the degree of non¬ 
linearity. selectivity, and RF amplification will markedly affect the re¬ 
sistance of the receiver to interfering or nnming signale. The receiver 
possessing a minimum of non-hneanty and RF amplification and a high 
degree of sharp selectivity will be much more tolerant of interfering sig¬ 
nals than those not possessing these characteristics 

2. 2 4. 1 CW Receiver 

For the case of CW communications, when the interfering signal 
m exactly frequency coincident with the desired signal equality of signal 
strength produces masking oí the desired information Mutual interfer¬ 
ence signals are not likely to be of exact frequency coincidence, thus 
lessening the probability of effective masking Therefore, the desired 
information can almost always be distinguished even though heavily 
masked by noise or ether interfering signals. 

2.2.4 2 Conventional AM Receiver 

Conventional AM communications receivers have been the sub¬ 
ject of a great deal of experimental testing, both in the laboratory and the 
field, leading to the setting of a fairly re iblr figure a* a tolerable inter¬ 
ference criterion. This criterion depends however, on the degree of co-
channelanty of the interfering signal and the desired s.gnal. If the 
carriers are exactly coincident in frequency, the resulting masking will 
be due only to the superposition of the interfering modulation on the de¬ 
sired signal modulation. This represents less masking of the desired in¬ 
telligence than does the case where tne two carr-ers dii:er in frequency, 
thereby producing an intelligence masKing beat-note product. The signal-
to-interference ratio covers a range of some 15 db for the extremes of 
this situation, making an accurate choice of an acceptance ratio highly 
difficult. 

In ar. AM receiver a peak linear detector is used for demodula¬ 
tion and reproduces the envelope of tne impressed moderation waveform. 
Theoretical analysis of the waveforms applied to such a detector estab¬ 
lishes that intermodulation products between a desired and an interfering 
signal are relatively negligible in relation to the masking effect of the 
beat frequency oí heterodyning CW carriers. Thus, when signals are 
isochronous, the chief masking agent will be the demodulated intelligence 
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oí the interfering signa'., but when the signals are non-isochronous, the 

beat-note product of the two carriers will be the principal agent in mask¬ 

ing the desired intelligence. Inasmuch as exact frequency coincidence 

and isochronism are extremely unlikely to occur in practice, a beat note 

will almost always be present, usually slowly varying in pitch. The 

masking effect of such a note or tone can add 5 db to the previously re¬ 

quired signal-to-interfe rene e ratio needed for satisfactory intelligibility. 

The diode detector plays a significant role in determining the 

true selectivity characteristics of a receiver. A review of the basic 

equations relating to envelope detection shows that the carrier-to-

interference ratio is a significant parameter in the determination of ad¬ 

jacent channel interference effects. It is known that when the carrier-
to-inte ríe rene r ratio is large, additional selectivity is obtained by the 

capture effect. Under impulse-noise or other interference conditions, 

where the carrier-to-interference ratio is less than one, the diode de¬ 

tection process is captured by the noise or interference and the desired 

signal is significantly degraded well beyond the effects indicated by the 

usual RF and IF selectivity response. 

When an FM interfering signal enters an AM receiver, a con¬ 

version oí FM to AM takes place, dur to the slope of the selectivity 

curve. This causes generation of second harmonics of the intelligence 

frequencies in the interfering signal, which, in turn, will cause garbling 

of the desired intelligence. The smaller the frequenc y deviation of an 

FM signal, the stronger must be the desired signal to maintain a con¬ 

stant signal-to-inte ríe rene r ratio. The point of maximum interference 

will be where the frequency deviation of the interfering FM signal is just 

sufficient to fill the acceptance band of the receiver. 

When a single sideband suppressed carrier signal is received 

by an AM receiver the effect is that of a continuous wave detuned from 

the carrier with resulting strong beat-note products which are the pri¬ 

mary source of masking. 

2. 2. 4. 3 Single Sideband Receivers 

The reception of an undesired single sideband suppressed carrier 

by another single sideband receiver can result either in cross modulation 

of the desired signal, if the carnets are coincident, or in beat notes be¬ 

tween the single sideband spectr um and the injected carrier of the receive 

if the carriers are not identical. This is similar to the AM case. If the 

received signal does not utilize suppressed carrier, then obviously, there 

will be a strong beat note produced between the detuned carriers. It 
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should also be pointed out that the frequency difference between the locally 
inserted and reference carrier must be wept below 50 < ps to prevent severe 
distortion of the desired information. 

Single sideband receivers can be considered a» less susceptible 
to interfering signals than AM or FM since there is a greater concentra¬ 
tion of intelligence on the KF carrier in relation to the bandwidth of the 
receiver. Thus, an SSR receiver can successfully operate with desired 
signals of less magnitude than the channel noise. 

2. 2. 4 4 FM Rec e.vers 

In an FM receiver the instantaneous frequency deviations are 
detected by the discriminator, and as long as any signai is above the 
level of circuit sens.tivity, the d scrin.mator will not respond to am¬ 
plitude variations of the waveform enve ope. However, while frequency 
modulation Systems contain inherent interference reducing characteris¬ 
tics, certain types of interfering eigrahi combine with tnese inherent 
characteristics to make the receiver quite vulnerable in some cases. 
The capture effect, wherein the receiver limiter responds to the stronger 
of two signals and blocks the receiver to the weaker signal, .6 an illus¬ 
tration of such vulnerability. Thia capture will occur, for most FM re¬ 
ceivers, when the power of one signal is ¡26 times that of the other. 
This corresponds to a signal-to-interference ratio of -1 db. that is, the 
undesired signal must be 1 db greater than the desired signal for com» 
piste capture to occur. This is not to imply that interference will not be 
appreciable when the undenred signal is ower than this level but that 
this level is that which will essentially blot out the desired signal. In 
general, for the undcsired signal to be completely suppressed, it must be 
6 db below the desired signal. This is not a hard and last figure and will 
depend on the design of the particular FM receiver. 

2.2. 4. 5 Other Systems 

The channel grabbing characteristic n of certain interfering sig¬ 
nais can produce highly annoying effects which require an increase in 
signal-to-interferem e ratio to overt erne Frequency Shift Keying (FSK) 
and interrupted CW are two examples of such signals that can cause the 
receiver either to shift between two or more competing dignais or to be 
quieted by a strong, recurring interfering signal. Therefore, the ac¬ 
ceptance ratios for such signals ere higher by 2 db than »hose for AM or 
FM modulated carriers. 
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2.3 VISUAL EFFECTS OF INTERFERENCE 

Almost without exception, receiving devices which are used for 
visual presentation of the output information consist of a system employ¬ 
ing one or more cathode ray tubes (CRT) for the display. Prominent 
examples are; (1) television picture tubes (which are used for many dis¬ 
play purposes in addition to th* conventional one); and (2) radar video 
devices such as PPI scopes. A scjpcs. J scopes, and others. These 
two examples constitute the large majority of cases where visual signal 
acceptability criteria must be formulated. Extensive studies for use in 
channel allocation have been conducted to determine acceptable signal-
to-interference ratios for conventional television systems when sub¬ 
jected to a limited class of interference, but many of the possible inter¬ 
fering signals were not considered. Little has been published concerning 
criteria for other TV type displays (such as might be used in air traffic 
control systems). Most radar studies have been directed towards the 
effects of intentional jamming and multiple target confusion factors and 
while these results are not directly addressed to the signal acceptabil¬ 
ity problem, the results could he reinterpreted to apply. Unfortunately, 
much of the most valuable information is classified and so cannot be 
discussed here. 

Other visual displays consist of output information presented on 
an X-Y plot by the use of a recording pen or stylus and data shown by 
dial positions, counter readings or neon or incandescent alphanumeric 
display devices. It would appear that no formal study has been made 
which would apply specifically to these devices. 

In the radar and television cases, the eye has a decoding prob¬ 
lem similar to the ear under interference conditions. The interference 
and noise is usually present so as to cause distracting stimuli to be re¬ 
ceived from large areas of the visual field. The task of coneentrating 
on a particular area is required as well as separating the signal from the 
interference in that area. 

For the X-Y plot and the alphanumeric displays, if the informa¬ 
tion is useable at all, the distracting effect of noise is not usually as 
great as in the CRT cases, and it is somewhat easier to mentally inte¬ 
grate the signal and thereby read through the interference 

Strictly speaking teletype and facsimile are visual presentations. 
However, the effects of interference are not dynamic ones when the vis¬ 
ual display is presented to the human observer and therefore, the factors 
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that are discussed in tnis sect on du 
been degraded and must be menta. 'y 
structure oí the message or picture 

not apply If the information has 
re ns* rut ted, the redundancy and 
i« more significant tl-.an the visual 

effects involved Because of these facts the above systems are dis¬ 
cussed as ones which use machine decoding 

¿ 3. I EFFECTS OF INTE RFERENCE ON THE EYE 

The brightness sensation resulting from a sing.e short flash ui 
light is a function of the duration of the flash as wcl! as its intensity. 
For low intensity flashes near the threshold of vision, stimuli of shorter 
duration than about 1/5 sei arc nut seen at their full intensity Their 
apparent intensities are very nearly proportional t the effective pulse 
length <>f the flash Wjth increasing intensity of the flash, the lime nec¬ 
essary for the resuiting sensation to reach its maximum becomes shorter 
and shorter A flash of 5 miUilambertS reaches its n ammum apparent 
intensity in about lO sei . while a ll.u.h <>f : 000 mill i ! amber* s reaches 
it in less than ’/¿Ü sec Also, for the i.igher intensities there is a bright 
ness overshooting effect and for a Jtimulus time longer than that neces¬ 
sary to have the maximum effect, the apparent brightness of the Hash is 
decreased. A 1000 millilambert flash ! ' 20 sec will appear to be al¬ 
most twice as bright as a flash of the h. me intensity which continues for 
I/5 sec. 

Intermittent excitations at low frequencies are seen as succes¬ 
sive individual light flashes With an increase in frequency, the flashes 
appear to merge into c ne another giving a coarse pulsating fl lexer effect. 
Further increases in frequency result in finer and finer pulsations until, 
a? a sufficiently high frequency, the flicker effect disappears. The lowest 
frequency at which flicker is not teen is called the critical fusion fre¬ 
quency or simply critical frequency Over a wide range of stimuli lumi¬ 
nescences, the critical fusion frequency is a logarithmic function of the 
luminescence. It may vary from about 16 cps to over SC cps. 

Interaction between widely separated areas of the visual field 
appears to be essential to many perceptual processes 4 When a spatially 
periodic stimuli (such as the parallel Imp» which occur on a television 
screen in the presence of offset carrier. cochannel television interfer¬ 
ence) is superimposed on a display containing random visual noise or 
brief flashes of illumination, semetimes a dynamic form of interaction 
sets in that generates in the brain of the viewer an additional pattern 
which is not present in the display I.nt pattern manifests itself as a 
vigorously moving transient compliiMT^rv after image suggestive of 
standing wave patterns of activity in the it muiated area. A variety of 
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evidence suggests that this effect is not entirely retinal in origin, since 
stabilization of the retinal image and the use of flash illumination have 
shown it to he quite distinct from effects due to eye movement. 

2. 3. 2 VISUAL INTERFERENCE CHARACTERISTICS 

Visual interference can be classified into three general types: 
(1) interference having characteristics similar to random noise; (2) co¬ 
herent interference; and (3) impulsive interference. 3 The origin and na¬ 
ture of random noise is well known, thus interfering signals having 
characteristics similar to random noise can be treated as though it were 
present instead of the actual interfering signal. Random noise has char¬ 
acteristics on video displays similar to those in audio systems. It ap¬ 
pears on the output of a CRT video display as random variations in ampli¬ 
tude deflections or luminescence As the effective amplitudes are great¬ 
est for the highest frequencies, the variations tend to be greatest for the 
smallest elemental areas reproduced on the CRT. The eye does not fully 
resolve these small area differences. and so those which are resolved 
appear to have a lower brightness or amplitude than the actual lumines¬ 
cence or amplitude differences that exist. The net visual effects of ran¬ 
dom noise are therefore, brightness fluctuations which appear most con¬ 
spicuously as small flickering areas in rapid motion. These fluctuations 
are called snow on intensity modulated displays and grass on deflection 
modulated displays 

Coherent noise arises as the result of RFI from undesired sig¬ 
nals and miscellaneous types of electrical equipment such as fluores¬ 
cent or incandescent lamps Alternating current interference in the sys¬ 
tem also falls into this claseiÍK atton. Coherent interference differ« 
from random noise in having a characteristic pattern which may he either 
stationary or in motion. 

Impulsive interference results from rapid intermittent induced 
voltages. Sources of such voltage* ir< lude faulty equipment, components 
or connections, automobile ignition systems, electrical motors, natural 
electrical discharges and strong radar interference. For intensity mod¬ 
ulated displays, the visual effects are usually small light and dark areas 
or streaks of random position. Usually, the entire display is not affected. 
The disturbances are usually of short duration, hut if continued they ap¬ 
pear at irregular intervale uniese they are the result of radar interfer¬ 
ence, in which case a regular pattern rnay be formed. 
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I. 3. 3 VISUAL ACCEPTABILITY CRITERIA 

With the exception of radar systems, a learning effect in re¬ 
gard to interpreting degraded visual displays does not seem to occur to 
any great extent. As was discusned above, extended exposure to a de¬ 
graded audio signal seems to aid in information recovery, but in gen¬ 
eral, most observers will be able to recover about al< the information 
obtainable from a degraded visual display after only a short period of 
exposure. This is probably because most observers have been required 
to train themselves in precision viewing but not in precision listening 
This faculty enables them to perceiv nd urination in degraded visual 
displays much easier than in degraded audio presentations. By the same 
token, however, the eye is more critical of degradation than is the ear. 
An example is a group of untrained observers viewing «i television pic¬ 
ture. They will, if asked, easily point at most of the defects in the 
picture. Some training in understanding what phenomena arc considered 
defects will enable the same group tv acore even higher Each individ¬ 
ual's subjective evaluation of whether the defect is objectionable will 
vary quite widely but generally there wi.'I be little disagreement as to 
what picture information has been degraded. Thia is contrary to the 
audio case where it seems that long training enables a person to gather 
more information from the sound as well as to recognize more defects. 

In the radar case the operator is not required to accept the dis¬ 
play as he initially observes it, but instead, the characteristics of the 
radar system can be changed in many ways to affect the information con¬ 
tent of the CRT. This is probably the primary reason that a pronounced 
’.earning effect is noted for radar operators 

Z 3. 3. Acceptability Criteria for Televisión Type Displays 

A study of the viewer reaction to the effects uf several inter¬ 
fering signals on video displays was conducted by the Television 
Allocations Study Organization (TASO)?* Observers assessed the quality 
of a standard stationary scene which was subjected to interference at 
various levels of signal -tu-inte rferenc e ratio. The interfering signals 
umed were: (I) upper adjacent channel s.gnals; (2) lower adjacent channel 
signals, (3) cochannel signals, and (4) random noise. These were im¬ 
pressed separately onto the desired signal in varying degrees to deter¬ 
mine the .evels of interference that the observer would rate as excellent, 
fine, passable, marginal, inferior and unusable. These tests resulted 
in a great deal of information which cannot easily be summarized. They 
are best reported by giving values which represent the concurrence of 
757« of the viewers 
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For upper adjacent channel interference the signal-to-interfer-
ence ratio, which 75% of the viewers considered to Rive a just passable 
picture, was -22 db. In other words, the interference had to be 22 db 
above the desired signal to degrad« .t to the passable level. The same 
figures were found to apply to the lower adjacent channel case. 

A number of tests were conducted for the cochannel signal case. 
Six different carrier off-set frequencies were used; b04, 9985, and 
I 9, 995 c ps . which had previously been found to give very detrimental re-
sults. and 360, lO.OlO and 20.020 < ps which had been found to be more 
acceptable. 

The picture was judged passable by 75% of the viewers when the 
interfering signal was 24 db below the desired signal for 360 cps offset. 
47 db below for 604 cp* offset. 26 db below for 9985 cps offset. 19. 5 db 
below for ’0,010 cps offset, 28db below for 19,995 cps offset, and 20db 
below for 20, 020 cps offset. 

When random noise wan used as the undesired signal, 75% of the 
viewers rated the picture as passable when the noise was 30 db below the 
desired signal. 

These results were conducted under situations especially appli¬ 
cable to a broadcast television n tuât on and therefore the figures cannot 
be blindly applied to situations that are not similar. There should be. 
however, many cases in which they can be used as a guide. 

2. 3. 3. 2 Acceptability Criteria for Radar Type Displays 

In discussing signal acceptability criteria for radars, it should 
be noted that thia section is concerned only with cases where a human 
operator is required to detect signals in the presence of interference and 
noise. 7'® It is becoming increasingly common for the actual detection and 
tracking of radar targets to be accomplished by automatic data processing 
systems so that human criteria no longer apply. When this is the case, 
the criteria discussed in Section 3 of this Chapter should be used. The 
primary present-day use of a human in radar operations is in accomplish¬ 
ing the initial detection of a target on a PPI display from a search radar 
and following the target until an automatic tracking radar locks on to it or 
some other appropriate action is taken For air traffic control or GCA 
the lock-on step is not presently taken and the operator is required to 
follow the target as long as required. 

When used for initial target detection, the search radar mustd.s-
play the target on its PPI at the maximum detection range and with a min-
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irnum false alarm probability In target tracking with a search radar, the 
Cight path of the target is plotted or recorded at frequent intervals In 
both cases the target to be detected or tracked consist« of a spot, blip or 
dot on the PPI. 

Interference to a search radar from another pulsed RF system 
such Jr a second search radar i« displayed as dots on the PPI with one dot 
for each interference pulse. These interference dots are, in general, 
very similar, both m size and shape, to the echoes from aircraft and 
hence, can cause considerable degradation of performance of the radar 
system by inc, reasir.g the time needed for initial target detection or making 
target tracking more difficult. 

The relative pulse repetition frequenc.es of the two radars affect 
the pattern of the received PPI display This pattern can vary from cir¬ 
cles and spirals to straight lines and dots uniformly distributee over the 
PPI. They can vary from stationary patterns to patterns which rotate in 
a clockwise or counterclockwise direction on the PPL Drawings show¬ 
ing typical patterns caused by interference between radars are shown in 
Figures 1 -3 and 1 -4. 

Figure 1-3. PPI Presentation Showing Typical 
Pattern Caused By Interference Between Radars 
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Figure 1-4 PPI Presentation Showing Another Typical 
Pattern Caused By Interference Between Radars 

Detectability is that property oí a target on a radar indicator 
which enables it to be seen by an operator.’ It is a function not only of the 
signal-to-noise or interference ratio at the input to the radar, but also 
the following factors 

a. Video gain ui the PPI system. 
b. Bias of the signal grid of the CRT. 
c. Use of video signal clipping 
d. Type oí viewing screen. 
e. Target position on the viewing screen. 
f. Pulse repetition frequency. 
g. Sweep length 
h. Pulse length. 
i. Antenna rotation rate 

From this hat. it can be seen that the detectability of targets on 
a given radar will be a very marked function of the skill and experience 
of the operator. He must learn, from experience, the proper adjustments 
required to maintain adequate detectability in the presence of interference 
and noise. The quality of the operator is probably more important in the 
radar case than in any other system discussed in this chapter It is be¬ 
cause oí this fact, and also because the target echoes vary widely in 

1- ¡8 



strength for a Riven range, that it >8 very difficult tc formulate appropri¬ 
ate acceptability criteria for radar signals 

In genera., the operator must adjust the video Rain and the bias 
nf the signal grid (these affect the contrant and brightness of the display, 
respectively) for the best target visibility under interference conditions. 
In some cases, it will be possible to make adjustment* which will greatly 
reduce the effects of some types of inte ríe rene e, but in others, no com¬ 
bination of the controls will be particularly helpful. 

It has been found that detectability is a maximum in the area 
midway between the center and edge of the screen (middle annulus). If 
the interference clutters the edge of the screen more than the middle 
annulus, then its effect or. detectability will be higher than would be ex¬ 
pected from other considerations. 

Fundamental or harmonic adjacent channel interference from 
another radar presents an effect of randomly varying dashes of light 
which dance over the face of a PPI. These dashes are commonly called 
rabbits. Most good operators can read through this effect unless it be¬ 
comes very bad, in which case, they may attempt to readjust various 
parameters of the radar system to reduce it. In maxing these adjust¬ 
ments, it is likely that the sensitivity of the radar will be inadvertently 
reduced and. therefore, detec lability will be reduced. 

Criteria which have been used in the past for radar performance, 
but which are known to have many shortcomings, are the following: 

ï“ > + 5 db then RFI is improba hl e ( I -1 ) 

S 
- 5 db * <+5db then RFI is ma rginal (1-2) 

-7777- * - 5 db then RFI is probable ( I - Î) 
N ♦ I 

where: 
S s target signal 
N = radar system noise 
I = external interference 

Unfortunately, because of the factors prev.ously discussed and 
the security classification of pertinent studies, the above criteria is the 
only one presently used. 
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X SYSTEMS INVOLVING MACHINE PROCESSING 
OF THE FINAL DATA 

Ab mentioned above, the determination of signal acceptability 
criteria for data that is processed by a machine ib considerably different 
from the criteria used when the data is processed by a human receptor. 
In most cases, the human is superior to the machine in making decisions 
regarding information that has been degraded by interference. This is 
because of the ability of a properly trained person to interpolate and ex¬ 
trapolate when data is missing. While this is generally true, in cases 
where high speed data processing systems of either the analog or digital 
type are used, the machine may be considerably superior to the human 
because data is transferred at too rapid a rate to be comprehended and 
acted upon by a human receptor. This applies especially if autocorre¬ 
lation, c rosscorrelation or error detecting and correcting techniques are 
employed since certain machines can perform these operations at a far 
greater rate than could a human. Another example where the machine is 
superior to a human, involves the extensive processing of the received 
data after the event under consideration has taken place; that is, where 
processes equivalent to long integration times are used. Under these 
conditions, the machine can process and reprocess the data and detect 
information so far below the no se level that it could never be detected 
by a human. A classic example is in connection with the first radar 
contact with Venus in which the returned signal was processed a year 
before it could definitely be stated that the contact had been made. Human 
observation of the returned signa) revealed only noise, regardless of the 
conditions of observation. 

3.1 GENERAL 

In almost all systems involving mu' bine processing of the final 
data, it is in digital rather than analog form. It is nut impossible that 
analog information < ould be mac hine processed but. generally, digital 
technique s are used. What might be considered an ex< eption to this 
statement is in facsimile transmission where the picture information is 
transmitted by ar. amplitude modulated 400 cps puise train. Even here, 
these pulses might be considered digital in nature for the purpose of in¬ 
terference considérations 

With very few exceptions, machine data processing is based on 
a fixed threshold for activation; that is, the voltage level required to 
activate the device is unchanged with time and signal level. In many 
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cases, an automatic gain control is incorporated to insure that, within 
reasonable limits, the signal level into the threshold device will be con¬ 
stant but aside from this no provision is built in to take into account 
noise or interference. Since this type of system is the one in use, at 
present, it will he discussed in detail below. 

Another type of machine processor is possible and much atten¬ 
tion is being given to designs which would allow it to be implemented. 
This system would have an adaptive threshold so that in the event of 
moderate interference, its threshold could be increased and the effect 
of the interference reduced Some systems in use today might be said 
to be approaching this type of performance, but the generalized adaptive 
machine has not yet been fully developed. If such a device or one ap¬ 
proaching its characteristic a should be encountr red, then the signal ac¬ 
ceptability criteria for it would have to be specially measured. It would 
be expected that, in some respects, this machine would operate similar 
to a human. 

3 2 INTERFERENCE TO DIGITAL DATA COMMUNICATIONS SYSTEMS 

One of the more important forms of communications systems, 
especially as regards future applications, is that involving the trans -
mission of digital data over radio links Interference problems must be 
considered very carefully in this case ;1 large transmission errors are 
not to result. As with other forms oí communications, the basic problem 
in digital communication is that cf carrying information from one point 
to another In this case, however, the information is of a special sort in 
that only certain discrete forms of the various possible me g gage » are 
used Such messages are made up of collections of symbols each one of 
which is selected from a finite alphabet of symbols Since such a message 
would seem to be simpler to discern at the receiver than one which could 
assume infinitely many values digital communication would appear to be 
simpler than say. voice or television transmission To a certain extent 
this is true, however, certain complicating factors arise in practice 

First, the usual speech or television signals are already highly 
redundant by the time that they are presented to the communication 
channel. This means that some of the difficulties of transmission can be 
ignored because the person listening to the speech or watching the tele¬ 
vision picture can take over the task of interpolating whenever the System 
falters or is interfered with momentarily On the other hand, with digi¬ 
tal messages, it is often found that this inherent redundancy is missing 
The message frequently does not represent the normally redundant speech 
found on voice connections, but rather some seemingly random collection 
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of symbols Thia fact makes it necessary to provide some other way of 
dealing with transmission difficulties and interference problems. 

Secund, largely because of the redundancy present in must non-
digital materia, the actual ratio of information transfer attempted is not 
such as tu push the capacity of the communication channel On the other 
hand since digital material is often not so redundant, the channel is 
stretched considerably further Ah an illustration of this it has been 
estimated that the information rate used in voice transmission does not 
exceed fifty bits per second In comparison, a digital data transmission 
rate of a thousand Ms per secund in the same channel is common and thin 
has been pusned to much higher rates in special cases 

A third complication, somewhat related to the first one. is that no 
reasonable counterpart uf the human receiver is present in many data 
cases Thus, whatever cleverness may be necessary to obtain a reason¬ 
able copy of the received message must be provided in the form of hard¬ 
ware For all but the simplest cases, the provision of such built-in in¬ 
genuity is quite complex and consequently costly. 

3.2 1 USE OF FREQUENCY .MODULATION FOR DIGITAL DATA 

A system which yields nearly the simplest modulation and demod¬ 
ulation equipment is frequency modulation In this case, the two binary 
stales are represented by two different frequencies. Binary signals rep¬ 
resented in this way are usually detected by using two frequency tuned 
sections, one tuned to each of the two bit frequencies The demodulated 
signals are then averaged over the duration of a bit and the results com¬ 
pared in order to decide which binary state is present Such a system is 
somewhat less sensitive to most of the interference forms which exist 
than are other systems 

3. 2 2 DIGITAL ERRORS DUE TO INTERFERENCE 

As has been previously mentioned, digitai communications must 
be more carefully protected from error than must some other forms of 
communication Therefore, more careful consideration is generally 
given to the subject of accuracy than is the case with other systems Of 
prime importance in any discussion about error control is the form of 
the interfering signal which may cause the errors Generally speaking, 
noise m the digital communication field is divided into two categories. 
(1) white noise, and (2) impulse noise. Of course, both of these are band 
limited in real channels White noise is characterized by a flat frequen¬ 
cy spectrum with equa! contributions from all frequencies and with vari -
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Ous components having random phases For calculation purposes, it is 
generally sufficient to know only its average power and that the noise ir 

"white.” In this discussion, it is assumed that the proper system de¬ 
sign techniques have been used in laying out the system and that the 
presence of system noise has been reduced to the po.r.t where it will not 
contribute any errors. However, there are many cases where the inter¬ 
ference caused by an undesired signal can he assumed to be very closely 
approximated by assuming that its effect is the same as white noise and 
calculations can be made on this basis 

The term impulse noise is not nearly so definite Conceptually, 
impulse noise is made up of a collection of randomly sized impulses, 
however, by convention, impulse noise has come to mean the noise which 
reaches the receiver as a result of the presence of various short dis¬ 
turbances in the communication path (The effect of several radar sig-
nais of various strengths interfering with a microwave digital link would 
be an example of impulse noise. ) 

Since the approximate statistical form of interference which can 
be approximated by white noise is known, its ideal effect on digital commu¬ 
nications is fairly simple to compute On the other hand, a similarly ac¬ 
curate description of impulse interference is not yet available. This is 
partially because not as much data have been taken on it but it is probably 
more attributable to the way most interference is categorized The re¬ 
sult of this is that accurate statistical descriptions of impulse interfer¬ 
ence are not available and even when they become so. they will be diffi¬ 
cult to use 

Even though accurate descriptions are not available, a number of 
interesting and useful facts are known about impulse interference bursts 
In the first place, they have very low average power on the whole Second, 
the interference will be correlated with itself over a time, at least on the 
order of the reciprocal of the bandwidth, and often for considerably longer 
than this. Finally, and most important in regard to radar interference 
in microwave digital links, the peak interference will often have very 
large values when it occurs so that errors are very likely to appear at 
that time, no matter how good the filtering and detection process. 

One of the more standard methods of protecting a digital infor 
mation channel against errors caused by interfering signals involves the 
insertion of redundant digits These digits are added with certain con¬ 
straints placed on the possible sequences which may appear in the encoded 
message Since these constraints are known at the receiver, it is possible 
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to determine there whether a certain class of errors has occurred in 
transmission This class of errors may be made as broad as desired, 
provided a suitable encoding scheme is used In practice, oí course, an 
attempt is made to make thia class similar to that which is caused by the 
interference in the channel By suitably designing a detecting scheme, it 
is possible not only to detect an error but to correct it Such processes 
require more and more additional redundant digits as the scope oí the 
check improves Error detection and correction systems, in general, are 
obtained only for ar. exorbitant investment m circuit complexity. Error 
correction systems are often completely out of the question because of the 
presence of long bursts of errors. Thus there is a tendency in the digital 
communication field to provide error detection of a very high order and to 
correct the errors by retransmission of the message The implication 
that can be drawn from this philosophy is that impulsive interference which 
can be very damaging to a digital transmission will be costly from the 
standpoint of the operator of the communication system since revenue will 
be lost for ail the time that the system was being interfered with 

3 3 ACCEPTABILITY CRITERIA FOR AUTOMATIC SYSTEMS 

For coded transmission such as telegraph, teletype, facsimile, 
digital data and other such systems, the criterion for acceptable perform¬ 
ance is that the interference should not be greater than a certain recogni¬ 
tion level which is set by the nature of the system. In manually operated 
systems, the signa! must at least equal or exceed the noise on a peak 
basis, but for automatic systems, the signal must usually be somewhat 
higher. 

3 3 1 DIGITAL SYSTEMS 

The nature of the output must be considered in detail to obtain an 
acceptance ratio iur a digital data transmission system The data output 
usually consists of sharp changes from one level to another level. One of 
these levels often is zero The responder must de< ide at any given mo¬ 
ment which of these two level* is present and then act in a way predeter¬ 
mined for this level Anyth.ng that Confuses the clear-cut decision of the 
device can cause an error Recognition level :s defined as that level above 
uhiuh the responder acts as tnuugn the higher ievel were present and below 
which the response characteristic of the lower level is obtained This rec ¬ 
ognition level may differ for different types . I eq ipment consequently, it 
is not wise to arbitrar ly assign a value to t Nevertheless. in order t 
get some figures the relative value of one-half shall be assigned to it 
This imp Hes that anyth.ng that produces an average output leve! of over 

i -?4 



one-half of what the normal high level signal would produce, will actuate 
the responder in the same way that a high level signal would. Conversely, 
anything which produces an output level which averages below one-half of 
this reference level will cause the responder to act as though zero level 
were applied to it. Though it has not been explicitly stated, the averaging 
time is about the length of the period of the usual digital pulse. In most 
practical systems the device which provides the recognition level will have 
some hysteresis associated with it and, therefore, if an input has a value 
of exactly one-half the output of the device will depend on the previous 
characters From thia, it can be seen that the acceptance ratio must be 
greater than one-half by the amount of the hysteresis and that the signal -
to-interference ratio selected must use the peak interference value when 
the acceptance ratio is computed For reliable commercial operation, a 
signal about 10 dh above the acceptance ratio should be the minimum al¬ 
lowed. 

TELETYPE SYSTEMS 3. 3. 2 

When synchronization is involved as in automatic teletype sys¬ 
tems, it is necessary for the signal to be well above the noise, loss of a 
character may result in loss of synchronization with consequent loss of 
many additional characters before synchronization is restored A con¬ 
servative value of 10 db on a peak basis has been chosen for a tolerable 
output signal-to-interference ratio. It is recognized that this will not 
necessarily hold for all systems and that it is well below what is aimed 
for commercially 

3. 3 3 FACSIMILE SYSTEMS 

Ln facsimile transmission, the dual requirements of no signifi¬ 
cant loss of either detail or synchronization demands a high output signal -
to-interference level. A value which has been chosen somewhat arbitrar¬ 
ily is 10 db on an rms basis Commericial standards usually require even 
higher ratios then this 
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RFI PREDICTION CHAPTER 2 

1. INTMODUCTION 

l.l GENERAL 

This chapter deal» with a techni^ut for the prediction of radio 
frequency interference (RFI) between a transmitter - receiver (TX-RX) 
pair. In any method used to predict RFI. there are certain basic varia¬ 
bles whose related contributions must be determined and their use defined. 
A graphical illustration oí the parameters involved arc shown in Figure 2-1. 

Figure 2-1 shows the basic parameters involved in RFI prediction 
which indicates the gain and attenuation that a desired and undesired signal 
undergo in reaching the input of a receiver. Ln essence. Figure 2-1 is a 
presentation of the one-way transmission equation (for frequencies above 
50 me) where the signal at the receiver, whether it be desired or undesired, 
is given by the following expression: 

1 C . TH 1 R

or (4"d) ÿ Lt  Lr p A (2-1) 

where *TR = P°wer within the RX bandw.dth 

G^. = gain of TX antenna 

G^ = gain of RX antenna 

X = wavelength 

c a distance between TX and RX 

L^. * TX line loss 

Lr « RX line loss 

A » propagation factor for other than free space 
line-oi - s ight 

p - loss due to polarization mismatch 

Ln the prediction process the ratio of signal to interference (S/l) 
must be determined so that it can be compared to some signal accepta¬ 
bility criteria peculiar to the receiver Figure 2-2 represents a typical 
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Figur? 2-1. Graph cal Illustration of Basic 
Interference Parameters 

physical case of a desired microwave link IX. -RX and a possible inter¬ 
fering transmitter TX?. In this case, the desired signal level at the re¬ 
ceiver is easily computed or measured since all parameters are known. 
Power output of the transmitter TX :. gain of the TXj and RX antennas 
are known, polarization is established, propagation path is optimized for 
free space and line-of-sight, line losses are negligible, and separation 
distance between TX^ and RX is set so that the signal level "S" is such 
that a satisfactory level is achieved in terms of signal acceptability. It 
is, therefore, the interference signal "I" that must be predicted and com 
pared to the signal at the receiver. 



A discussion is provided in Sections Z. 3, 4. and 5 of this chap¬ 
ter, of the various parameters involved in Ri I prediction. Section Z dis¬ 
cusses the various types” of interfering power; fundamental and harmonic 
cochannel as well as fundamenta. and harmonic adjacent channel. Section 
3 discusses antenna characteristics including gain, patterns, polarization, 
ofi-axis pointing, and line lesses. Section 4 provides a discussion on 
various propagation situations including free space radio line-of-sight, 
diffraction, reflection, beyond radio horizon, and terrain effects for use 
in the prediction. Finally, in Section S, a prediction model is discussed 
indicating the step by step procedure for predicting interference. 

A Typical Interfering Situation 

1.2 SELECTION OF CULPRIT TRANSMUTED 

Sections Z, 3, 4, and 5 concern themselves with the treatment 
oi RFI prediction. However, prior to this effort it is necessary to decide 
which types of transmitter equipments represent culprit interference 
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situations. For example, if one is interested in computing interference 
to a microwave receiver operating in the common carrier band 3700-
4200 me, a decision must be made a» ’o what equipments operating in 
the vicinity of the receiver arc to be included for RFI prediction. Ob¬ 
viously, one would consider all transmitters operating in the band, as 
would be the case of other microwave systems and possibly some radars. 
In addition, radars with high peak powers, although not in the band of 
interest, could have harmonic or sideband components which would cause 
interference. Therefore, raaars operating m the following ranges would 
certainly be of interest since they are harmonically related to the band 
of interest: 

500 - 600 me 

600 - 700 me 

7 40 - 840 me 

925 - 1050 me 

1233 - 1400 me 

18 50 - 2100 me 

With this information as a background, a "census" of equipments can now 
be made (Section 6.2 of Chapter 2, Volume I provides details on the pro¬ 
cedures for conducting such a census. ) The data necessary for an RFI pre¬ 
diction is then collected in some standard format peculiar to the interfer¬ 
ence situation being examined. Figure 2-3 represents a typical form that 
might be used in collecting information which pertains to the location and 
operating characteristics of a possible interfering transmitter. Figure 2-4 
shows a more detailed form that could be used if measured data were avail¬ 
able. and it would be used to supplement the local characteristic data shown 
tn Figure 2-3, 

X DETERMINING POWER WITHIN RECEIVER BANDWIDTH 

2.1 GENERAL 

The prediction procès» requires considerable knowledge of the 
nature and level of the power normally associated with various types of 
emitters. Communication transmitters normally provide fundamental 
power outputs in the range of 100 rrw to 50 kw. radars are normally found 
with power outputs of 100 kw to 10 megawatts or higher, and microwave 
relay transmitters are usually low power emitters of 10 mw to 10 watts. 
Therefore, as a whole, the RFI prediction engineer must deal with emitted 
fundamental power levels of 0 to ICO dbm. This represents the range of 
fundamental power levels for which fundamental cochannel interference 
would need to be computed. Cochannel interference is only one of many 
types of interference that must be considered and is defined as being the 
case in which the power of a transmitter is centered about the tuned fre¬ 
quency of the receiver. Another type of interference of significance is 
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Polarization U«e<ä:_Antenna Gain:_db 

Operational Peak Power:__ _ __ 

Pulse W idth :_ 

PR F :_ 

Distance From Radar to___Site:_miles. 

Remarks : 

Figure 2 3. Radar Loca. Ooerating Character. Stic s 
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Figure 2-4a. Coninmnicatniti-Fie«. t-one Detailed Characteristics Sheet 
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Figure 2-4b. Reverse Side of Comme n.t at ion - Elect ronic Detailed 
Characteristic« Sheet 
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adjacent channel interference caused by the fundamental sideband power 
overlapping the receiver response. Additional cases of cochannel and 
adjacent channel interferem e can result from the generation of harmonic 
frequencies of the transmitid Finally, another source of interfering 
power may occur as the result of spurious frequencies, other than har¬ 
monics. peculiar to a particular transmitter or family of transmitter s. 
These spurious emissions may produce cochannel or adjacent channel 
frequency components in the passband of the receiver in question. The 
following sections will further elaborate on the various types of inter¬ 
fering power which may exist. 

2.2 FUNDAMENTAL COCHANNEL INTERFERING POWER 

As previously pointed out, cochannel interference occurs when 
an undeeired carrier falls in any portion of the channel required for re¬ 
ception of the desired signal Figure 2-5 represents the cochannel inter¬ 
fering situation. It is important to note, at this time, that the interfer¬ 
ing power is a function of receiver bandwidth B r as well as spectral power 
associated with the interfering transmitter. Ln the radar situation, for 
example, approximately ninety percent of the transmitter power is located 
within the first frequency tero crossings of the power spectrum The 
first zero crossing of a pulsed radar transmitter occurs at fc A 1/t; there¬ 
fore. ninety percent of the power is concentrated within a transmitter 
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bandwidth defined by Z/" The term * represents pulse width and fc is the 
center frequency of the interfering radar tr a.¡emitter. Figure 2-6 is rep¬ 
resentative of the power spectra for a pulsed radar. Therefore when the 
receiver bandwidth Br a Z/T, it can be assumed that all the available trans¬ 
mitter power falls within the receiver '.»and width Available interfering 
transmitter power is expressed as 10 logj^Py where Py is the peak 
power of the interfering radar transmitter. In some instances, the band¬ 
width of the receiver may be leas than 2 . The amount of power enter¬ 
ing Uie cochannel receiver is now i fonction of both the transmitter and 
receiver bandwidths. therefore, the a /.«liable interfering power entering 
the receiver Pyp is a function of the ratio of the transmitter to receiver 
bandwidth such that: 

PTR • PT fe r/4l/T)l. .5 T Br PT U-2») 

10 Log, 0 P • 10 Log 10 (P B r ^2/T I (2-Zb) 

« 10 Log 10 F » 10 Lx>g :o (O.S ’fH 

10 l.og,o PTR < 10Ug ie P.f (2-3) 

Figure 2-6. Power Spectra for a Pulsed Radar 

It should be pointed out that receiver mmc «-ptibility characteristics deter¬ 
mine the interfering frequencies lor which Rb I predictions should be made, 
particularly when one is dealing with the full power of an interfering trans¬ 
mitter. It is not enough to consider only the tuning band of the receiver 
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but aleo the unage response as well as any other spurious responses out¬ 
side the tuning band. This data is usually not available and must be ob¬ 
tained by direct measurements. 

2 3 HARMONIC COCHANNEL INTERFERING POWER 

The case of fundamental cochannel interference is easily and 
accurately predictable. Unfortunately. transmitters do yield spurious 
outputs of which harmonics represent one group of major interference 
culprits This is particularly true of radar transmitters having high 
peak powers. These frequently give rise to harmonic levels of suffici¬ 
ent magnitude to cause serious interference situations, particularly to 
microwave communications systems ’n general, die case of harmonic 
cochannel interference is of considerably greater interest and concern 
than the fundamental cochannel situation, since various controls and 
regulations exist to protect again»! fundamental cochannel operation, 
while regulations for the suppression of harmonics do not exist 

The generation of harmonic frequencies is usually attributed to 
non-linearities m the power amplifying sections of a transmitter and 
particularly the final stage Measured data of the true harmonic level 
is generally not available The DOD spectrum signature program has 
as one of its objectives the gathering of data on harmonic levels When¬ 
ever measured data is available, it should be used, since it is in the form 
of effective radiated power (£RF) which accounts for the effect of the an¬ 
tenna gain which is not usually predictable at harmonic frequencies Un¬ 
fortunately. since this data is not available, some empirical means must 
b* used in calculating the harmonic levels. Some work performed by a 
variety of researchers indicates that a conservative calculation on har¬ 
monic levels can be computed using the following expression. 

10 Loco PTN - 10 I 'i:. p.r - [so * 6N 

^TN “ power at th harmonic 

Py = peak fundamental power 

N = harmonic number 

50 4 6N = harmonic loss 

(2-4) 
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For example, the third harmonic power level would be 5¿ db down from 
the peak fundamental power level. In the case of a I megawatt trans¬ 
mitter. the peak power level delivered to the antenna is 90 dbm. Con¬ 
sidering the third harmonic as being 52 db down, the harmonic power 
delivered to the antenna is 38 dbm. a rather appreciable power level to 
deal wnth in RFI prediction. 

When considering the harmonic output of a transmitter. Equation 
2-4 holds when the bandwidth of the receiver B r > 2/t When the band¬ 
width of the receiver < 2/r . then the received power is a function of 
the ratio of the transmitter bandwidth to receiver bandwidth Therefore 
the power within the receiver bandwidth Pyp is given by the following 
express ion : 

IOLog ;o PTR = 10 Log.o PT - [iO + 6Nj + 10 Log., (0.5N ’B^) (2-5) 

when B < —— 
r T 

So far. no mention has been made of the use of low pass filters 
for harmonic suppression. In general, most transmitters employ filter¬ 
ing either directly or indirectly. Indirect filtering may be likened to the 
case where impedance mismatch between transmitter and antenna is such 
that harmonics can not be supported. Direct filtering is, as in the case 
of radars, provided by output low pass filters between the transmitter and 
the antenna. In the past, harmonic filters capable of handling large peak 
powers were only effective to a limited extent, but recent advances in 
filter design provide considerably more effective filtering with relatively 
high insertion loss at harmonics on the newer radars. It is important to 
recognize that the characteristics of these filters are usually good to the 
fourth harmonic but beyond that they may be relatively poor. Therefore, 
it is not uncommon to find second, third, and fourth harmonic levels 
lower than the fifth, sixth, or even the seventh harmonic. Where filter 
data is available, it should be used. Equation 2-4, when filter data 
available, car then be expressed as follows 

10 P„ N 5 io Log,, PT - [so ♦ 6n] - I. (2-6) 

L.p insertion less of the filter in db 
al the frequency of interest 
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Similarly, Equation 2-5 would be modified by the term Lp. 

2.4 ADJACENT CHANNEL INTERFERING POWER 

Thia section provides a discussion of the spectral content oí cer¬ 
tain signals important from an interference point of view. Pulsed car¬ 
riers such as those used in radar systems are particularly important for 
two basic reasons. First, the spectral composition of the signal is 
broadband in nature due to the rather abrupt changes in power level in¬ 
herent in a pulsed system. Second, the peak power of the system is 
very high and the Sideband components, even at a large frequency separa¬ 
tion from the carrier, still contain an appreciable amount of energy and 
are thus possible interference sources. 

The term adjacent channel interference is used to describe the 
situation where the modulation sideband power of a signal falls within the 
receiver bandwidth and creates interference. The modulation sideband 
may be centered around th«: fundamental or any of the harmonics Funda¬ 
mental adjacent channel interference may be very serious, however, har¬ 
monic adjacent channel interference is generally of insufficient level to 
be of concern. 

The technique used to determine the power falling within the re¬ 
ceiver bandwidth is to integrate the spectral power density over the band¬ 
width of the receiver. This yields the total interference power received 
from that source. Ar. adjacent channel interference situation is illustrated 
in Figure 2-7. The power falling within the receiver passband is thus 
given by 

PTR ’ / HOA(f)di (2-7) 

where: P(f) s power spectral density 

A( fj - receiver response function 

For most receivers and a reasonably large frequency difference. l r - t t 

between the transnuf-t r car r .c r fc . and the rec civer center f requeue y . 
IP. the abcvc expression may be approximated b\ 

Ftr = P«r) • Br (2-8) 
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Figure 2-7. Adjacent Channel Interference 
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The calculation oí the adjacent channel interference is thus ap¬ 
proximated by the «imple product. The receiver bandwidth. B_, is 
generally known The same technique may also be used for receiver 
image responses and other receiver spurious responses. The determina¬ 
tion of P ( Í r ). the spectral power density of the pulsed s.gnal is not so 
simple and will be discussed in the following paragraphs. 

The spectra, power density oí a particular radar pulse may beet 
be determined experimentally. In most cases, it is desirable to have 
available some technique for estimating it The power spectrum of a 
pulse may be determined mathematically from its time function y (t). The 
time function to be < otisidtred here is shown in Figure 2-8. " * " is de¬ 
fined as the pulse width at the points t r is the û-100% rise time and 
is also the 10C-0% fall time K is a convenient parameter defined as the 
ratio of t r to i . It is useful to note that as K approaches 0, the pulse 
shape becomes rectangular. and as K approaches 1, the pulse becomes 
cosine squared in shape. These special rases are Rhnwn in Figure 2-0 
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or. »n terms of frequency, 

(2-12) 

The energy distribution of the pulse is proportional to the square 
of the absolute value of the voltage distribution; i.e. , from equation 2-12 

CW|i| « |v(0p 

r [ T F [5in ’ Í U + K) + em ” T f ( 1 - K|l ? watt - sec . , , . L 2 J L p' . (¡K r 1)^-J - m" ,2 -' !

where C is an arbitrary constant yet to be determined. The total energy 
within the pulse must be the same in both the frequency domain and the 
time domain. Thus, 

j I V(i|pdf nj [»(«>]’ dt = CW( (2-1 

where W t is the total energy within the puls*-. Carrying out the second 
integration in Equation ¿-14 gives 

CW t = —■ K) (2-15) 

The average power dur.ng the pulse is equal to the total energy of the 
pulse divided by the total pulse duration + t r). Then 

W. W t V ?
’ = 1 - t = v rn 
av* ' ♦ t r T(l ♦ K) ’ 4C 

(4 - K) 

d * K) 
(2-16) 

Ln the case ot the rectangular pulse, 
is equal to the peak pulse power P . 
gives 

the average power during the pulse 
Inserting K=0 into Equation 2-16 

(2-17) 
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Substituting this value oí Vm  into Equation 2-13 gives the energy 
distribution in terms of peak power, Py 

▼ 2 Pj f «in f ( 1 4 K) 4 sin - * f ( 1 • K )1 watt -sec 
“I 1 I * " í [l - (2K " fpj J me 

The spectral response oí the average power during the pulse is 
equal to the spectral response oí the energy contained within the pulse 
divided by the total pulse duration * + t_. or 

P(fl • rrr ' , I /'./L. w«tt»/mc (2 19) 
T T ty I I ’ *V> 

Then from Equation ¿«18 

? 
s ’ PT r sin Í ( 1 t KH Rin "J f ( I - K) i watts (2-20) 

«I ♦ K) L ~ f N - UK • J me 

For the case where the voltage pulse is used io modulate a 
carrier oí frequency fc, the entire spectrum is shifted so that it is 
centered about the carrier frequency. Thun, Equation 2-20 may be 
rewritten as 

Pt f) s T PT r sin p T ¿ 1 (I i K) i sin r ▼ ¿ f ( | ~ K) 1 watte (2-21) 
4 ( 1 + K) [ - ft! p - (2K ’ a nq J me 

where if = f - ff

The average power during the pulse contained within a bandwidth 
Br centered at a frequency fr is 

fr 4 Br/2 'r * Dr/2 a

VLr\ JI I ' Pt [sin ’ Ú f CO8 n ' K - Í 1 
PTR J J ( I + K) I n T Af [1 . (ZKran’l- ) 

(. - B r/2 f r . R r/2 L

A simpler and more useful expression for PF1 purposes is ob¬ 
tained by taking the envelope of the integrand in Equation 2-16. This 
envelope may be approximated as follows 



for K • ò f « I, P( f) « T

1 + K (2-23) 

io r K • Û Í » 1, P( Í) = T PT 
I ♦ K 

(2-24) 

The case where K r âí « I „( |„ tle intere.» here because .1 » the co¬ 
channel rather than the adjacent channel cate and i. d,ecu..rd ,n 
Section ¿. ¿. The second caer 1. e. . (or Kt ¿(»1 , is of prime impur-
tance for the adjacent channel interference situation and must be con« 
Hidered further. Consider.ng only the envelope of the spectral power 
density, Equation 2-22 becomes 

_1 
( 16 ~ 3 K* -”) ( f - f )e (2-25) 

c 
Ji - n /2 
r r 

If the term ûir is defined as (fr - fc ), Equation 2-17 becomes 

P « -L 
TR 1 + K 

Th.« then verdie, and establishes the cond.t.ons under which the approxi¬ 
mation given in Equation is valid. Equation 2-27 may be put into a 
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slightly d-.fferent form and plotted for different values oí K to simplify the 
computation This form is given in Equation 2-28 and is plotted in Figure 
2-10. 

Pt R 
10 Log., (“, ) ’° Log,0(B r) .□ T P T

- 10 Log,0 [16- s K* t* £(/ (ItKjj U-28) 

lr. this expression t has the units oí psec and both B r an-d Ú f r have the units 
of me. For an actual calculation of the effective transmitted power levei 
ir. the receiver bandwidth in dbm (db relative to I milliwatt), Equation ¿-29 
may be used for the fundamental adjacent case. 

10 Log w (PTR ) = 10 Log,0 (T PT ) ♦ 10 Log,„ (R r) 

- 10 Log,, [16 K* 4f r" (l+KJJ R-29) 

where: ^TR milliwatts 

T is in psec 

Py io in milliwatts 

Br is in me 

Û f i# in me 

The left side of the equation is in dbm. The last log expression on the 
right side is from Figure 2-10. 

It was mentioned earlier in this section that harmonic adjacent 
channel interference is rarely of sufficient level to be of concern It is. 

addition, very difficult to calculate the shape of the spectrum because, 
general, the nature of the non-linearity creating the harmonic is not 

known In the absence of other data, the effective transmitted power level 
m the receiver bandwidth for the nth harmonic is given by: 

10 Log,., (Prjj) ‘ - 40 - 4N * 10 Log. c (rPy) ♦ 10 Log io (B r) 

- 10 Log,. [16 K* (’6 fr>' (l*K)j U-30) 

The last term in Equation 2-30 may be determined from the graph 
(Figure 2-10). 
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In Figure 2-19. a form is provided to facilitate the actual com¬ 
putation required in both Equation 2-2« and Equation 2-30. 

2 5 TRANSMITTER SPURIOUS EMISSIONS 

The previous discussions concerned types of interfering power 
which are easily predictable or can be empirically determined fha rmonics) 
Another type oí inte rie r ing power is tint of spurious emits ions (other than 
harmonics) occurring at the receiver tuned frequency which would also 
cause interference Consideration of this type of power in RFI prediction 
will require measured data. The DOD spectrum signature program is 
accumulating such data at the Electronic Compatibility and Analysis Cen¬ 
ter (ECAC) at Annapolis, Maryland 

X ANTENNA CONSIDERATIONS AND LINE LOSSES 

3.1 ANTENNA GAIN 

3.1.1 INTRODUCTION 

Antenna gam of transmitters and receivers represent parameters 
of considerable importance in the RJF'I prediction process In the case of 
rada r and microwave applications, it is not uncommon to have antennas with 
gains as high as 45 db For example, in situations where predictions of 
interference from radars to microwave receivers are made and there is no 
oil-ax s pointing (both antennas looking at each other), a total gain of 70-90 
dL is possible, which tends to offset free-iipace propagation loss and en¬ 
hance the potential RFI situation It is. therefore, of particular interest 
to dscuss antenna gam and its calculation by a variety ol methods so that 
’he Ri I prediction engineer can select a means for computing gain in the 
absence of measured data Sections 3 I ¿ and 3. 1. 3 d scuts antenna gain 
at des.gn frequency and at harmonic it 

3. 1.2 APPROXIMATE METHODS FUR CALCULATING ANTENNA GAIN 

A great many methods of app rox ui. it ing antenra gain arc to be 
found n the literature, a few oi watch are presented here The partícula r 
method chosen will depend upon available nformation c seeming the an¬ 
tenna under considérât.on 

For large aperture type antenna u. s ich as horn fed reflectors, 
the ga.n is given approximately by 
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G (2-M) 

A - physical area ci the aperture or retlector 
P 

forreition (actor depending on the typ« of 
illumination in the horizontal direction 

? correction factor depending on the type of 
illumination in the vertical direction 

- uavelength 

k = correction factor which takes into account spill¬ 
over, imperfections in the reflector surface, etc. , 
and is usually taken to be about 0 55. 

The correction factors. h 
are shown below: 

Type of Dlumination 

Uniform 
Cosine 
Cosine Squared 
Cosine Cubed 
Cosine Fourth 

Correction Factor 

1.000 
0. 810 
0. 667 
0 575 
0. 51 5 

Although uniform illumination gives the highest antenna gain, ta¬ 
pered illumination is often used in practice for the purposes of side lobe 
level reduction. 

A second approximation for antennas with unidirectional pattern is 

where: Q , * - horizontal and vertical beam widths in 
radians at the half-power points 

(2-12) 
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beam area in {radians)9 at the hall-power points B * 

k * correction factor, usually taken to be between 
0. 5 and 1. 0. depending on the type of antenna 

The constant k arises because the power contained within the side 
lobes has been neglected. For antennaa with appreciable aide lobe levels, 
the smaller values of k should be used For radars, a value of k - 0. b to 
0.65 gives results generally accurate within two or thre* dL 

An approximation which gives fairly reliable results for those an¬ 
tennas with “do-nut" patterns, such as dipoles, loops, or broadside arrays, 
is 

U-n) 

where 9, is the beam width in degrees at tne Laif-power points As an 
example, consider a half-wave dipole with a beam width of 78* The 
above formula yields a gain of 1. 59 as compared to the true value of 1 64 

3. 1. 3 ANTENNA GAIN AT HARMONIC FREQUENCIES 

Antenna gams at spurious frequencies above the fundamental is 
an area in which reliable information is almost totally absent Neither 
experimental nor analytical data has been compiled to any great extent 
There are, however, several schools of thought on the matter, and these 
arc discussed below 

Measurements have been performed on a standard horn antenna 
at frequencies above the design value ♦ It was found that the gain remained 
fairly constant up through the 3rd harmonic Beyond this point, a sharp 
drop in gain was observed. Thus, on the basis of this Information, one 
might assume constant gain up through the 3rd harmonic and unity gam 
thereafter for aperture type antennas 

A second approximation for hon fed reflectors a obtained from 
the gam-effective area relationship. 

♦From a paper by E. Jacobs and O M Salat i presented at the Fifth Con¬ 
ference on Radio Interference Reduction and Electronic Compatibility. 
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r 4 " Aeff
*’ (2-34) 

where Aeff - the effective area of horn fed reflectors 

Assuming the area illuminated by the horn to remain constant, the gain 
varies ai the square of the ratio of the frequencies, i. e . 

G - G, (2-JSI I <e J 

where f and G pertain to the frequency of interest and fc and Go are the 
operating frequency and gam. Thu*, at the second harmonic, G = 4GC. 
or the gain at the second ha rm 'n . : .« approximately 6 db greater than 
at the fundamental 

It will be noted that the above theory yields unusually high gains 
at the higher harmonics A more commonly accepted theory is that the 
gain remains essentially constan* at the higher frequencies, the decreased 
wavelength being offset (at Iras’ qualitatively) by a decrease in the reflec¬ 
tor area illuminated. This assumption tails more into line with the ob¬ 
servations made by Jacobs and Salat, on the horn antenna 

Additional support for the assumption of unity gain above the 
third harmonic is found in the case of large radar reflectors Because 
of weight and wind resistance < or side rations. these reflectora aremeshed 
rather than solid At frequencies considerably above the fundamental, the 
wavelength approaches the dimensior s of the mesh openings In this situa¬ 
tion. much of the power radiated by the feed system penetrates the reflec-
tor, adding to the back lobe level. This, together wi 
phenomena, make the assumption of unity gain at the: 
unreasonable 

In summary, until reliable measured data ia 
course in assigning antenna gam at spurious frequenc 
for frequencies up to and including the third harmoni« 
remains constant, while above this point unity gain is 

3.2 POLARIZATION 

The loss of power between two antennas that 
ently may be termed the loss factor due to transmittc 
tion alignment. The fact that there exists such a lost 

th other scattering 
se frequencies not 

i available, the safest 
:ies is the following, 
c, the antenna gain 
i assumed 

are polarized diffcr-
ir-receiver polariza-
B is frequently used 
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to advantage in the reduction of interference. A table indicating the loss 
factor for various combinations of polarization is given as Figure 2-20 
of this chapter. This table is valuatie m the abeence oí measured data. 
The data given in the table is not appropriate for off-axis pointing (dis¬ 
cussed in the following paragraphs). For oif-axis pointing, it is more 
realistic, on the basis of typical data, to assume no polarization isolation, 
i e , a 0 db loss factor, in the absence oí other data. 

3 3 ANTENNA OFF-AXIS POINTING 

Another important consideration in the prediction of interference 
is that of off-axis pointing of the antennas, i. e , the fact that the azimuth 
and elevation angles between the two antennas may be such that one or 
both of the antennas are not in the main beam of the second antenna. In 
the prediction technique used in Section 5, the full gain c¿ both the anten¬ 
nas is used and a correction factor if applied to correct for both antennas' 
off-axis pointing. The correction factor is termed loss due to off-axis 
pointing and is normally expressed :r terms of db relative to the maximum 
gain. The geometry of an off-axis pointing situation is shown in Figure 
2-11 for the two dimensional case The composite anterwia gain for the 
situation depicted in Figure 2 -11 is G. (G 0. > ) G, ($a = 9a ). For the 
sake of convenience in the folio*.ng emu-usum the composite antenna gam 
will be designated Gt, with its maximum \Hiue, Gc (max ). Consider now 
the more general case of the three-dimensional problem Using the co¬ 
ordinate system establ.shec in Figure 2 12, the composite gain for the 
two sites, X and y, is: 
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Figure 2-12. Three Dimensional Antenna Pattern Considerations 
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The first two terms in Equation 2-38 are the maximum gaine of the two 
antennae expressed in db. The second two terms are defined as the off 
axis pointing losses for the antennas at aitei x and y, respectively. A 
closer examination of thio lose for site x shows that it is simply the 
antenna gain for antenna x in a direction (rom site x to site y. relative 
to its maximum gain. 

If antenna data is available, the calculation of tma loss is rela¬ 
tively simple. However generally data of sufficient de*aù is not availa¬ 
ble and it is necessary to estimate the .cis In Chapter 4. Section 
1. 1. 5 of Volume I, some typical data ur various types of antennas is 
given. For a parabolic reflector illuminated by a point source feed, the 
two dimensional pattern may be approximated as indicated in Figure 2-13 

Figure 2-13. Parabolic Antenna Pattern Considerations 
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3.4 TRANSMISSION LINE LOSSES 

In the typical RFI pi ediction situation, transmission line losses 
contribute very little to the outcome and may be neglected in many instan-
ceB - There are cases, however, where these losses may become signifi¬ 
cant, as in some microwave applications where fifty or one hundred feet 
of coaxial cable might be employed between antenna and receiver. In this 
case while coax losses may be negligible at the design frequency, they 
could become appreciable at the higher harmonics. In systems employing 
waveguide, such as radar, the attenuation below the cut-off frequency of 
the guide is such that spurious emissions in this region may, in most in¬ 
stances. be neglected entirely. 

Ln performing an RFI prediction, the line losses of both the trans¬ 
mitter and receiver should be known experimentally. If this data is not 
available, however, the following theoretical calculations will suffice (only 
coaxial cable and rectangular waveguide are considered here). 

Coaxial Cable (See Figure 2-14) 

The attenuation in db per font of cable length is 

/- (l/a*l/b) 
I. » (9x10'1 LoTJir/») db At 

where 

c. = C. - C. 8.854 X 10”^ (farad per meter) 
Hi s m. po = m> • I. 257 x 10 "* (henry per meter) 
i«; - = ma ■ 1.257 x 10 “ (henry per meter) 
°« « conductivity of the uavegjide or cable metal (mhos per 

meter 
C. « relative dielectric constant of insulator in waveguide 

or cable 
rnj = relative permeability of insulator in waveguide or cable 
ma = relative permeability of metal in waveguide or cable 
f = frequency in megacycles 
a, b are measured in inches 

See higure 2-16a and 2-l6b fi r typical attenuation values of coaxial cable. 
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a e 8 ’/ e»4 xi^ (MKS units) 

See page 2-2H for definition of symbols. 

f^ 3 cut-off frequency in megacycles 

f = operating frequency in megacycles 

a, b are measured in inches 

Figure Z-16a. Attenuation of Standard RF Cables vs. Frequency 
(See Figure 2-!6b fur dentification of curves) 
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The attenuation below cut-oíí is 

(2-43) 

Notice that a* f becomes appreciably lens than ic, the attenuation 
approaches a constant value of 

L * 0.0554 f db/ft (2-44) 

bee Figure 2-17 for a table of typical waveguide attenuation. 

See Figure 7-26. Chapter 7 this Volume, for measured data on 
RC-51/U waveguide near cutoff. 
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Jan Type RG-( )/U 

h REQUENCY 
ICC»- ' 

EIA 
DESIGNATION 

THEORET ICAu ATTENUATION 
LOWEST TO HIGHEST 3REQUENCY 

(DB/IU0 4 T. ) 

1 E jo MrH>K *R| ) BRASS ALUMINUM SILVER 

320 490 
350 - $10 
4IÜ- 625 
490 750 
640 960 
7S0 1 120 
950- I SOO 

i UQ. 1/00 
1 4S0 - i 200 
1 700 - 2 600 
2 ZOU J 100 
f 60U - 1 960 
1 100 - 4 90C 
3 950 - 5 850 
4 9UÜ 7 Ü5C 
5 SSO - 8 200 
7 OSO - 10 00 
8. 200 - 12 40 
10 00 ■ 15 00 
12. 40 - 18 ÜC 
1 5. 00 - 22 00 
1800 • 26 50 
22. 00 3) 00 
26 50 • 40 00 
33 00 - 50 00 
40 00 - 60 00 
SO.00 - 75 00 
60 CO - 9C 00 
75 00 - 110 00 
90.00 - 140 00 

110 00 • 1 70 00 
140.00 • 220 00 
170 CO - 260 00 
220 00 - 325 00 

2 300 
2100 
1 KOO 
I50U 
1 1 SU 
97S 
"C 

SIO 
4 10 
HU 
21*4 

16/ 
1 *-9 

I 1 2 
90 
75 
62 

H 
2H 

¿¿ 
19 

i0* Ib 
I 16 
1 35 

*’ 7 
139 
_ 

C 424 • 0 284 
C 606 U 3*M 
0 788 . 0.516 
1 046 - 0 728 
1 478 - 1 008 
1 862 • 1 120 
2 79 - 1.9 3 
2 89 224 
3 85 - 1 OH 
5 51 - 4 31 
864 - 6 02 

10. 0/ • 7 03 
1 2 76 - 1 1 IS 
17 3 12. 6 
27 7 - 1 9 « 
3 3 3 - 23 1 

_ 

0 019 0 027 
C 046 ■ 0. 031 
C 0'6 - 0 038 
6 í»69 0 USO 
ú 128 . 0 075 
U 1 37- 0. 095 
V 201 • 0 Hb 
0 269 ■ 0. 1 76 
C <89 - u 255 
9 501 0 130 
U. 6&M . 0 466 
0.040 0 641 
1 19Z 0 845 
1/7 1 22 
1 84 1 42 
2 45 - 1 94 
J SO - 2. 74 
S 49 - 3 83 
b 45 - 4 SO 
B. 13 • 7 IC 
ll.OS - 8 0«> 
17 6 • 1 2. 6 
21.3 - 14 8 

..... .. 

6 14- 5 36 
8 37 b 10 
13.3 - 9 5 
16 1 11.2 
21.9 - 15.0 
31.0 - 20 9 
38.8 • 27 2 
52.9 39.1 
93 3 - 52. 2 
ICO - 70.4 
152 - 99 j 
163 - 1 37 
308 193 
384 - 254 
512 -348 

Figure 2-17. Normal Waveguide Loss 
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4. PROPAGATION CONSIDERATIONS WHICH ACCOUNT 
FOR THE PRESENCE OF THE EARTH 

4.1 GENERAL 

It is occasionally necessary to account for the presence of the 
earth in RFI predictions This has been discussed in Chapter I!. 
Section 6 2 of Volume I and methods (or doing so are discussed in 
Chapter IV of Volume I Where smooth terrain exists, the methods 
given there can be used successfully and are appropriate for use in 
filling in the forms in Section 5 of this chapter. 

In mountainous terrain, the exact application of the methods 
which are useful for smooth earth regions cannot be applied directly 
without preliminary investigations This section will discuss the nec¬ 
essary data which must be acquired and computed in order to determine 
which method of propagation calculation in applcahlr 

4.2 360* RADIO LINE OF SIGHT (RLOS) MAPS 

Radio Line of Sight maps are prepared for a given transmitter 
”TX" site or receiver ”RX" site to show the areas which the TX will il-
luminate or from which the RX could be illuminated To conduct a pre¬ 
diction study, additional transmitters or receivers which could cause 
interference or be interfered with are plotted on the RLOS map. Those 
that are well beyond line of sight are then easily noted and are removed 
from further consideration. RLOS maps arc a useful tool in rapidly re¬ 
ducing the number of TX RX pairs to be critically analyzed in detail. 

4.2.1 MATERIAL AND DATA REQUIRED 

The following information and material is required to construct 
a 360* RLOS map: 

a The accurate location in latitude and longitude and ele¬ 
vation in feet of the TX or RX antenna for which the RLOS map is to be 
prepared. 

b. Topographic maps of the area around the site for a radius 
of approximately 100 miles depending on the height of the site being in¬ 
vestigated. The area required varies considerably with the elevation of 
the antenna and the terrain These maps arc available from the U. S 
Geological Survey Denver. Colorado. The ¡ 2S0. 00'3 scale maps are 
recommended for the RLOS map 



4. 2. 2 PREPARING THE MAP 

The 1:250,000 maps obtained from an appropriate source are 
assembled into a single map by trimming one map and gluing it to the 
next one ao that the linea of latitude and longitude are perfectly regis¬ 
tered The site for which the map ia being prepared ia then plotted and 
appropriately marked A pencil line ia drawn on the map approximately 
true north from the site, and an RLOS profile is made for thia line The 
preparation of RLOS profile graphs is discussed below 

Additional profiles are prepared for other radíala until the en¬ 
tire 360* sector haa been covered The spacing in degrees between 
profilea ia a matter of judgment which dependa on the terrain 

After plotting a profile, a straight line is drawn from the an¬ 
tenna to the ridge which firat touchea a line which ia depressed from 
the horizontal. The procedure is repeated for al) the radials Thia 
readily shows the areas illuminated and those optically shadowed. The 
plan view map is marked to show the points where the shadow region be¬ 
gins and ends for all the profiles 

If adjacent points of different radial lints are on the same ridge, 
these points may be connected by a line drawn between them. If the 
points are on the side of a mountain or hill, the terrain between the two 
radial lines must be examined more closely to determine if more radials 
should be drawn If terrain is quite uniform the points can be connec ¬ 
ted by a line roughly parallel to the contour lines, if terrain is very ir¬ 
regular one or more intermediate profiles must be plotted 

The RLOS boundary lines are then drawn in by connecting the 
points and shading the areas in the shadow regions to facilitate reading 
the map For ease in using the plot, the lines of latitude and longitude 
shcuid be marked at 30 minute intervals and a graphic scale and north 
arrow should he plac ed on the map The map may then be photographed 
and reduced to a more convenient size 

4 3 RADIO LINE OF SIGHT ÍRL OS) PROFILES 

Radio Line of Sight Profiles are prepared from a transmitter 
site (TX) toa receiver site (RX)to determine if the earth's surface corr.es 
near the path of the wave which i» propagated between the sites They 
are used to prepare an RL.OS map as discussed above 
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4. 3. 1 REQUIRED MATERIALS AND DATA 

I
 The following information is required to construct an RLOS 

profile; 

a The accurate location in latitude and longitude and ele¬ 
vation in feet of the TX and RX antennas 

b. Topographic maps oí the route between the TX and RX 
These maps are available from the U S. Geological Survey. Denver 
Colorado or Washington 25. D C. Local map stores often have a sup¬ 
ply of these maps It is recommended that 1.62. 500 scale maps be ob¬ 
tained. These maps usually have contours at 50 feet intervals or less 

c. Four thirds earth radius profile paper If the profile 
paper is not available, it can he constructed from the equation; 
h - Da/¿, in which, h is the departure in (ret from a level tangent 
D? - distance from origin in miles 

4. 3. 2 PREPARING THE PROFILE 

The maps are assembled into a single strip map of the route 
between the TX and RX This is done by trimming one map and gluing it 
to the next so that the lines of latitude and longitude are registered 
This process is continued until the strip map is completed A straight 
line is then drawn on the plan view map. connecting the TX and RX The 
mid-point of this line is determined and distances are marked at 4 or 5 
miles intervals each way from the center point to aid in scaling the map 

Next, the scales to be used for the profile arc selected The 
scale is determined by both the horizontal distance between the TX and 
RX and range of elevations to be covered Ir. flat country, the horizon¬ 
tal scale normally controls the scaling while in mountainous terrain the 
vertical sea.e will be controlling Any scale change on a given profile 
paper must be in accordance with the equation h « DJ/2. For example, 
d the horizontal scale is doubled, the vertical scale must be multiplied 
by four 

The following example illustrates the method for determining 
the scale factors 
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(Example) Horizontal distance between TX and RX = 30 miles 
Range of elevation 200' to 5800' 
Original scale 0 to 10 miles (1 mile''division) 

0 to 1,000 feet elevation (20 ft/dmsion) 
Scales to use 0 to 75 miles (2 5 miles/divisiun) 

0 to 6. 250 feet ( 125 ft/division) 
(Horizontal scales increased by 2 5. therefore, 
vertical scale by 2. & 3). 

A sample 4, J radius graph is shown in Figure 2 22 

It should be noted that if the elevation range was from 2,000 to 
5. 80C feet for the 30 miles distance rather than 200 to 5. 800 feet, the 
best scale to use would be. 

Horizontal 0 to 60 miles (2 miles per division) 
Vertical. 2, 000 to 6, 000 feet (80 feet per divi¬ 

sion) 
(The 2. 000 foot mark would be at the 
original scale zero. ) 

Scales should always be selected so that the profile will be as 
large as possible consistent with reasonable units per division for ease 
in plotting 

The TX and RX should be plotted an equal distance from the 
vertical centerline of the graph for maximum accuracy since the graph 
equation is a parabolic function First the elevation value on the center-
line is plotted. Then, sca.ing each way from the mid point, points at 4 
to 5 mile intervals maximum are plotted being sure that the highest and 
lowest points crossed are accurately plotted. A straight line connecting 
the TX and RX antennas is drawn on the profile. Maps should be double 
checked at points where the profile indicates that the ground is near the 
straight line joining the TX and RX. 

5. PREDICTION MODEL 

5.1 GENERAL 

The discussions in the previous section have described the various 
parameters involved in computing radio frequency interference. This sec¬ 
tion outlines a step-by-step procedure for rapidly and efficiently placing the 
data in a form convenient lor entry. The form used carries the prediction 
process to the point of computing signal to interference SI. Interpretation 



process to the point of computing signal to inter fer enr e S/I. Interpretation 
c.f results or scoring methods are discussed in Chapter J of this Volume. 

5 2 RADAR INTERFERENCE AGAINST MICROWAVE RECEIVERS 

The operation of microwave equipment in the common carrier 
bands 3700-4200 me. and 5925-6425 me, for example. p«ci a problem 
of insuring inter fer once-free operation from radars which may be oper¬ 
ating cochannel, harmonically related, or adjacent to these bands The 
prediction process, therefore, provides a vehicle for computing S I and 
relegates actual measurements to a cor roborative role Prediction 
computations, in essence, direct the efforts of the RIT engineer to the 
problem area by excluding situations that are by analysis positive non¬ 
interfering situations. Measurements can then be accomplished on an 
"as required’ basis, and in the direction of looking for culprit radars 

The basic transmission equation (Equation 2-1) that must be 
solved for the interfering signal 1 at the receiver when expressed in 
Log form (db) is 

= 10 Lo«>» P r» 4 50 db + G + G + 20 Log ic (' - 4"d) nom In In 

- LR - LT - A - p (2-45) 

where: 
^ribm = *nter êr,nil *iRnal power in db below I milliwatt*' 

Ptr= * nterfer>ng transmitter power in watts at the receiver 
frequency and within the receiver bandwidth. 

G^, - gain of the TX antennas in db 

= gain of the RX antennas in db 

p a polarization mismatch in db 

1 s wavelength in miles 

d » distance between RX and TX in miles 

* 1 would be in db referred to 1 watt except for the +3Ö db term which 
converts it to dbm. 
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A correction factor for other than (rce*apace and 
line-of-s ight conditions 

Lr = RX line losses in db 

L^, ■ TX line losses in db 

The previous sections oí this Handbook and Volume 1 (Fundamen-
tais of Rf'l) have discussed, in considerable detail, the parameters of 
equation (2-45) and their effects on RF1 prediction. 

5.3 PREDICTION FORM 

To present the data in computing S/I in a convenient form, an 
RFT prediction form is shown in Figure 2-18. The form includes all the 
parameters, from Equation 2-45, necessary in making a prediction anal¬ 
ysis with each of the variables made as an entry. Each of the entries in 
columns A and B. therefore, represents an operational condition associ¬ 
ated with the potentially interfering transmitter-receiver pair being ana¬ 
lyzed. 

5.4 PROCEDURE FOR MAKING ENTRIES 

The following paragraphs provide a step-by - step ( cook book) ap 
proach to the manner ,n which each parameter is computed and entered 
into the RF1 prediction form. 

5. 4 1 ENTRY A 

Obviously, the first step is to identify the TX-RX pair for which 
a prediction is to be made. The TX and RX are first identified by their 
nomenclature (i. e . AN FPS-xor WLD-6. etc.) and by the site identifi¬ 
cation (location). The TX and RX frequencies are identified as well as 
the separation distance between the pair of interest. 

5. 4. 2 ENTRY D 

Entry B provides information which identifies whether the RFI 
case to be considered is fundamental or harmonic cochannel or adjacent 
channel, tor example, if the 1 X is operating at 3600 me and receiver 
3700 me. then AF s 100 me and indicates that the PFI prediction is to be 
made for a fundamental adjacent case. For harmonic situations, provi¬ 
sions are macle on the form to include which harmonic is of interest and 

2-38 



any difference frequency between the harmonic output of the transmitter 
and receiver tuned frequency. 

In addition, provisions are made on the form to include polariza¬ 
tion of the transmitting as well as receiving antennas. 

5. 1. J ENTRY C 

This entry provides for the inclusion of operational field data 
obtained from an equipment census identifying IX and RX antennas orien¬ 
tation with respect to each other for both azimuth and elevation. This 
data is pertinent to the computation of off-axis pointing and its effects on 
the level of interfering signal at the receiver input. 

5. 4. 4 ENTRY 1 A AND B 

Entry la represents the power in dbm of the transmitter signal 
existing at the tuned frequency of the receiver as contained in the 3 db 
bandwndth of the receiver. The three basic sources of RF1 considered 
are: (a) cochannel interference, (b) adjacent channel interference, and 
(c) cochannel and adjacent channel interference at harmonic frequencies 
of the transmitter. 

The computation for transmitter power within the RX bandwidth 
are made on a separate form as shown in figure 2-19. where six different 
rases are presented. Care should be exercised in selecting the proper 
case. The derivations and discussion pertinent to rhe entry on the form 
on Figure 2-19 arc given in Section 2 of this chapter 

Entry lb is a special case where measured ERP data is available 
and should be used in preference to a computed value. Normally, how¬ 
ever. this data is not available. 

Entries 1. 3 and 1.6 may give rise to some confusion concerning 
units. The term 10 J^ogjo’ P( *• in spectrum power units or dbm/mc. 
The term describes the spectral power at some frequency âf from 
the transmitter frequency and this difference in spectral power is in units 
of db. Having arrived at the power spectral level in dbm/mc at "ûf . it 
now remains to determine to total power within the receiver bandwidth 
Br. This is accomplished by the term 10 Log. 0Br, which now converts 
spectral power dbm/mc into total power at the receiver in dbm. 
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Figure ¿-IB Format for RF: Prédit tion Data 
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Figure 2- 19. Transmitter Pr. wer Within Receiver Bandwidth 



5. 4. 5 ENTRY I 

Entry 2 represents the gain of the transmitter antenna over an 
isotropic radiator in db. Where gam in db is not available) it can be com¬ 
puted knowing the effective apcraturc af the antenna and frequency. Nor¬ 
mally, the gain of antennas at the fundamental are known; however, at 
harmonics this data is generally not Available and certain assumptions 
must be made. (See Section 3 of tliis Chapter). 

Included in this entry are the effects of off-axis pointing which, 
in many instances, can yield considerable reduction in the level of the 
interfering signal at the receiver. Off-axis pointing can take place in 
two dimensions, azimuth and elevation Other parameters pertinent to 
off-axis pointing are the beamwidths of the TX antenna in azimuth and ele¬ 
vation. distance between TX-RX, and heights above mean sea level (MSL). 
See Section 3 of this Chapter for computing off-axis pointing. Having de¬ 
termined off-axis pointing in degrees, then refer to antenna pattern data 
to ascertain the level below the main beam in db and insert this in line 2b. 
If antenna pattern data is not available refer to Chapter IV of Volume I 
(Fundamentals of Radio Frequency Interference) on antenna sidelobe con¬ 
siderations for estimating the correction for off-axis pointing. 

It is noted that when measured ERP data on a TX is known, the 
gain of the antenna is also included. Measured data should be used in 
preference to calculated data. Therefore. when measured ERP data is 
included in lb, then entry 2a wul b* zero; however, item 2b must be 
evaluated. 

5.4.6 ENTRY 3 

Entry 3 represents the gain of the receiver antenna in db over an 
isotropic radiator. The discussion of 5.4. 5 on the transmitter antenna 
applies here as well. 

5. 4. 7 ENTRY 4 

This entry represents the measured loss due to polarization dif¬ 
ference between the receiving antenna and the arriving wave. Where 
measured data is not available. Figure 2-20, Transmitter-Receiver Align¬ 
ment Factors for Inserting Looses Duc to Polarization Mismatch, should 
be used. For harmonic radiations from the transmitter, a 10 db loss 
should be considered for c ross-pol arized conditions. 



For harmonic radiations from the transmitter, use 10 dh for cross -
polarized conditiona. 

TRANSMITTER-RECEIVER POLARIZA HON ALIGNMENT FACTORS* 
(Expressed in Units of DB Loss) 
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Figure 2*20. Transmitter-Receiver Alignment Factors 

5. 4.8 ENTRY 5 

Up to thia point no consideration has been given to the propaga¬ 
tion path and whether the situation is one of radio line-of - s ight, dif¬ 
fraction. beyond radio line-of-sight, reflection etc. Radio hne-of-sight 
between receiving and transmitting antennas. for smooth earth can be 
determined from the nomograph shown in Figure 2-21 when the antenna 
heights are known with respect to mean sea level. In irregular terrains 
(mountains, in particular), it may also be necessary to make a profile 
between the transmitter-receiver to determine whether any intervening 
terrain masks the propagation path between transmitter and receiver, 
bigure 2-22 is a 4 J earth profile on whicn the earth profile character¬ 
istics can be included. Should the results indicate radio line-of-sight 
with no obscured, diffraction, or reflection zones, then the free-space 
transmission loss can be computed. For the purpose of conserving 
computational time nomographs for free-space transmission ioas can 
be used as shown in Figure 2-23. Given the frequency at which an Rfl 
prediction <s to be made and the distance between TX-RX, the tree-space 
transmission loss in db is obtained and inserted in Entry 5. 

5.4.d ENTRY b 

In some instances prediction between a TX-RX will rx.t involve a 
free-space transmission but may involve propagation beyond radio hne-of-
• ight diffraction, reflection, and terrain effects. Chapter IV of Volume 
I describes the procedures to be used in providing correction factors for 
other than free-space radio line-of - s ight. 

2-4 Í 



Figure 2-21. Nomographs Ci 
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Figure 2-22. 4/3 Earth Profile Drawing Between Transmitter and Receiver 
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5.4.10 ENTRIES 7 AND 8 

These entries represent transmitter and receiver transmission 
line losses. This data may be obtainable from pertinent equipment oper¬ 
ating characteristics and should be used. If not available, then it may be 
estimated or calculated. Section 3.4 of this chapter prov.des some dis¬ 
cussion concerning line losses. 

Include in this entry any filter insertion losses which are appli¬ 
cable to the transmitter or receiver of interest. 

5.4. 11 ENTRY 9 

Entry 9 represents the sum of the various contributing Column A 
and attenuating Column B factors affecting the final value of the interfer¬ 
ence level. 

5.4. 12 ENTRY 10 

Entry 10 is the sum of Columns A and B and represents the inter¬ 
ference level in dbm at the receiver input. 

5.4. 13 ENTRY 1 I 

This is the desired signal expected at the receiver for a given 
power output of the desired transmitter, antenna gains, and propagation 
losses. 

5. 4. 14 ENTRY 12 

This entry represents the signal to interference ratio S/Ljb -
S(dbm) - l(dbm) which forms the basis for scoring the degree of 
inte rierence 
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INTERFERENCE MEASUREMENTS CHAPTER 3 

1. THE MEASUREMENT OF INTERFERENCE SIGNALS 

It is obvrijs that in order to des gn equipment that is neither a 
source of nor susceptible to, rad o inf- rfercnce. there must be availa¬ 
ble adequate means of measuring b th tic amount of interference gener¬ 
ated by. and the degree of suscept b it/ of. a ornponer t. equipment, or 
complete installation Adequate means' here refers not only to the nec 
cssary test equipment but also standardized test procedures and a set of 
meaningful limits in terms of easily measured quantities 

As was expia.ned in Section 1 of Chapter 1. Volume I. the nature 
of rite ríe ring signals, in general, is such that no single quantity can be 
used (or its adequate description A < um pl et e description could be given 
only in the form oí one of two equivalent arves. either a plot of ampli¬ 
tude as a function of time, or a plot ol amplitude (or energy) as a function 
of frequency The first is called the wave form the second the frequency 
distribution. Neither of these is suitable for quick and easy determina¬ 
tion, each requiring a very large number (theoretically an infinite number) 
of individual measurements. 

U tit e interfering signal consist» cí a »ingle transient, there i», 
indeed, no simple method available of obtaining significant information 
about it by means of a single or a very small number of measurements 
But most interfering «iguais em ujnbrrc in practice are either periodic, 
or such that the small difference» between samples ol the signal taken at 
different times are not significant ü either case, information about the 
signal at all times is not required, and attention may be focused on just 
a short space of time. either a cycle or an arbitrary interval Further¬ 
more. properties may be defined which can be measured by means of a 
s.ngle measurement, and these properties may be used to characterize 
the signal. The properties most commonly used are the true average 
(rarely used because it is usually kto), the half-cycle average, usually 
simply called "average", the root-mean-square; and the peak values of 
the interfering current or voltage taken either over a period or over an 
arbitrary time interval. 

All interfering signals consist, or may be considered to consist, 
of a series of pulses. In practice, most such signals may be classified 
as one of two types: the impulsive type, in which the individual pulses 
are very short as compared to the.r average repetition rate, so that a 
comparatively long period of silence exists between successive pulses, 
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and the random type, often called "white noise, " jn which the pulses fol¬ 
low one another so closely that the character of the individual pulsea is 
completely lost There is no sharp boundary between the two, and all 
intermediate stagea are possible Yet it seems that moat interfering 
signala encountered in practu e an definitely be placed in one group or 
the other 

Interference of the impulsive type will show very high peak 
values and very low average or riot-mean-square values In fact, on 
some type of metera reading average or root-mean- square values, an 
impulsive type of interference may indicate nothing despite having a high 
nuisance value. Random interference, on the other hand, is best meas¬ 
ured by its average or root-mean - square value, while its peak value, 
which may be only slightly larger than the average and may be subject 
to considerable random variation, is of no great significance Thus it 
is seen that a meter, or its mode of operation, must be chosen intelli¬ 
gently according to the type of interference to be measured 

Just as the type of meter to be used in measuring generated 
interference must be chosen according to the type of interference to be 
measured, so the generator used in sun. eptibility tests must be chosen 
according to the type of response of the receiver. Since any type of 
interference may be present, the s iscept*.bihty of a receiver should be 
tested with a signal of the type which causes the greatest response 

Inasmuch as all "receiv th ' (as defined in the Introduction to 
Volume I) must terminate in some kind of indicator or other device capa¬ 
ble of responding to the interference, the simplest and most direct check 
on the presence of interference is by routine use of the equipment already 
installed as a functional part of a communication-electronic system If 
all electrical components are of proper design and have been correctly 
installed, and no external interference is entering the equipment, no in¬ 
terference will be indicated by headsets, radar-scopes, or other output 
devices If. on the other hand, interference is found in the system, test 
instruments must be. employed to measure the interference and determine 
the source In this chapter we discuss interference measurements and 
techniques in general Further information on instruments and proce¬ 
dures is contained tn succeeding chapters and appendices of this Volume 

2. CATEGORIES OF MEASUREMENTS 

In general, interference measurements may be categorized in one 
of two ways. 
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a Measurements to determine interference output and suscep¬ 
tibility potential of components. equipments, and systems 

Measurements to determine characteristics. amounts, 
sources, and paths of interference signals 

2 1 MEASUREMENTS OF INTERFERENCE OUTPUT AND SUSCEPTIBILITY 
potential 

Measurements to determine interference output and suscepti¬ 
bility potential are made in order.to determine whether a system, equip¬ 
ment, or component will cause interference or is susceptible to interfer-

"Spectrum signature ' measurements fall in this category and are 
fully discussed in Chapter 7 of this Volume Similar measurements are 
also made to determine whether a system, equipment, or component will 
meet interference specifications such as those of the Army, Navy, or Air 
Force, Federal Communications Commission, or spec lalized procurement 
spec if ications (as for guided missiles or satellite systems). The meas¬ 
urements may be made in the laboratory or in the field, and may be made 
during equipment development, during prototype testing, or during pro¬ 
duction A basic requirement of this type of measurement is a signal 
source to simulate an interfering signal in determining receiver suscep¬ 
tibility. 

2.2 MEASUREMENTS OF INTERFERENCE FIELD CHARACTERISTICS 

The elimination or suppression of existing interference depends 
upon accurate determination of the source, path, characteristics, and 
amount. This determination may require an investigation of the interfer¬ 
ence conditions within a circuit or it may require study of the electronic 
environment in the neighborhood of the equipment which is affected. Elec¬ 
tronic environmental studies are discussed in Chapter 8 of this Volume 

In general, the techniques for measuring existing interference are 
similar to techniques for measuring potential interference. However, since 
- haracteristics of existuig signals are being measured, signal sources are 
not necessary (except as comparison standards to determine the relative 
magnitude of interfering signals) 

3. INSTRUMENTS AND TECHNIQUES 

To determine potential or actual interference, measurements 
must be macle of characteristics pertaining to transmitters, receivers 
and antennas and propagation Each of these three elements of a 



comm animation - electronic system require» special techniques for meas¬ 
urement depending or. the type of equipment, power, location, frequency, 
siae. and circuitry In general, these measurements are made with in¬ 
struments and techniques as prescribed in technical specifications and 
standards Major specifications currently in use are reprinted in Appen¬ 
dix V of Volume IV. 

3. I establishing a measurement capability 

311 GENERAL 

The establishment of an REI measurement capability is a com¬ 
plex and costly operation Unless a small, specialised program is beu.g 
considered, the establishment of anything short of broadband coverage is 
not recommended Near-field measurements for specification compliance 
or for certification of shielded enclosures may require a frequency cover¬ 
age from about 10 kc to 40 kmc Ln terms of field intensity measuring re¬ 
ceivers and signal generators this represents many pieces of equipment. 
In fact, the upper portions of the frequency range can be covered only with 
custom-built units In addition to the basic measuring equipments, the 
documentation of absolute value measurements requires a considerable 
quantity of calibration and auxiliary units, including antennas, connectors, 
matching devices, cables, and miscellaneous hardware The establish¬ 
ment of a fixed facility generally involves the purchase and erection or 
construction of a screen room or microwave darkroom The latter is 
preferable because of the additional attenuation afforded by sheet metal 
construction Ear-field measurements require a mobile, self-contained 
laboratory, preferably including an all weather capability Because oí 
the terrain often encountered, a separate four-wheel drive vehicle should 
be included The need (or on-site mobility may also necessitate an addi¬ 
tional vehicle tor personnel Ample power should be provided for the 
mobile laboratory The electronic equipment, heaters, air-conditioning, 
and lights will require some S to 1C kva 

Many of the test equipments are bulky and heavy and. at the same 
tune, extremely delicate Broad frequency «.overage is frequently pro¬ 
vided in several units by interchangeable RE tuning heads that have to be 
rotated often during spectrum search type programs 

If standard field intensity meters are used, the measured signal 
values tin be obtained in ^v/m/kc or me ol band* idlh by applying the pub¬ 
lished attenuator, anter.na, and calibration factors. The limiting factor on 
determining signal intensities is the sensitiv.ty of the measuring receiver 

3-4 



The antennas to be used in spectrum search applications should 
be chosen so as to use as few as feasible Broadband antennas should 
be used whenever practical. One method for eliminating the need for 
changing antennas and their polarizations is to mount the antenna on a 
circular disc The disc may be rotated in either the horizontal or 
vertical plane by gear trains with operating controls located in the mo¬ 
bile laboratory. The antennas may be connected to the measuring in¬ 
struments by coaxial cable and flexible waveguide through appropriate 
rotary joints. This type of an antenna arrangement would enable spec¬ 
trum search measurements to be conducted under all environmental 
ons ide rations . 

Data requirements may justify the use of automatic recording 
techniques for obtaining signal densities of a predetermined area How¬ 
ever. this technique may not enable the user to obtain information or 
all types of signals received in the search. The recorder trace, if made 
must be correlated in time and frequency to obtain an accurate indication 
of the signals in a given time frame. The time limit would be governed 
by the response time of an associated recorder 

Many military spec ifirations and contracts include the require¬ 
ment fur calibration of measurement instruments to be performed at 
regular intervals In any case, r«calibration will be necessary when¬ 
ever repairs are made, or tubes or components are replaced 

I. 1.2 MEASUREMENT PERSONNEL 

Naturally the ability of a laboratory to properly function is de¬ 
pendent entirely on the competence of its staff. Personnel must receive 
special training for the jobs they are to perform be intimately familiar 
with the equipment they use, and be able to properly interpret the data 
being processed. Many of the measuring equipment manufacturers pro¬ 
vide courses to acquaint technical personnel with their equipment and 
how best it may be used. 

3 2 A TYPICAL LABORATORY 

Laboratories for conducting interference measurements may be 
cither mobile or fixed. Since mobile laboratories arc frequently used 
So simplify problems of access to equipment, such a laboratory will be 



de Be ri bed here. Equipment for a fixed laboratory might be similar 
but arranged differently. 

J 2 1 GENERAL LABORATORY CONSIDERATIONS 

The operational capability requirements of a mobile laboratory 
are dictated by the user requirements The general requirements for a 
mobile laboratory are: (1) the laboratory must be shielded and grounded 
(2) the power supply should be remote from the laboratory and grounded 
and (3) the laboratory must be capable of operating under all environmen¬ 
tal conditions that are likely to be encountered 

The laboratory should be equipped with standard radio frequent y 
interference instrumentation to cover the spectrum ¡5 kc S to 10 gc s. A 
compact mobile vehicle should be used to provide maximum operational 
capability. The combination of mechanical and electrical requirements 
necessitates the application of a completely integrated approach to the 
design. The mobile unit not only must fully satisfy the electronic and 
instrumentation requirements, but also must provide maximum operating 
efficiency and personnel comfort. Thus, the design criteria for the 
mobile unit fall into two general categories: (a) human engineering con¬ 
siderations and (b) technical or equipment considerations. 

From the numan engineering standpoint, such factors as person¬ 
nel comfort, ease of equipment operation and maintenance. efficiency of 
system layout, proper lighting, and other similar factors must be con¬ 
sidered as an integral part of the overall design approach. Although 
human engineering principles are generally conceded to be important, 
they are frequently overlooked. Mobile units have been built which 
completely fulfill the technical requirements but which afford less than 
ideal operational flexibility and efficiency because the human factor has 
either been overlooked or given minimum attention. For example, equip¬ 
ment which is required to be operational continuously for long periods 
of time may inadvertently be mounted at a height which requires the opera¬ 
tor to stand. In addition, equipment may not be grouped in such a way 
that multi-frequenc y operation can be carried out from one operating 
station 

J. 2 2 BASIC EQUIPMENT 

A sat.sfactory vehicle for a rnob.le .abcratory for light field 
duty is described below, utilizing a Panel Truck with an air cooled 
engine. Such an engine requires no radiator fluid, antifreeze, or ra-



diator maintenant e. A four-speed transmission is desirable Side load¬ 
ing double doors, heavy duty absorbers, and overload springs should be 
provided 

In addition to the interference measurement equipments described 
below, sufficient tools and spare parts should be included to perforin 
minor repairs and some calibration in the field. 

V 2. 3 EQUIPMENT DETAILS 

Technical data pertaining to the equipments selected for the 
laboratory are shown in the following paragraphs. Tn.-s data is included 
here in considerable detail for the specific purpose of aiding the engineer 
reader with suggestions which may prove helpful in preparing specifica¬ 
tions for the construction of a light duty mobile laboratory to fit his own 
needs. 

4.2. 3. 1 Stoddart Field Intensity Meter NM-20B 

Frequency Range: 150 kc to 25 me. in 6 bands 

Sensitivity: (S/N = 1) 

Narrow Band (CW) Measurements 

Loop Antenna Input Rod Antenna Input 

Small Loop 
pv/meter 

Large Loop 
pv/meter pv/meter 

10 to 30 2 to 6 2 to 6 

Voltage Measurement Range. A measurement range of 40 db in 
each attenuator position is provided on a 2 decade meter scale. 
Attenuation in 20 db steps (0-2C-40-60 - 80 4b) 

Detector functions may be selected for measuring FI, quasi-peak 
and peak 

Rejection: Image rejection is - 50 db LF rejection is 50 db. 

Signal Overload Capacity: 16 db 

Power input requirements are. (a) 105 to 125 or 210 to 250 volts 
ac, single phase, 50 to 1600 cps. consumes 25 watts and has 
an 87% power factor, and (b) bias batteries required (used for 
both ar and battery operation); 9 volts (2 Burgess No. 5360) 
plus 1. 5 volts (2 Burgess No 2) 



Heat Dissipation. 65 3 BTU/hr 

Physical Size 
F1M 7-9/lfo " x 14 X 16-7/16" or 1 01 cu ll 
Power Supply 8-3/8 x 10-1/2' x 7-17 

Total space req 

Weight; FIM 37 lbs, Power Supply 18 lbs 

Component Parts Required. 

Component 
NM-20B FIM 
Power Supplies, AC 
Rod Antenna 
Loop Antenna, Small 
Loop Antenna, Large 
Matching impedance 
Matching Impedance 
Remote Meter 
AC Power Cable 
Power Supply Cable 
Remote Meter Cable 
Loop Cable 
Osc illoscope Cable 
Headphone Extension Cable 
Headphones 300-7000 cps 
Loop Calibration Network 
Low Pass Filter 
bist ruction Book 

Spare Tubes, fuzes, and Lamps 

No. Spares 
Required Type 

8 IT4 Tube 
2 lR5Tubt 
8 1RS Tube 
8 3V4 Tube 
2 2A20 Tube 
2 UA3 VR75 Tube 
2 3/8A 3AG F uze 

3 2 3. 2 Stoddart Field Intensity Meter NM- 3ÜA 

Frequency Rang»*. ¿0 to 4C0 me in b band 

/32" or 0. 38 cu. ft. 
uired 1. 39 cu. ft. 

Part No. 
NM-20B 
90780-2 
90291-2 
90298-2 
91077-2 
90305-4 
QO3O5-7 
90078-4 
91258-1 
91487-1 
90075-2 
90048-2 
90071-1 
90074-1 
10795 
91160-1 
11148 

a 



Sensitivity: (S/N = 1) 

Frequency (me) 
¿0 to 145 
145 to ¿40 
240 to 400 

pv Meter 
0. 6 to 4 
8 to I 3 . 6 
40 to 60 

Narrow Band (CW) Measurement« 

Voltage Measurement Range: A measurement range of 40 db in 
any attenuator position i« provided on a 2 decade meter scale 
Attenuation in 20 db steps (0- ¿0 - 40-60-HO db). 

Detector functions may be selected for measuring FI. quasi 
and peak. 

Rejection: Spurious response reject on i« ? 40 db IF rejection 
is - 60 rib 

Signal Overload Capacity: 20 db * 2 db 

Power input requirement* are 105 tn 125 or 210 to 250 volts, 
ac. s ngle-phase 50 to 60 cps and 400 cps. 120 watts at 115 
volts. ac, 60 cps 

Heat Dissipation: 409 R BTU/hr 

Physical Sixe; 

FIM 10-3/8"x 19-13/16 x 7-5 'r or

Power Supply 8-3/8 x 10-1/2" x 7-17/32 ' or 
Total Space Required 

0 9 cu ft 
0. 38 c j ft 
1. 28 cu. ft 

Weight: FIM ¿9 lbs. Power Supply 16 Iba 

Component Parts Required 

Component 
NM 30A FIM 
Power Supply 
Dipole Antenna 
Head Assembly, High 

Dipole Antenna 
Head Assembly, Low 
F requency 

Vertical Antenna Ground 
Plane 

• ’ ■ 
NM-30A 
91226-1 
90823-2 

90« j2-2 

90929-2 



Loop Antenna 

Freq it r- y Measuring Tape 
R F Transmission Line. 
ZO ft. 

AC Power Cable 
Oscilloscope Cable 

Remote Meter Cable 

Power Cê ble 
Loop Antenna 
Base Assembly 
Instruction Book 

90799-2 
10645 

90933*1 
91258-I 
*0071-1 
90075 
91487-1 
90995-2 

Sparc Tubes, Fuzes and Lamps: 

No Spares 
Required Type 
8 5840 
2 5718 
12 6BH6 
2 6005 
2 5726 
8 6135 
2 6AU6 
2 5814 
2 OA2 
2 OB2 
2 2 amp 3AG Fuze 
4 Lamp GE No. 47 
2 Lamp NE-48 

J 2 3 3 Stoddart Field Intensity Meter NM-52 

Frequency Range: 375 to 1000 me in 1 band 

Sensitivity (S/N « 11 

Narrow Band (CW) Mrajureinents 

Tuned Dpole Inpu t 

35 to 165 pv/meter 

Voltage Measurement Range. A measurement range of 40 db m 
any attenuator position it» prov.dcd on a 2 decade meter »rule 
Attenuation in 20 db steps (0-20-40-60-80-100 db) 

Detector functions may be selected fur measuring Fl, quasi-peak 

and peak 
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Rejection- Imaçe and spurious response rejection is ’ 40 db IF 
rejection is - 60 db 

Signal Overload Capacity. ¿0 db 

Power input requirements are: JOS to 1 25 wr 210 to 250 volts, 
ac, 5C to 1600 cps single-phase, 110 watts. 0 935 power 
(actor 

Heat Dissipation- 375.6 BTU/hr 

Physical Sue 
FIM 10-3/fl" X 19-13/16 " x 9- 3/16 or 1. 09 cu ft 
Power Supply 8-3/8' x 10-1/2" x 7-17/32" or 0. 38 cu. ft. 

Total Space Required 1.47 cu. ft. 

Weight: FIM 30 lbs, Power Supply 16 lbs. 

Component Parts Required: 

Component Part No 
NM-52A 
Power Supply, AC 
Power Cable. AC 
Power Supply Cable 
Dipole Antenna 
RF Transmission Line 
Instruction Book 

Spare Tubes, Fuzes, and Lamps 

No Spares 
Required 

2 
4 

16 
2 
4 
4 
2 
2 

4 
4 

NM-52A 
90329-4 
91258-1 
91487-1 
90330-3 
90933-8 

In* 
9005 
6F4 
6BH6 
6ARÍ 
6AL5 
6C4 
12AU7 
6AS7 
NE.32 
GE-47 l^mp 
2 Amp, 250 volts 
Furr AGC2 



3 2. 3. 4 Stoddart Field Intensity Meter NM-t»2A 

Frequency Range 1 to 1 0 gcs 

Frequency Scanning. Controlled through variable speed motor 
dr ;ve. 

Voltage Measurement Range. A measurement range of 40 db 
is provided on a I decade scale Recorder output for plot¬ 
ting amplitude vs frequency 

Attenuation: 60 db RF and 20 db IF instantaneous band switching 

3 2 3. 5 Pola rad Synchroscope-Spectrum Analyzer Model TSA-S 

Frequency Range 910 to 22, 0U0 megacycles in 4 bands 

Tuning Units- STU-2A 910 to 4560 inc in L bands, STU-3A 
4370 to 22, 000 me in 2 bands 

Frequency Dial Accuracy: * Ho 

Power Requirements. 11 5/230 volts, at , 50 to 60 cps, 400 waits 

Heat Dissipation 1 366 BTU/hr 

Physical Size. 
Display Unit 17-1/8" x 19-1/2" x 23-1/8 or 4 08 cu ft 
T un in g Unit 1 4. 7 x 10 6 ' x8 7 ' (app rox) orO 7 8 cu ft. 

Weight: 140 lbs for display unit and one tuning unit 

3. 2 3 6 Frequency Meter. Gertsch FM 6 

Wright. 40 lbs. 

Size: 19-1/4" x 9 /4 ' x 13-1 4 ‘ 

Volume 1 44 cu it 

Power Requirements. 11 5 or 230 '.. It.1, a^, 50 to 60 cps, 
75 volt amps. 

3 2 3. 7 Gons et 3139 GA Transceiver 

Weight: 30 lbs 

Size; 10-3/4 ' x lu ' x 8-1/4 

3 2 1.8 Panoramic Panadapter ¿A-8B 

Dimensions 12 I/S ' x 22-1/2" x 20 - 1/2" or 3 23 cu. ft 
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Power Supply DuneuiOM. 8-3/4" x 16-1/4" x 11-1/8" or 0 O2cuit 

Power Requirements: 115 volte, ac, 60 cps single-phase, approxt-
mately 50 watts 

3. 2. 3. 9 Talk-A-Phone Intercom System 

Type System One master and two substations 

Power Requirements 115 volts, ac, 60 cps 

!ype Circuit: Transistor. 3 audio stages, push-pull output 

Dimens ions 
Master Station 15-1/2" x 6 x 4" or 0 ZIS tu. it 
Substations 3-5/8" x 5-5/«' x 2" or 0 02 cu lt 
Junction Box 1-1/4" x 8- 3/4" x 8-3/4" or 0. 05 cu it. 
Power Supply 3 x 5" x 2 1 or v. 02 cu it. 

Total Weight: 18-1/2 lbs 

3-2 3 10 St rombe rg - Ca r Ison Mobile Aud.o Ampliiier SAM-88 

Power Supply: 12 vdc. current dram 0 15 amp on standby. 
0. 3 amp speech, 0. 5 amp music 

Power leads 3 it with luxe in positive lead 

Power Output. 8 watts, less than 5% distortion 

Response: 100 cps to 10, 000 cps i 3 db 

Inputs. I microphone, medium impedance (: 50-600 ohms), 
phono, h.gh impedance (0. 5 megohm) 

Gam: 97 db 

Noise Level; 65 db below rated output 

Controla: ON -OI F switch, n.i< rophone-ph.iw selector switch, 
g a m com rul 

Output Impedance. 4. 8. lb ohms 

Power leads. 3FY, identified for polarity 

Transistors 1 2N¿14 2 2N226. 2 2N257 

Mounting L" brackets furnished tor mounting to bulbneads 

Weight: 3 lbs 

Dimensions 6-5/8" x 4-1/8 x 3 1/8' or 0.C5 cu. ft 
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3 2. 3 11 Recorder. Esterline Angus Model AW 

Range 0 to I ma de signal recording with events marker 

Accuracy: * I % of full scale 

Dimensions: 8-9/16 ' x 14- 1/2 x 8-3/4' 

Volume: 0.6 3 cu. ft 

Power Requirements 11 » volts, ac, 60 cps. single-phase, 
5 to 6 watts 

Weight: 34 lbs 

3. 2. 3. 12 Polarad Broadband Antenna Model CA-B 

Frequency Range, t to 10 ges 

Gain: 3 to 10 db 

3. 2. 3- 13 Stoddart Broadband Rod Discone 

Frequency Range. 20 me to 900 me 

3. 2. 3 14 General Communication Position Remote RF Switch ( 1 required) 

Power Required: 115 volts, ac, 60 cycles 

Impedance. 5 I. 5 Q 

Switching: 6 Position rotary activated by remote selector switch 

3. 2 3. 15 Bird Electronic Corporation CoaxSwitch Model 74 (6 required) 

Switching: 8 position manual coax selector switch, pull to rotate 
push to contact 

Impedance; 51.50 

3 2. 3. 16 Bird Electronic Corporation Model 72R (I required), 2 position 
coaxial circuit reversing switch 

Impedance: 51 50 

3 2 3.17 Auxiliary Mast 

Mounting. Mounts in roof of van on bearing, rotates through 
370’ in azimuth 

Fittings: Provides bracket on which any loop, dipole or rod 
antenna may be mounted Provides facility for passage of 
single RF cable through roof Interior bushing mounts a 
movable relative bearing scale 
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3 2. 3 . 18 Modified Polarad CA-T Tripod 

Azimuth Scale. Calibrated 0 to JO. 90 to 0. 0 to 90 ¿»nd 90 to 0 
degrees 

Azimuth and Elevation Angie Manual adjustment and lock 

Level: Built-in bubble type 

Collapsed Height: 36-1/2 

Extended Height. 60" 

Modification: To include a c alibrated scale for vertical 
elevation indications 

3 ¿. 3 19 Permanent Mast for Mounting .til Antennas From 1 to 10 ges 

Mounting: Mounts permanently in roof of van on a bearing, 
rotates 370* in azimuth 

Fittings: Provides bracket on which Polarad CA-B omni-antenna 
is permanently mounted Interior bushing mounts a movable, 
relative bearing scale. Provides mounting for remote RF 
coax switch. Contains controlled movable arm which rotates 
90* off the horizontal for mounting L. S, M. and X Band horns. 

3 2. 3. 20 Rotary Switch. 2 section. 2 pole, b position. 2 required 

Type: Centralab Type 1004 

3 2_ 3. ¿1 Rotary Switch, 1 section, 1 pole. 6 position, 1 required 

Type: Csntralab Type 1001 

3. 2. 3. ¿2 Dial Plate. Mallory Typ< 376, 3 required 

3.2.4 EQUIPMENT LAYOUT 

Equipment should be arranged within the van for maximum 
operator convenience permitted by the limitations of the vehicle. All 
frequently used equipment should be located to permit operation without 
moving from a central control position. From past experience with the 
FRC mobile laboratories. it appears that requency of equipment use is 
in the descending order below: 

a. Field Intensity Meters, antennas, and switching panel 
b. Recorder 
c. Spectrum analyzer 
d. Frequency meter 
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1. NM 20B 
2. ESTELLINE ANGUS RECORDER 

J. NM.JOA 
4. NM-52A FIM 

$ TUNING HEAD TSA-S 

C STOODART POWER SUPPLIES 

7 CONTROL ANO SWITCHING PANEL 
8 SA 80 PANADAPTER 
» INTERCOM 

SO NM 62A FIM 

I. AUDIO AMP 
i SA SB POWER SUPPL* 
3 GONSET 3139 GA 

4. FM.| 
S TSA-S SPECTRUM ANALYZER 

6 STORAGE 

Figure J I Layout of Van Interior 



ï-

Roughly 90% oí the time is spent in operating the category a 
equipment. It is desirable, therelorc. to situate the control position in 
such a manner that all this equipment can be operated tram a sitting posi¬ 
tion without the necessity oí standing or moving. It is also desirable to 
provide writing facilities which do not interfere with operation but which 
are readily accessible. Category 0, c, and d equipment ran be located 
so as to allow either simultaneous operation by a second operator from 
another control position, or by the first operator with a minimum of move¬ 
ment. 

figure 3-1 shows the layout fur a vehicle containing all of the re¬ 
quired equipment. With thia layout, field intensity measurements, spectrum 
searching, recording, and direction finding can be carried cut from the for¬ 
ward operator's position. A rear operator’s oosition allows the auxiliary 
functions, such as spec trum analysis ai d frequency measuring, to be car¬ 
ried on by a second operator, or by the first with a minimum of movement. 

Certain features of the van are net evident in the figure but should 
be mentioned. These are. 

a. All antennas can be simultaneously mounted on top of the 
van and controlled in azimuth and polarization from the operator's posi-
t on This eliminates ‘Jie need for frequent climbing a serious drawback 
in some laboratory designs 

b. A convenience box is located on tup of the van. This i» a 
weather-proof unit containing an intercom. 115 vac receptacle remote 
F IM meter receptacle, and RF receptacle 

3.2 5 METHOD OF MOUNTING 

Pol/urethane sheets are used for shock mounting. The superior 
effectiveness ot this method as compared to individual mounts is attested 
to by the fact that rrot.e laboratories using Uns mounting have covered 
thousands of miles over all types « Í terrain with no eqmpn.ent failures 
directly traceable to shock In addition, .ess space is required than con¬ 
ventional mounts Qui», k release tie-down straps are usee to hold the 
equipments in place The use of the polyurethane sheets and t.e-down 
straps has been of considerable value in preventing damage to equipment 
ever, when a large mobile laboratory overturned 

3.2 6 ANTENNAS 

One of the mure difficult ta»»» in outfitting a m< bile laboratory is 
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*L TRANCEIVER ANTENNA 

•2. ROO ANTENNA 150 KC tq 20 MC 

•J. POL ARAO CA.a OMNI ANTENNA I TO '.0 GC 

•4. STOODART OISCONE 20 TO 500 MC 

•5. CONVENIENCE BOX 

•4 HO VAC OUTLET 

•1 RF JACK 

•• REMOTE METER JACK 

•9 INTERCOM OUTDOOR SPEAKER 

10 MODIFIED POLAR AD TRIPOD 

H. L BAND MORN 

12 X - BAND HORN ANO REFLECTOR 

•J M BAND HORN AND REFLECTOR 

•4 S 8AND MORN 

IS ROTATABLE ANTENNA MAS* 

14 MORN ANTENNA ARM ACTIVATING LEVER 

17 HORN ANTENNA MOUNTING ARM 

’14 BEARING 

•15. ADJUSTABLE AZIMUTH INDICATOR 

'20. SLEWING KNOB 

•21 PCX ARIZATION CONTROL POO 

22. AUXILIARY ANTENNA MAST 

23. ANV DIPOLE. LOOP OR ROO ANTENNA 

24 ANY DIPOLE. LOOP OR ROO ANTENNA 

25 SIX POSITION RF SWITCH REMOTELY CONTROL LEO 

Figure 3-2. Mobile Laboratory Roof Antenna Arrangement 



the «election of suitable antennas and th» n.^diie fur mounting them The 
proolem resolves itself into two part»« 

a. permanent installation 01 a o .-t of omni-d.rr.'tional antennas 
to enable a spectrum search function to bt accomplished over the desired 
frequency range. 

b- provisions for quickly mounting and dismounting directional 
¿ntennas required for d.rectior.-findirg functions 

Part 'a' is solved by utilizo g a series of ferrite or rod and dm-
cone antennas permanently mounted atop the vans and connected to the re 
ceivers through a co-axial Ri' switching arrangement It is realized that 
such antennas are subject to cross-pul ir nation limitations, however, 
these limitations can be eliminated by u iitable polarization and azimuth 
shifting devices For example, consider the case of a horizontally polar-
.zed antenna at 2000 kc A quick-turn 360* azimuth and 90* zenith control 
permits rapid determination oí signal strength vs polarization during search. 

Part' b" is resolved by providing a series of he ight - stagge red 
directional antennas installed only dur.ng direction-findmg operations 
Loop and sense antennas are utilized at the lower frequencies Yagis 
are utilized at the intermediate frequencies, and horns at the higher fre¬ 
quencies. These antennae are on turnstile-type mounts to provide full¬ 
spectrum coverage without changing antennas. Azimuth and zenith angle 
indicators are provided inside the vans to give directional information. 
Manual drives are provided for the azimuth functions To allow measure¬ 
ment of signal strengths, where desired, a plot of effective aperture (Ap) 
vs frequency is used with each antenna 

The antenna system allows both the search and the direction-
finding functions to be accomplished with a minimum of effort on the part 
of the operators Figure 3-2 shows the antenna arrangement 

3. 2. 7 CONTROL PANEL AND SW1T CUING ARRANGEMENT 

It is desirable that all switching functions required in the opera¬ 
tion of vans be readily accomplished from the operating position. Thus, 
a central control and switching panel is used for all power, RF. IF’, video, 
audio, and recording functions This panel ia logically arranged and so 
located as to allow the equipment operator to switch the various circuits 
as desired without leaving the operating position 
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All RF energy is transferred from the antennas to the receivers 
by means of co-axial cables While this entails some losses at the higher 
frequencies, these losses are oftset by the convenience of co-axial switch¬ 
ing as opposed to waveguide switching The only difficulty in the RF 
switching is that involved in the frequency meter take-off. Incoming sig¬ 
nals are too weak in many cases to actuate the meter, and it is then nec¬ 
essary to resort to the substitution method oí measurement using a standard 
signal generator. 

In the case of IF switching to the panoramic adaptors, it is neces¬ 
sary to provide an IF mixer and beat oscillator to insure system frequency 
compatibility This is accomplished by switching the beat oscillator in 
conjunction with the IF switching to insure that the proper frequencies are 
always fed to the panadapters. 

The remainder of th? contre! and switching functions involving 
power, video, audio, and recorder frequencies are straightforward and 
require no spec .al discussion. Standard components are used throughout, 
ard extra switching positions are provided to allow future expansion of 
the system 

3.2« POWER SUPPLY 

3 2 8 1 General 

The 115 volts, ac, 60 cps power < an be furnished by a gasoline 
motor driven generator /\n inverter will supply the 115 volts, ac. 400 
cps from the 60 cps source 

Since heat, spare, n se. ntcrference. and weight distribution 
considerations limit the installation of power equipment within the limits 
of îhe van, a trailer should be uj^d as a power supply vehicle. 

Spec it'.cations of the generator, inverter. and trailer are listed 
below. 

3 2 8 2 Power Plant: 

Onan Model 5ccK-lR 

Electrical Capacity: 5KVA 

Type Engine 4 cycle. 800 rpm, gasoline driven 

Type Starter. S« .! starting, 12 volt system, push button remote 
sta rt 

3-20 



4-
I 

Dimensions: 29-7/8 ' x 20-3/4 ' x ¿1-1/6"; 7. 55 cu. ít 

Output: 115 volts, 60 cycle, single-phase 

Weight. 325 lbs 

Accessories: Vacuum flow cool 

Gasoline Pump Capability 4 it vertical lilt 

Fuel Consumption: approx 3/4 gal ./hr 

3. 2 83 Inverter: 

Georator Corp. Type 30-002 

Output 115 volts. a< , 4C8 to 420 cps, s .ng', e - phase 

Input: 115 volts, ar, 60 cps 

Dimensions: 8" x 913/4 ' x II" 

Weight; 50 lbs 

3. 2. 8. 4 Trailer: 

Type: 2 wheel, rectangular with tad gate 

Weight: 560 lbs. 

Type. Hitch. Ball 

Tires 640 x 1 5 

Mount: Trader mounted < n springs 

Dimension (Body). 72 m 48 x 18 

Dimension (Overall). 106 < 7" x 36 

3. 2 8. 5 Fuel Storage: 

Capac ity: ¿5 gal 

Installation. Mounted on 6i <ikcts m trailer 

3.2 8 6 Alternate Power Plant 

On an Model SccKÎR 

Output; 115 and/or 2JO volts a . tü cps 

(other characteristics sjndar f. Onan Model Scck-IR) 
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3 2 9 PERSONNEL COMFORT 

To maintain maximum operator efficiency throughout the year, a 
combination heating and cooling system is desired The most efficient 
method of obtaining this is to Jf-e a reverse cycle air conditioning system 
Spec if ¡rations for such a system are included below 

Type Fedders 15FS3E 

Cooling and Heating Capacity: 12,000 BTU/Hr. 

Supplemental Electric Heating 1800 watts 

Cooling Capacity. 14’ -..ft per minute 

Power Supply: ¿20 v?lt. ac, 6C cp». 8 7 amps running 

Dimensions: 16-1/4" x 27" x 19-1/2" 

Type Intake: Fresh Air 

Defrost Cycle. Aitnmaiic 

3.2.10 HOUSEKEEPING PROVISIONS 

Storage within the laboratory van is provided for antennas, main¬ 
tenance parte and cables Ln addition, a combination workbench and 
writing desk is provided Each horn and omnidirectional antenna is stored 
and secured in an individual cushioned antenna bin The antenna bin is 
constructed m such a mariner as to be accessible from both front and rear 
directions, and is located in the rear of the truck. The antennae are se¬ 
cured in the bins by fasteners which will provide a quick dismount for the 
antenna. Dipole antenna.» and their associated masts are mounted by 
spring-clip fasteners to a board The board is mounted on the side panel 
of the laboratory van. Cables, such as the RG-9/U for connecting the test 
equipment to its associated antenna, is stored on top of the motor cover. 
Drawers are available for tn ■ storage of maintenance parts and tools The 
drawers are secured to prevent opening during on-thc-road travel. The 
drop-leaf combination workbench and writing desk is large enough for minor 
repairs and adjustment of the equipment 

3.2. 11 INSTRUCTION BOOK 

An operating instruction book should be a part of the mobile van 
equipment, and should contain genera) instructions on the use of the mobile 
van. plan layouts, diagrams, and other graphic presentations, as may be 
needed to facilitate operator familiarisation with the units. 
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3 3 OTHER MOBILE LABORATORIES 

The laboratory described in Section 3 1 above is well-equipped 
for interference testing under most conditions However, for heavier 
duty work requiring more complete capabilities. a larger laboratory may 
be desirable. Other types of laboratories may be required for specialised 
work 

3 3 1 A HEAVY DUTY LABORATORY 

A large heavy duty laboratory designed and built bv Frederick Re¬ 
search Corporation consists of three elements 

a An interference laboratory is mounted on a 27 foot truc k 
chassis (see Figure 3-3) The laboratory is completely equipped with the 
moat modern instrumentation for the performance of measurements from 
near xero to 44. 000 me Working space and storage facilities are provided 
and the unit is completely air-conditioncd and heated 'or personnel comfort 
The test instruments and equipment are listed in Figure 3-5a and b Each 
laboratory is sc reened and all equipment is shot k-mminted and tied down 
with quick release straps. This allows individual items of equipment to 
be easily removed from the laboratory for remote measurements Figure 
3-4 shows a block diagram of major items in the heavy duty laboratory 

b An > C-190 Jeep truck is used lor two (unctions A 10 k%a 
gasoline driven engine generator is mounted on the truck bed and suppl es 
the power necessary for operation The truck is also used to tow the 
trailer for the ISO-foot telescoping tower 

c A 150-foot telescoping tower is included as part of the labo¬ 
ratory equipment to prov.de means of raising a test antenna to a sufficient 
height to get it into the main beam of radar antennas or similar radiators. 
In the telescoped carrying position, the tower is approximately 40 feet long 
A gin-pole, winches. cables and pulleys are all included to provide means 
of erection 

3. 3 2 LABORATORIES FOR SPECIALIZED PURPOSES 

Laboratories for specialized purposes are shown in Figures 3-7 
3-8, and 3-9. The size and type of laboratory van and the type of equip¬ 
ment in each case depends upon the tests to be made as well as the con¬ 
ditions of operation and the cost considerations. In general, the greater 
the quantity of data desired, and the wider the frequency range, the larger 
the laboratory will be and the more equipment will be required. 
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Figure 3-3. Heavy Duty Mobile Laboratory 
(One oí four owned and operated by Frederick Research Corporation) 
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Figure 3-5«*. List uf Fest and Measuring Equipment used in 
Fi eder ic k R esrarc h Cor pur at ion • Heavy Duty Mobile Laboratories 
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Figure 3-5b. Test and Measuring Equipment 
(Continued) 
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Figure 3-6. Inside View! oí ar FRC Heavy Duty Mobile Laboratory 

3-2« 



f 

Figure 3-7. A Light Duty Mobile Laboratory Constructed By 
Frederick Research Corporation for a Special RF! Survey 

Figure 3-8. Interior Views of the Light Duty FRC Mobile Laboratory 



Figure 3-9. A Large 'I railer Type I^borat.>ry Designed and Constructed 
by Frederick Research Corporation for a Special Army Project 
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4. TYPICAL INTERFERENCE TESTS 

Interference measurements may be made either inside the 
laboratory of under actual environmental conditions. The principal 
advantage ora laboratory measurement is that the test can be accom¬ 
plished under known and standardized conditions This fact makes 
the determination of the radiation, conduction, and transmission of 
energy by components or equipment units particularly amenable to 
laboratory techniques. On the other hand, field tests provide informa¬ 
tion on the characteristics of an equipment in its actual operating en¬ 
vironment. These results, because of the reflection, refraction, and 
absorption effects of environmental objects, may differ considerably 
from those obtained in the laboratory. 

In this section we will discuss typical tests on various types of 
equipment and components. (Details of measurements necessary to ob¬ 
tain spectrum signatures are presented in Chapter 7). 

4 I measurement OF THE RADIATION PATTERN OF A HIGH GAIN HF 
ANTENNA 

In order to maximize both the transmitted power efficiency and 
the received signal effectiveness in the high frequent y region of the radio 
spectrum, emphasis is placed on the design and testing of large, high 
gain antennas. The concept of high main lobe gain connotes considerable 
directionality. In addition, the problem of unintentional interference 
from off-axis radiations has led to the reduction of side-lobe levels throng 1 

the use of designs such as the Tapered Aperture Hern and multiple rhom¬ 
bic antennas with gains of 20 to 25 db. stdelobe suppressions of 15 to 
20 db and dynamic ranges in the order of 50 to 60 db overall. The testing 
of these antennas is normally accomplished in the laboratory by making 
pattern measurements on scale models at UHF wavelengths, but because 
of the variations in radiation patterns c aused by the operational environ¬ 
ment. it is of'en highly desirable to perform field measurements. 
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With a large, f.xed installation. such as an HF rhombic antci.na 
the n « a s u r em ent of three-dimensional j.jttrrn» require airborne as well 
as g-omd-based equipment I he aircraft may be either fixed or rotary 
wing Helicopters oiler the advantages of landing area versatility, 
maneuverability, and low forward speed Fixed wing aircraft are more 
stable at high elevations, offer more load carrying ability, and have far 
le», vibration Let us assume lite use of a helicopter. Because oí vi-
bratiori. it is desirable to carry the signal source and transmitting an¬ 
tenna jh ard the aircraft and connect the antenna under test to the re-
• vii • g equipment Regardless of the type oí pattern being measured, 
the edition azimuth position of the sour< e relative to the antenna under 
test must l>e known ««t all times. Sin, e thr er-d.mens tona I tracking radar 
is generally not available and farfield distance is not excessive at these 
frequencies, an optical tracker has proven satisfactory. Range is com¬ 
puted from altitude and elevation angles After any necessary corrections 
have been made to equate received signal strengths to a constant radius 
from the receiving antenna, these signal levels are converted to db below 
peak amplitude and plotted against the azimuth-elevation position of the 
source to provide the desired patterns. 

4 1 I AIRBORNE INSTRUMENTATION 

Since a majority of the HF antennas are broadband, most meas¬ 
urement programs will involve several frequencies. Optimum use of the 
available flying time requires a multichannel signal source and a broad¬ 
band transmitting antenna, such as is illustrated by block diagram in Sec¬ 
tion A of Figure 3-10 It is desirable that the radiated power be high enough 
to permit operation of the receiver(s) with considerable input attenuation. 
This insures ample dynamic range and allows measurement at levels well 
above the ambient noise or interference Radiation of about 5 watts on an 
assigned channel should be ample at tracking ranges of two to three miles 
The transmitting antenna can be of several designs The simplest con¬ 
sists of an end-fed monopole traded I 00 to ¡¿0 feet behind the aircraft 
The monopole should be less than one-quarter wavelength at the highest 
frequency used. Of prime importance is the transmission oí a broad, 
a ngle lobe pattern so that slight variations between the axis of the anten¬ 
na and a tangent drawn to the flight path circle will not adversely affect 
the power level radiated toward the antenna under test Several other 
antennas which could be traded from th»- helicopter in elude a center fed 
broadband dipole composed of radiating elements separated by tuned cir¬ 
cuits which a.ter the electrical length w.ih frequency Another antenna, 
i.though not as pr.ii t :c able. is a standard dip' . e which can be reeled ba. k 
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Figure 3-10. Block Diagram of Test Configuration 
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Horizontal Polarization 
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into the helicopter and physically shortened as the frequency increases 
The principal disadvantage of this type antenna, aside from having to re¬ 
turn it to the aircraft often, is the requirement that ail patterns at the 
same frequency be completed before the antenna is modified. In order to 
keep the antenna well below the plane oí the helicopter rotor blade(s) and 
to lessen the possibility ol reflect.on and modulation from the rotor blades, 
it is best to trail the antenna with weights and drag devices some 100 to 
150 feet behind and below the aircraft By proper choice of aircraft speed, 
weight, and windsock drag, any desired transmission line droop angle can 
be achieved. Arrangements which have been successfully used are shown 
in Figures 3-11 a and b. 

•1 1 2 SPACE POSITION DETERMINATION 

One satisfactory method of trackrig involves a theodolite, manu¬ 
ally operated, with an angle increment out; ut connected to the events 
marker of a strip chart recorder. S n h a theodolite could consist of a high 
resolution, high magnification alidade mounted on a heavy azimuth plate. 
The azimuth plate attaches to a standard surveyor's tripod for ease of 
leveling and mobility. The vertical plane arc is unlimited. The azimuth 
plate contains small protrusions every 10 degrees of arc which are used 
to trip a microswitch suspended below the plate. This switch, connected 
in series with a oattery and the recorder event* marker, causes a pulse 
to appear on the trace every 10 degree*. A parallel circuit is used to 
mark the trace when the transmitting antenna is at a point whose azimuth 
relation to the characteristics axis of the antenna is known Thia mark 
is used to correlate Lb e fl ght path and the signal strength recording In 
cremer.ts less than 10 degrees are plotted by assuming a constant air¬ 
craft speed over any 10 degrees increment and making a linear division 
of the space between the leading edges of surceilive pulses There is 
pruv.sion or. the tracker for driving a muitifurn linear po'entiometer from 
the azimuth plate The angular pur.it:>..* of tn e tracker > m then be deter¬ 
mined by comparing a trace of the p iti'Minmeter voltage output against a 
laboratory trace calibrated in voltage output and rotation angie A simi¬ 
lar arrangement utilizing a single turn potentiometer is included for the 
determination of elevation angle 

4. 1 3 RECEIVING AND RECORDING EQUIPMENTS 

4. 1. 3. 1 Instrumentât ion 

The instrumentation for receiv ng and recording should include; 
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a. A field intensity meter covering the desired frequency 
range It would be most desirable to have a dynamr. range comparable 
to that of the recorders. 

b Ar. accurate signal generator covering the same frequency 
range. 

c A strip chart recorder with events markers and a wide dy¬ 
namic range In measurement of nigh gain HF' antennas, a dynamic range 
of about 40 db should suffice. 

Figure 3-lOb shows the basic setup for receiving and recording 
equipments. The block labeled filter is indicative of the fact that the field 
intensity meter should be properly filtered to eliminate the possibilities 
of adjacent channel interference 

4. 1 3 2 Theory of Operation 

The detected output of the field intensity meter will follow the 
variations of received signal strength in accordance with the directional 
characteristics of the antenna under test This detected output is coupled 
to the strip chart recorder, whose deflection mechanism follows and re¬ 
cords the same variations. 

The strip chart recorder events markers are coupled to the 
tracking device. One marker is pulsed at intervals corresponding to a 
10 degree change in azimuthal bearing The strip chart recorder, there¬ 
fore. records a rectangular plot cf received signal strength vs the azi¬ 
muthal bearing oí the signal source The other events marker is syn¬ 
chronized to pulse at azimuthal reference points, e. g . the antenna s 
physical boresight location, back bores.ght, etc. The main lobe axis 
car. be referenced to a compass direction by using a standard surveyor’s 
transit. 

4. 1 3 3 Calibration 

The test set-up is calibrated 
method as follows: 

by means of the signal substitution 

a The signal 
field intensity meter. 

generator is coupled to the RF* input of the 

b The output of the signal generator is varied in increments 
of approximately 2 db and the corresponding deflection noted on the strip 
chart recorder. 
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This procedure is carried thriugiout the field intensity meter 
input attenuator range» used dur.ng the antenna pattern measurements 
and at the specific frequencies 

4 J 4 FLIGHT PATTERNS 

The flight patterns chosen for making measurements can vary 
widely It is desired that the final resulta should presr t a vertical 
plane picture of the main lube and a po.ar coordinate display a 360 de¬ 
grees azimuthal pattern taken at the elevation angle wh.-h passes through 
the peak power point of the main looe The method desc rihed in thia sec¬ 
tion places no restriction or. polarization used Either vertical or hori¬ 
zontal polarization may be used equally well Vertical patterns are meas 
ured by flying a serpentine pattern back and forth between ground reference 
points on either side of the antenna axis, as illustrated by Figure 3-12. 

TRACKING ARELA 

GROUND REF POINT -- «20* 

THEOOOl ITE 

DESIRED 
ANGULAR 
INCREMENT 

MINIMUM 
OPERATING 
ALTITUDE 

HORIZON 
GROUND REF POINT 

MAXIMUM 
OPERATING 
ALTITUDE 

figure 3-12. Serpentine Fbght Path for Obtaining Vertical Radiation 
Pattern 
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Each segment of the serpentine flight path is a constant altitude run fol¬ 
lowed by an ascending or descending 180 degree turn to reverse direction. 
The altitude changes between each segment can be adjusted to yield any 
desired incremental definition. Th«: angular coverage of the main beam 
is only limited by the minimum and maximum operating altitudes of the 
aircraft. By providing a certain minimum horizontal coverage during 
vertical pattern measurements, any azimuthal variations in the peak power 

point can be noted Qu ring a vertical pattern measurement, a selected 
altitude can be rerun at mt'-.vals determine any drift in the system 
power transfer. Azimuthal patterns arc accomplished by flying the air¬ 
craft in a constant-radius circle around the tracker while maintaining a 
constant indicated altitude, as shown in Figure 3-13. The system drift 

Figure 3-13. Azimuthal Flight Fath for Obtaining Horizontal Radiation 
Pattern 
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.s checked on these patterns by overlapping some selected azimuth at the 
end of the run. By pre-calculating the track elevation angle for many in¬ 
dicated altitudes, it is possible to preset Uie proper angle into the tracker 
and maintain the aircraft within the field of view by voice commands over 
a ground-to-air communications link This plan is valid only when the 
field of view of the tracker represents an angular variation which, when 
converted to a constant altitude "drift in" or "drift out ' error, causes 
received power variations within acceptable limits. 

4.1.5 DATA REDUCTION AND ERROR ANALYSIS 

Due to the fact that only relative s.gnal strength measurements 
are desirable for antenna pattern display, the problem of data reduction 
is quite simple and straightforward The maximum received s.gnal 
strength, for a particular pattern, is equated to zero db and all other 
values are expressed in terms of db below peak antenna gain 

The signal substitution method, employing a precision signal 
generator field intensity meter, and chart recorder, should be used for 
calibrating equipment. For relative signal strength measurements, this 
procedure should yield an uncertainty in patterns of approximately ±1 db. 

To eliminate parallax corrections the tracking device should be 
placed along the antenna boresight and ui the apparent center of the antenna 
Due to many factors, this will not always he practicable or possible There¬ 
fore* corrections must be made to the instantaneous angle tracked to arrive 
at the azimuthal bear.ng of the signai sei • e relative to the apparent center 
of the antenna. 

For obvious reasons, the flight path is held at a constant radius 
from the tracker It follows, therefore that the signal source will not 
always be the equidistant from the apparent center of the antenna Cor¬ 
rections for the path loss should be applied in these cases. 

Referring to ? gurc 3-1 1. it may readily be seen that the hne-of-
s.ght distance will be increasingly greater as the signal source altitude 
(therefore, elevation angle) is increased As in the previous case, path 
loss corrections should again be taken into account 

As discussed previously in Section 4. 1.4, flying check altitudes 
and overlapping boresight measurements should eliminate the uncertainty 
of receiver drift and or charges in transmitter radiated power. 
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4. 1. 5. 1 Data Presentation 

The measured data should be p-esentrd in a format designed to 
project the more useful Information and attempts should be made to ren¬ 
der quick access to such data Figures 3-14 and 3-15 show vertical and 
horizontal patterns respectively measured recently by Frederick Research 
Corporation in the field. Although the desired information for antenna pat¬ 
terns is contained in the figures, additional data may be used in other 
presentations Some examples are. 

a. A plot of beamwidth at the half power points in the hori¬ 
zontal plane vs frequency 

b Beamwidth at the half power points ;n the vertical plane 
vs frequency 

c. Elevation angle of main lobe axis vs frequency (vertical 
plane) 

d. Principal sidclcbc and backlobe levels may be tabulated 
vs frequency. 

e. If the design or model data is made accessible to the meas¬ 
urement contractor, it may be desirable to also make comparative plots 
of model to measured data 

4 16 AN ALTERNATE PROCEDURE 

The procedures described in the previous paragraphs are designed 
to yield vertical patterns through the main lube at cither pular ization, and 
azimuthal patterns through the peak power point of the main lobe. Regard¬ 
less of the number of frequencies or polarizations chosen, the main beam 
vertical plane definition may be selected by the choice of run separation 
for the serpentine path There is no data gathered on the vertical patterns 
of the secondary lobes 

As an alternate procedure, it is possible to obtain multiple azi¬ 
muthal patterns at the same frequency and polarization. The vertical 
plane radiation is then roughly determined for all of the lobes by plotting 
the relative field intensities from each pattern for a selected azimuth. One 
drawback, however, is encountered where there is a significant difference 
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Figurr 3 — 14. Vertical Radiation Pattern 



Figure 3-15 Hcr»->ntal Radiation Pattern 
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in the take-off angles of the secondary lobes There is the possibility of 
obtaining little or no coverage, depending upon the disparity of take-off 
¡ngle. There is. of course, the same problem existing for the num lobe 
unless preliminary data is available showing a probable vertical distribu¬ 
tion 

4 2 INTERFERENCE TEST OF A RECEIVER TO DETERMÍNE CONFORMANCE 
TO A MILITARY SPECIFICATION (Ml I-I -16913A) 

The tesis described in this section are typical of military spec i-
fication certifie ation tests on radio receiver*. For the purposes of the des¬ 
cription. we will consider Radio Receiver Model X, having a frequency range 
of JO to 260 me. manufactured by Smith and Brown. Inc. (fictitious name). 
Audio, Video and IF outputs are provided. Video bandwidth is variable from 
I to 300 kc. Three IF channels or modes are available: Audio Gain. IF Gain. 
3FO On-Off. BFO Pitch; Squelch and AGC-Manual. The set operates from 
115 volts ac and has provisions for a 5017 antenna input to each bard. The 
receiver employs double IF conversion when operating in the 10 kc AM IF’ 
mode. A 1 me IF output is available at the rear of the c hassis for thia mode 
of operation. In the 300 kc. AM and FM modes, an IF,output of 21 4 me is 
provided. 

4. 2. I GENERAL INFORMATION 

Purpose of Test: 

Evaluation of the degree of conformance of Radio Receiver 
Model X to Specification M1L-I- 1691 OA(SHIPS) including 
Amendment 2 

Manufacture r : 

Smith and Brown, Inc. 

Manufacturer's Type or Model No : 

Mode! X, Serial No. XN-1. 

Drawing, Specification or Exhibit: 

MIL-1 - 1 691 OA(SHIPS) and MIL-I-1 691 OA(SHIPS) Amendment Í 

Quantity of Items Tested. 

One. 



Security Cias 9 Jicat tun of Items 

Uncíase d :ed 

Date Test Completed. 

1 5 January 1962 

Test Conducted By 

L Q. Fleenor, J. A. Hopkins, and J. D. Powers. 

Disposition of Specimens: 

Returned to Smith and Brown, Inc. 

4 2. 2 SUMMARY OF THE TEST 

The Model X Radio Receiver was tested over tne frequency range 
of 0 014 me to 10 kmc to ascertain the degree of conformity to MJL-1-
1 691 QA(SHIPS) and MÙL-1- 1691 OA(SHIPS) Amendment 2. Tests were per¬ 
formed for conducted and radiated interference and data was obtained for 
the equipment spectrum signature 

The equipment was checked for both narrow and broadband inter¬ 
ference Gross deviations from the specification were noted in a pre-check 
of the test sample. RFI fixes were then employed to eliminate or reduce 
interference below specification limits AU data recorded in this report 
was obta.ned after implementation of the RFI fixes. 

The only deviation from the specifications noted after implementation 
of the RFI fuies was line rad.ation of the 6th harmonic of the ¿1 4 me BFO 
at ¡28 me Investigation shewed that the power line was cut to 1/2 wave¬ 
length of ¡28 rm during tins lest When the line length was changed to a 
non-harmonic length, this harmonic did not appear above specification 
limits 

4 2 3 RFI FIXES EMPLOYEDIN MODEL X RADIO RECEIVER 

4 2. 1 1 Line Conducted (Power Line) 

a. Add line filter m shielded box 

b. Add bypass capacitors on power transformer high voltage 
secondary (for low frequency hash) 
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4 2. 3 2 IF Chassis 

a Add L match mg network to 1 me IF output 

b. Add shield around both IF outputs. 

c. Add choke in 22. 4 oscillator B + lead and bypass capacitor 

d Add . 22pi to B4 lead of 1 me BFO. 

e. Add bypass (. 0047) to 10 kc B+ lead 

f . Change ground point of existing bypass (away from 
22 4 me oscillator) 

4 2 3. 3 High Band Tuner (55-260 me) 

a. Add 6. 8ph choke in 150 volt 04 lead to -oral oscillator 

4 2 4 TEST EQUIPMENT DESCRIPTION 

4. 2. 4 1 Test Apparatus Used 

In accordance with Table 1 of MIL-1 -1 691 0A. the following Class 
1 interference measuring instruments were utilized during the tests 

Interference Measuring Instruments 

Frequency Range Model No. Serial No. Calibration Date 

0.014 - 0. 15 me 
0. 15 - 25 me 
20 - 400 me 
375 - 1000 me 
1000 - 2240 me 
2140 - 4 340 me 
4200 - 7740 me 
7360 - 10,000 me 

Stoddart NM-10A 
Stoddart NM-20B 
Stoddart NM-30A 
Stoddart NM-50A 
Polarad FIM-L 
Polarad F1M-S 
Polarad FIM-M 
Polarad F1M-X 

239-35 
251-20 
248-3 
249-24 
147 
131 
138 
1 38 

9-26-6 1 
9-18-61 
9-25-61 
9-1-61 
10-4-61 
10-3-61 
10-3-61 
9-30-61 
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b requeue y Range • ■ el N serial Nc. Calibration Date 

5 kc - So m< 
10 me- 4 SO me 

4 u - 12 30 mt 
9 .J ■ ¿400 rr . 
2 1 50 - 4690 me 

44 • 

General Radio 1UU1-A 
Hew.ett-Packard 608 C 
H» wiett-Packard 612A 
Poiarad MSG -1 
Pola rad MSG-2 
Boonton 2O2E 

369-02403 
299-0 1690 

36 3 
261 

5019 

9-9-61 
9-13-61 
9-12-61 
9-15-61 
9-14-bl 
10-19-61 

rrequency Range Model No. Serial Nc. Calibration Date 

10 c ps - 4 me Hewlett-Packard 4C0H 78S4 9-19-61 

d. Polaral I íeid Intensity Measuring Equipment Specit > at.on 

Frequency Range. 1000 to 10,000 me in 4 bands. 

Tuning Unit FJM-L 1000 tj 2240 me. 

T umng Unit 3 IM - S. 2 140 to 4 340 me . 

Tuning Unit FIM-M 4200 to 7740 me. 

Tuning Unit FIM-X: 7 360 to 10,000 me. 

Frequency Calibration Accuracy. Better than 1 2%. 

Input Sensitivity: Better chan -85 dbm. 

Input Impedance; 50 ohms nominal. 

Bandwidth 5 rnc 6 db down, 3 me 3 db down. 

Image and Spurious Response Rejection. Better than 60 db. 

Signal Attenuation 80 db maximum. 

RF 0 to 60 db in ZC db steps. 

IF ¿0 db. 

Inte r med-atc Frequencies 

First 260 rnc 
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Second. 140 me 

Third. 40 me. 

Calibration Signal: 0.2 v rms to 5 mic-ovolts. 

Pou e r Supply 1 15 v ac. a 10 %, 50 cp», single-phase. 

e. Antennae and impedance matching devices used during the 
teste were those specified by the equipment manufacturer or by Specification 
MIL-I-169 I0A. 

4.2.5 TEST PROCEDURE 

The test procedures were identical to thoee described in the follow¬ 
ing sections of the Specifications* MIL-1- 169 lOA(SHlPS) and M1L-I-16910A 
(SHIPS) Amendment 2. 

4. 5. 1. 4.4 
4. 5. 1.4. 5 
4.5. 1.4.6 
4. 5. 1. 4.7 
4. 5. 1.4.11 

4. 4 
4. 4. 1 
4. 4. 2 
4. 4. 3 
4. 5. 1. 3. 1.2 
4. 5. 1. 3. 1. 3 
4. 5. 1. 4. 3 

3. 8. 2 
3. 8. 3 
3. 8. 4. 1 
3. 8. 4. 2 
3. 8. 4. 3 
3. 8. 4.4 
3. 8. 4. 5 

These sections are referenced in lieu of reporting them herein. 

Specific test procedures preface each report of test data. 

4. 2. 6 GENERAL TEST CONDITIONS 

The test conditions outlined in M1L-I-16910A were followed as 
near as practicable. Equipment configurations for the various test setups 
are shown in Figures 3-16. 3-17, 3-18. and 3-19. 

Radiation from the line and test sample from 25 me to 1000 me 
was measured in "open space ' as defined by the specification. Radiation 
from the line and test sample from 0.014 mr to 25 me was measured in¬ 
side the Frederick Research Corporation shielded mobile laboratory at 
the 'open space'' site in Spencerville. Maryland. All other measurements 
were made inside the mobile laboratory at Smith and Brown, Inc. 

• Copies of Military Spec ific ations on Interference are contained in 
Volume 4. Appendix V of this Handbook. 
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Power was supplied to the mobile laboratory by a IC kw Onan 

generator mounted on a Jrrptrjck. Line voltage was 117 volts *3% for 
all tests. 

The test sample operated normally throughout the tests. 

Specific test conditions preface each report of the data collected. 

4.2.7 REPORT TERMS 

Results of the tests specified in MlL-1 - 169 IÜA were reported in 
standard un.ts as follows 

a. Radiated 

( 1) Broadband RFÏ in microvolts per meter per kilocycle 
Landwidth. 

(2) CW type RF1 in microvilli. per meter. 

b. Conducted 

(!) Broadband R f I in mic roc < Its per > o< yc c bandwidth. 

(2) CW type RF1 in microvolts. 

The spurious response and noise limits are given in the equiprnei 
spec ilic atiun in terms of db below the require d response. therefore. the 
results of tests required by the equipment specification were reported in 
the füllt wing terms. 

C. Cund ctrd 

(1) Broadband kFI in db above ore rm< revolt per k. ucytie 
bandwidth. 

(2) CW kF : i. rib above one nue r •coll. 

'I hese terms n ay be- converted to the standard units by the app.i-
cation of the follow.'. g formula 
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4.2.8 SAMPLE CALCULATIONS 

a. Equipment: NM-2CB 

Frequency of broadband conducted measurements 0. 15 me 

Meter reading 20 pv 

Attenuator. X 10 

Correction factor. J 

Random noise bandwidth 2. 26 kc 

Microvolts per kc (pv/kc) 

(ZOhiohD eo z 
* -; sr— • ¿. ¿o 

dh above I m:c revolt. kc (dh. ev kc) 

- 20 log 88.6 = 39 db j «ove 1 pv kc 

b. Equipment NM-50A 

Frequency of broadband radiated measurements 7 SO n 

Meter reading »8 pv 

Attenuation- X ! 0 

Correction factor: 0.65 

Random noise bandwidth ~ Impulse bandwidth x 0.74 

at 7 50 me = (500 kc)(.74) = 37D ke 

(1R) (10) (0.65) 
pv/kc = -—-= 0.31op- kc 

db. hv/kc = 20 log 0. 316 = -10 dbuv, kc 
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No correction factor lor cable length vs frequency was used in 
the calculations since all Frederick Research measuring equipment is cali¬ 
brated using a 20'0" length of RG-9 coaxial cable which is employed in the 
test s. 

4. 2. 9 POWER LINE CONDUCTED RFI TEST 

4. 2. 9. 1 Specific Test Conditions 

A non-shieideo 1-iead power line cut ab short as practicable was 
connected to the line impedance stabilization networks. The third lead was 
connected to ground. No Rf input was provided. (See Figures 3-16 and 
3-17). 

4. 2. 9. 2 Specific Test Procedure 

The tuning dial was set to 45 me on band I and 160 me on band 2 
( mid-points). Scans were made in each position of the IF channel selector. 

Measurements were made after all operating controls were maximized for 
interference. Measurements were made as specified over the frequency 
range of 0. 15 me to 100 me on each phase of both bands The results are 
tabulated in the following pages. 

4.2.9. 3 Test Results (Table 3-A) 

No RFI was observed that exceeded specifications. 

figure 3-16 Line Impedance Stabilization Networks 
Mount-ng and Connection De'.aii 
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TABLE 3-A (Continued). POWER LINE CONDUCTED 
REI TEST FROM 0 15 TO I UU Mi 

Figure 3-1 < Equipment Arrangement .1 Test Sample 
(Model X Receiver), Lin« Impedance Stabilization 

Netwur« ?, Gruur.-.i Plane ai d Stu«: ard NM*¿vB 

1 



■t. 2. 10 EXTERNAL SYSTEMS CONNECTIONS CONDUCTED REI TEST 
21.4 me IF OUTPUT JACK 

4. 2. JO. 1 Specific Test Conditions 

A 10 pv. 45 me signal was fed into the RF jack oí Band 1 and a 
1U J4V. 16U me Signal was fed into the RF jack of Band L. 

4.2. 10.2 Specific Test Procedure 

The tuning dials were set to the test signal tor each band. A 
measurement was made of the desired response (21.4 me). Both bands 

.SCanned in CaCh P®»'“»» di the IF channel selector It™ 0. 15 me 
to 100 me for spurious responses and RFI. The results are tabulated in 
the following pages. 

4. 2. 10. 3 Requirement 

The test sample equipment specification requires all spurious 
responses arising from the equipment Use’l to be 40 db below the desired 
response to a 10 signal 

4. 2. 10. 4 Desired Response 

1 i l. 5 db at 21.4 me - Band 1 

I 1 1 dh at 21.4 me - Band ¿ 

4. 2. 10.5 Spurious Limit 

111. 5 db - 40 db = 7 1. 5 db - Band 1 

I I ; db - 40 db - 7 1 da - Banti 2 

4.2. 10..6 Test Result (Table 3-B) 

No response was observed in excess of specifications. 

4. 2. 1 I EXTERNAL SYSTEMS CONNECTIONS CONDUCTED RFI TEST 
1 me IF OUTPUT JACK 

4.2. 11. 1 Specific Test Condition 

in ,, A 10 HV ' 45 mc ,iBnal 'ed the Rf' Ja k “i Band 1 and a iU pv. 160 me Signal was fed into the RF jack of Band i. 
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FREQUENCY TEST RANCE O SMC MC 

TABLE 3-B. EXTERNAL SYSTEMS CONNECTIONS CONDUCTED HEI TEST 
21.4 MC IF OUTPUT JACK 



FREQUENCY TEST RANG» 0 IS me - 100 me 

F r equenc y 
tMfpcyrin' 

Typ« 
Interfer«n<• 

Rand 1 
JO - 60 me 

Band 2 1

SS - 26« me 

16. C 

14 l 

1% »5 

21. S 

U ’ 

22.4 

22. 6 

22 • 

24 7 

32 

JR 4 

40. C 

44 « 

SI 2 

SJ J 

64 2 

64. J 

67 2 

67. J 

BS 6 

RR 6 

R9 6 

100 

GW 

CW 

CW 

C w 

c * 

CW 

CW 

CW 

CW 

CW 

CW 

CW 

C * 

CW 

:: 
Cw 

C w 

C w 

C w 

Cw 

C w 

1. s 

6 0 

H S 

1 U . S-

31. S 

29 S 

46. S 

o.s 

1 3. 3 

62.0 

26 

4 S 

69 8 

IB. » 

4 

:2 h 

* 5

1 1 

8 

29 1 

1. 2 

7; 

.'6. 1 

10 

»9 S 

•5. H 

J 

Ü 2 

S 

TABLE 3-B (Continued). EXTERNAL SYSTEMS CONNECTIONS 
CONDUCTED REI TEST 21. 4 MC IF OUTPUT JACK 



4.2. 11.2 Specific Test Procedure 

The tuning dials were set to the test signals for each band. A 

measurement was made of the desired response (1 me). Both bands were 
then scanned in each position of the IF' channel selector from 0. 15 me to 

100 me for spurious responses and RFI. The results are tabulated in the 

following pages. 

4.2.11.3 Rcqui re ment 

The test sample equipment specification requires all spurious 
responses arising from the equipment itself to be 40 db below the desired 
response to a 10 pv signal. 

4. 2. 11.4 Desired Response 

111.2 db at 1 me for Band 1 

110. 5 db at 1 me for Band 2 

4.2. 11.5 Spurious Limit 

1 1 1.2 db - 40 db = ¿ ...j for Band 1 

1 10. 5 db - 40 db - 70. 5 nh f r Band 2 

4.2. 11.6 Test Res lit (Table 3-O 

No response was ■ bscr-.ed in excess oí spec liications 

4. 2. 12 EXTERNAL SYSTEMS CONNECTIONS CONDUCTED RFI TEST 
VIDEO OUTPUT JACK 

4. 2. 12. 1 Specific Test Cond-fi. n 

The foil« wing signai:, were id into (he RF input of each band. 

Band 1 - 10 pv, 45 me, modula* ed ^0% with kc for 300 and 
10 kc test. 

Band I - 10 pv, 55 me. 100 kc deviation, 1 kc modulation for 

FM test. 

Band 2-10 pv. 160 med .lated 50% w »h ; kc fur 300 and 

¡0 kc test 
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FRCQVFNCY TEST RA.NCE C ■ !C0 MC 



FREQUENCY FEST RANGE 0. tS - ICC MC 

TABLE 3-C (Continued). EXTERNAL SYSTEMS CONNECTIONS CONDUCTED 
RFI TEST 1 MC IF OUTPUT JACK 

li
-l
 

li
 

l' 

Type 
!M*ri>rricv 

Hand 1 
♦C - b9 me 

R*nd 2 
$4 . ZbO me 

Frequency 
(Mrtiryclc. Interference 

Ba<4 1 
IC - bO m< 

Retd 2 
$$ - ZbO me 

:0 

to 4 

: i 

z o 

z. * 

¿. • 

! i i • 

1 “ ' 

•’ 0 

tR 0 

¿4 2% 

C W 

C w 

CW 

C W 

Cw 

HR 

RR 

». w 

f * 

C w 

». W 

C« 

CW 

CW 

c w 

C w 

HR 

C W 

CW 

Zb 2 

21 b 

-2 » 

2 J. » 

i« 

zn 

29 * 

!» 2 

-I 4 

!b 5 

11 

-0. 1 

22 » 

It 7 

1 1 

lb 6 

14 5 

21 

21 4 

21.5 

22. 5 

2) 2 

n » 
24 2 

Il I 

"• 

14 

1$ 

lb 

JR « 

40 9 

42 4 

44. 4 

b4. 2 

bl. 2 

CW 

CW 

C * 

C w 

« 

CW 

C w 

c w 
r w

C w 

c. 

cw 

c w 

C w 

Cw 

Cw 

CW 

Sb 2 

10 

I» « 

12 

2. b 

4 2 

114 j 

20 4 

S S 1 

* 5 

$ ! 

b 

4 

52 1 

:: 

« 
■ 



TARl.E 3-C (Continued). EXTERNA! S YST EMS C ONNEC T IONS 
CONDUCTED RFI TEST 1 MC IF OUTPUT JACK 

Rand 2-10 pv. IfcO n-.c, ‘.00 kc deviation. 
FM test. 

kc modulation for 

4. 2. 12. 2 Specific Test Procedure 

The tuning dials were set to the test signals for the respective 
band and IF channel. A measurement was made of the desired response. 

Each IF channel was scanned on both bands over the frequency range of 

0. 15 me to 100 me for spurious responses and RFI. The results are tabu¬ 
lated in the following pages 

4. 2. 12. 3 Requirement 

The test sample equipment specification requires ail spurious 
responses arising from the equipment itself t j be 40 db below the desired 
response to a 10 ,iv signal. 

The equipment specification gives the minimum allowable signal-
to-no:se ratio permitted for a given input. Measurements made with the 

specific inputs in each case shewed that the noise limit was above the 

spurious limit. Therefore, the m^rv reitratne spurious limit was cited 
on the data sheets. 
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4.2. 12.4 Desired Response 

IF Position Band 1 
db above 1 ^v 

300 kc 143. 3 

10 kc 129.5 

FM 136.8 

4. 2. 12. 5 Spurious Limit 

IF Position Band 1 
db above 1 uv 

3C0 kc 10 3. 3 

10 kc 89. 5 

FM 96.8 

Band 2 
db above 1 pv 

142. 8 

129.0 

136. 7 

Band 2 
db above 1 yv 

102. fl 

79. 0 

96. 7 

4.2.12.6 Test Result (Table 3-D) 

No RFI was observed that exceeded specifications. 

4. 2. 13 EXTERNAL SYSTEMS CONNECTIONS CONDUCTED RFI TEST 
AUDIO OUTPUT JACK 

4.2. 13. 1 Specific Test Condition 

The follow.ng signals were led into the RF input of each band. 

Band 1 - 10 pv. 45 me, modulated 50% with 1 kc for 300 and 
10 kc test. 

Band 1 - 10 pv, 55 me, 100 kc deviation, 1 kc modulation for 
FM test. 

Band 2-10 pv, ¡00 me, modulated 50% with 1 kc for 300 and 
10 kc test. 

Band 2-10 pv, 160 me. ¡00 k* deviation, 1 kc modulation for 
FM test. 
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TABLE 3-D. EXTERNAL SYSTEMS CONNECTIONS CONDUCTED REI 
TEST VIDEO OUTPUT JACK 



TABLE 3-D (Continued). EXTERNAL SYSTEMS CONNECTIONS 
CONDUCTED RFI TEST VIDEO OUTPUT JACK 

4.2. IL 2 Specific Test Procedure 

The tuning dials were set to the test signals for respective band 
and IF channel. A measurement was made of the desired response. Each 
IF channel was scanned on bo’h hands over the frequency range of 0. 15 me 
to 1000 me for spurious response* and R r’l The results are tabulated in 
the following pa^rs. 

4.2 I 3. 3 Requirement 

The test sample equipment specification requires ail spurious 
responses arising from the equipment itself to he 40 db below the desired 

response to a 10 pv signal. 

The equipment spec if.cation gives the minimum allowable signal* 
to-noise ratio permitted for a given input. Measurements made with the 
spec i»i< inputs in each case showed that the noise limit was above the 

spurious limit. Therefore, the more restrictive spurious limit was cited 

on the data sheets. 
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4. 2. 1 3. 4 Desired Response 

IF Position 

300 kr 

¡0 kc 

FM 

4. 2. 1 3. 5 Spurious Limit 

IF Position 

300 kc 

10 kc 

Band 1 
db above 1 pv 

141.5 

1 38. 7 

140.0 

Band 1 

db above 1 pv 

101. S 

98. 7 

100. 0 

Band 2 
db above 1 pv 

140. 0 

1 39. 4 

140. 5 

Band 2 

db above 1 pv 

100. 0 

99. 4 

100. 5 

4.2.13.6 Test Result (Table J-F.) 

No RFI was observed that exceeded specifications. 

4 2. 14 RECEIVER OSCILLATOR INTERFERENCE TEST 

4.2. 14. I Specific Test Condition 

The test sample receiver RF input was connected to the 5012 

FIM input using RG-9A/U cable. 

4.2. 14.2 Specific Procedure 

The FIM was tuned to the test sample oscillator frequencies 

and ail receiver operating controls were tuned for maximum response 
on the FIM. 

4 2. 14. 3 Requirement 

Receiver oscillator interference shad not exceed 400 pu watts. 

4.2. 14.4 Test Result (Table 3-F) 

No interference from the receiver oscillator was observed to 
exceed 400 pp watts. 
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TABLE 3-E. EXTERNAL SYSTEMS CONNECTIONS CONDUCTED RFI 
TEST AUDIO JACK 



FREQ’-'F-NC Y TEST MANCE 0 IS-IKnt 

TABLE 3-E (Continued). EXTERNAL SYSTEMS 
CONNECTIONS CONDUCTED RF! TEST AUDIO JACK 

TABLE 3-F. RECEIVER OSCILLATOR 
INTERFERENCE TEST 



4.2 15 UNDESLRED RADIATION TEST 

4. 2. 15 1 Spec ific Test Condition 

The test «ample receiver Rh’ input was connected to a non-
indu<tivc dummy load ot arbitrary value (5. 4 ¿0, 36, 54. 66, and 94f2s) 
(See Figure 3-18) The d^mmy load was connected to a series decoupling 
resistor having approximately ten times the resistance oí the dummy load. 
The decoupler was connected to the F1M with an RG-9A Y cable 

4.2.15.2 Specific Pro.edu 

The FIM was tuned to the oscillator frequency of the receiver 
All operating controls of the test sample were adjusted for maximum 
response on the FIM and the response level noted. The decoupler resistor 
and RG-9A/U cable were then connected to a signal generator. The signal 
generator was then tuned to give maximum response on the F1M. Its out¬ 
put level was adjusted to the same reference noted above. 

4. 2. 15. 3 Requirement 

Receiver osc.llator radiation nut to exceed 400 pp watts. 

4.2. «5.4 Test Result (Table 3-G) 

No oscillator radiations were observed to exceed 400 pp watts 
with any load. 

Figure 3-18. Connection of Dummy Loads 
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TABLE Î-C UNDESIRED RADIATION TEST 



4 2. 16 EQUIPMENT RADIATED RF1 TEST 

4.2. 16. 1 Specific Teat Conditions 

Radiated test from 25 me to 1000 me uerr conducted in 'open 
space" as shown ir Figure 3-19. Due to the high RF ambient level below 

25 me the portion of the test from 0.0 14 me to 25 me was conducted inside 

the FRC shielded mobile laboratory at the "open space" site. Power lead 
length was limited to 2 feet in both tests. A ground plane with an earth 

ground was employed in the open space test for operating convenience 
and personnel salety. 

4. 2. 16. 2 Specific Procedures 

Each band was »canned in each 
ings were taken on each band at specified 

IF position and maximized read-
intervals. 

4 2.16.3 Tert Results (Table 3-H) 

Radiation at 128 fl me was observed to be 2 2pv above the speci¬ 
fied limit of 14 2pv Investigation of the c ircuitry indicated that the power 

line lead length (2 feet specified outside equipment cover plus two feet in¬ 
side cover to allow for normal installation) was one-half wavelength at 
128 me The signal observed was the bth harmonic of the 21 4 me BFO 
Since this condition will normally exist only ander the prescribed test con¬ 
ditions and will not occur when the power line is of random length, it is 

recommended that an exception to the specification be allowed 

Figure 3-10. "Open Spac r’ Test Set-up 
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0|4K< TO 1009 "-C 

TABLE 3-H (Continued) EQUIPMENT RADIATED RFI I ES I 

4 2 17 EQUIPMENT SPECTRUM SIGNAI URE RADIATED 

4 2 I 7 I Specific T*-st Conditions 

A nominal 50 ohm load connet ted tv the input ut the receiver 
under test. The field intens ty mea sur mg equipment was : <«nnrctrd to the 
load by a coaxial culT 

4 2 17 2 Test Procedure 

The field intensity measuring equipment was tuned to the oscilla 
tor frequencies of the receiver under test, its narmomes and other areas 

oí interest A further check for spurious emissions was made by scanning 
thr frequency spectrum from 14 Kc to 1000 m< 

4 2.17 J Test Results 

Signals in the frequency spectrum from 21. 4 to 990 me were ob¬ 

served during the spectrum scan These signals are plotted in dbm as a 
function of frequency (Sec Figures 3-20, 3-2¡. and 4-22) 
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Figure 3-¿0. Equipment Spectrum 
Signature (.01-10,000 me) 

Figure 5-21. Equipment Spectrum Figure 3-Z2. Equipment Spectrum 
Signature (10-1000 me) Signature ( 100- 1000 me) 
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4 Z IB EQUIPMENT SPECTRUM SIGNATURE SUSCEPTIBILITY 

4 2 l 8 1 Spec t c Test Conditions 

A signal generator was connected • the RE input oí the receiver 
under test by means of a coaxifti table to determine the minimum percep¬ 
tible level of the receiver 

42 IB L Test Procedure 

The rece.ver under test and the signal generator *erc adjusted to 
identical frequencies and the receiver was adjusted tv maximum sensitivity. 
The output of the signal generator was reduced tv the minimum percep* 
tibie level ut the receiver under test and the results recorded This test 
was performed at three discrete frequencies per octave over the tuning 
range of the receiver 

Signal generators covering the frequency range from 14 kc to 
10 kmc were used to furnish a minimum input level to the antenna ter¬ 
minals of the receiver of 86 db above the minimum perceptible level of 
the receiver 

4 2.18 3 Test Results 

Minimum perceptible signal levels of the receiver under test arc 
shown in Table Î-I. An overall graph of susceptibility is shown in Figure 
1-23 Figure* 3-24. 3-25. 3-26. 3-27. 3-26. and 3-29 show the suecep-
tibility to the individual test frequencies 

TEST REPORT SIGNATURES 

This is to certify that to the best of my knowledge the attached 
report correctly represent* the results of the test performed upon the 
Model X Radio Receiver for Smith-Brown. Incorporated. 

This data is warranted only for the configurations utilised dur¬ 
ing the test and only if all R F I fixes, as listed in this report, are employed 

ATTEST:_ 
J. D Powers 
Electronics Engineer 
F rederic r Research Corporation 
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MPS «ia !••• Ihm . :, 

TABLE 3-1. SUSCEPTIBILITY TEST 



Figure 3-24 Susceptibility Test (30 me) 
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Figure 3-27. Susceptibility Test (120 ’ne) 
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4.3 TESTS TO DETERMINE METHODS OF GROUNDING CABLE SHIELDS 
FOR SUPPRESSING RADIATION AND MINIMIZING SUSCEPTIBILITY 

In this section tests are des* rated which were made on various 
cable grounding configurations to determine relative effr c t. venes s from 
the standpoint of suppressing rad.ation from the cables and of minimizing 
the susceptibility of the cable load Each configurât ion was checked over 
a frequency range of 0 015 to 4200 megacycles The toial cable length 
was 160 cm and was plated 4 cm above the ground plane In general, 
grounding of the uhield at the generator end for radiation suppression and 
at the receiver end for minimizing susceptibility proved to be the best 
compromise method for all cable configurations The test set-ups were 
made in general accordance with Military Specification MIL-1-26600. 2 
Juae 1958. and Amendment 2, 9 May I960 (which superseded Amendment 
1 17 June 1959) 

4 3 1 DESCRIPTION OF TEST APPARATUS 

The test equipment used is listed below Each piece meets the 
requirements for approved interference measuring instruments as set 
forth in Table I, page 43, of MIL-I-26600 

Frequency Range 

0 014 - 0 25 me 
0. 015 - 25 me 
20 - 400 me 
375 - 1000 me 
1000 - 10. 000 me 

Model No 

NM-10A 
NM-20B 
NM-30A 
NM-50A 
F IM 

Manufa< turer 

Stodda rt 
Stodda rt 
Stodda rt 
Stodda rt 
Pola rad 

The following signal genera rs were used as s.gnal sources 

Frequency Range Model Nc. 

0 1 5 - 10 me 1 001 -A 
10 - 480 me 608C 
950 - 2400 m< MSG- 1 
2000 - 4600 me MSG-2A 
4600 - 10. 000 me FIM 

General Radio 
Hewlett-Packard 
Pola rad 
Pola rad 
Pola rad 

4 3 2 TEST CONDITIONS 

The cable sample was mounted on a ground plane ( 3 ft x 8 ft ) 
and was positioned in accordance with MJ L-1*26600 Ail antennas and 
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Figure 3-32. Use oí Horizontal Dipole Antern.a 
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measuring equipment were positioned in accordance with the require¬ 
ments of MJL-I-26600 Figures 3-30 through 3-32 show typical test 
set-ups 

The tests for each of the configurations were made identical 
with respect to generator, receiver, load and total cable length, thus 
permitting a direct comparison of the various results Each configura¬ 
tion was tested at three different frequencies within the range of 150 
kilocycles to 1000 megacyclen. which were selected as follows 

Frequency 1 was selected such that the total test cable 
length was equal to 1/4 wave length of the transmitted 
frequency 

b Frequency 2 was selected such that the total test cable 
length was equal to 1 í zavr length of the transmitted 
frequency 

c Frequency 3 was selected such that the total test cable 
length was less than 0 05 wave length of the transmit¬ 
ted frequency. 

The length {J. ) of the bonding jumpers was - 4 cm and ’ L/40 where L 
was the total length of the test cab.e 

A total cable length of 16G cm was selected as a length which 
would be compatible with the size ol the ground plane Thus, the length 
of bonding jumpers was 4 cm and the test frequencies were 47 mes. 94 
rncs, and 9 4 mes 

4 3 3 TEST RESULTS 

The following pages contain plots of tne data obtained from radia¬ 
tion and susceptibility measurements made on the various cable configura¬ 
tions Schematic diagrams ol the configurations appear at the top of the 
respective data sheets Two ta^ts common to all plots are 

a The reference point 10 de) was established by the indicated 
meter level with the shield ungrounded for each cable con¬ 
figuration at each frequency The amount of radiation or 
susceptibility suppression was then determined by subtrac¬ 
ting the grounded level from the ungrounded level and then 
plotting this difference relative to 0 db 

3-79 



This symbol between data points, indicates that 
the level as read from the meter was the noise meter level, 
therefore, the ¿rtual suppression level could not be ob¬ 
tained but was at least equal to this level 

4 3 3.1 Plain Shielded Cable - Radiation Test (Figure 3-33) 

Seven grounding config irations were tested and the measurements 
are plotted tn Figures 3-34a and 3-34b These conf igurations were 

Ground generator end only 
Ground load end only 
Ground center only 
Ground generator an t load ends 
Ground generator end and center 
Ground load end and center 
Ground gener«'. »r «rd. load end and tenter 

a 
b 

Ln order of their relative effectiveness, the three best overall 
grounding methods were 

Generator end. load end, cable center 
Generator end and c ibic center 
Generator end only 

a 
b. 

There was some degree of peaking and nulling at multiples and 
sub-multiples of the cable wavelength, dependent on the particular ground 
method as shown by the curves For example, curve nulls occurred at 
1/4», peaks at 1> and then nulls at 21 for the configurations where the gen¬ 
erator end, load end. and cable center were grounded 

The best method of grounding was not the same at all frequency 
ranges For example, between 0. 01 5 and 0 125 me, grounding at the gen¬ 
erator end, load end. and cable center was best; from 1 me to 47 me 
(|/4>), grounding generator end. load end, and cable center was equally 
as good as grounding generator end and renter; and from 47 me to 10 kmc, 
any one of the three above wa.i almo: t equally good. 

4. 3 3. 2 Plain Shielded Cable - Susceptibility Test (Figure 3-35) 

The same grounding ronf .g irations were tested for susceptibility 
as were for radiation from a plain shielded cable The results are plotted 
in Figures 3*36a and 3-36b 
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Figure 3-33. Teat oí Cable Shield Grounding 
for Radiation Suppression (Cable Only) 



Figure 3-34b. Plain Shielded Cable Radiation 
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Figure 3-35. Teat of Cable Shield Grounding 
for Minimizing Susceptibility (Cable Only) 



F igurc 3 - 36b. Plain Shielded Cable Susceptibility 
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Referring to the figures, it can be seen that any grounding method 
provided in the order of at least 30 to 40 db suppression of susceptibility 
below a frequency of 9. 4 me. Throughout the frequency range investigated, 
there were four methods almost equally effective: 

a. Generator end and load end 
b. Generator end. load end, and cable center 
c Load (Receiver) end only 
d. Load end and cable center 

As with the radiation measurements, there was peaking and null¬ 
ing associated with the susceptibility measurements which, again, was 
dependent upon the grounding method as can be seen from the curves 

4. 3. 3. 3 Connector in Shielded Cable - Radiation Test (Figs. 3-37, 3-39. 3-40) 

Three grounding configurations were tested with the connector 
in the center of the cable The connector shield was not grounded The 
grounding configurations were. 

a. Shield carried through connector, ground at load 
b Shield carried through connector, ground at load and 

at connector on the generator side 
c Shield split at connector, ground at load and at 

I connector on the generator side 

The results plotted in Figure 3-38 showed that any grounding was 
so ineffective that it was decided to repeat the tests and compare cable 
with a connector to a cable with a varying gap cut in its shield Figures 
3-41a and 3-41b show this comparison For the measurements shown m 
Figures 3-41a and 3 41b. the connector was mounted in ar. aluminum 
bracket which was firmly bolted to the ground plane. Comparing Figures 
3-41a and 3-4lb with Figure 3-38, it appears that the solid grounding of 
the connector body resulted in some improvement of the radiation sup¬ 
press ion. 

The results of increasing the gap length seerr. to follow the ex¬ 
pected pattern; i. c. . the radiation and susceptibility increased as the gap 
length increased from 1/H te ¿ inches However, the curve for the con¬ 
nector did not fall into 
length of 1 to 2 incn^i. 
t**r was firmly bonded 

the expected position somewhere between a gap 
This was probably due to the fact that the connec¬ 

te the ground plane 
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Figure 3-37. Test of Cable Shield Grounding 
for Radiation Suppression (Cable with Connector) 

Figure 3-38. Connecter m Cable Radiation 
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Figure Î-Ï9a. Test of Cable Shield Grounding (or Radiation Suppression 
and Minimizing Susceptibility (Cable with Shield Cap) 



R
R
-

Figure 3- 39b. Test of Cable Shield Grounding far Radiation Suppression 
and Minimising Susceptibility (Cable with Shield Cap) 



Figure 3-39c. Test oí Cable Shield 
Grounding for Radiation Suppression 

and Minimizing Susceptibility 
(Cable with Shield Cap) 

Figure 5-40. Test oí Cable Shield Grounding 
for Radiation Suppression and Minimizing 

Susceptibility (Cable with Connector) 
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There was uefmite peaking and nulling associated with all cun-
figurations When the shield was carried through the connector ur a 
jumper was placed across the gap. peaks existed at 1 / 4 X and IX and a 

null at 1/2) When the jumper was off or the shield not carried th rough 
the connector, peaks were at 05* and It and nulls at l/4> and ¿X. 

in general, the best suppression resulted from grounding the 
shield at the generator end and on the load side of the connector and not 
carrying the shield th rough the connector. 

4 1X4 Connector in Shielded Cable - Susceptibility Test (FTgs. 3-37. 3-19 3-40 

The same remarks can be made for the susceptibility measure¬ 

ments as were made for the radiation measurements if one substitutes 
receiver for generator 

The best method to minimize susceptibility was to he the ground¬ 
ing of the shield at tne receiver and on the load or source side of the con-
neebr and not carry .ng the shield through the connector 

4 3 3 5 Shielded Twisted Pair versus Two Smelded Wires - Radiation 
Test (F.gares 3-4¿ and 3-4 3) 

Figures 3-44a through 3-44c show the relative effect .venes s of 

each configuration to suppress radiation In all tases, the two shielded 
wires were found to be mere effective and the best method was the ground-
. ig of the shield at the generator end 

4 3 3c Shielded Twisted Pair versus Tw . Shielded Wires Susceptibility 
Test (F pures 3-42 and 3-43) 

As w.th the radiation measurements. the two shielded wires were 
m. r e rife-, tivc and the best method cf grounding was as before, the gr und-

mg of the shield at the receiver end. (See Figures 3-44d through 3-44Í) 

4 3 3 7 Summary 

From the resets <4 al) tests, the following t*u rules could be ap¬ 
plied ir. most cases. 

a Fur radiation suppression. grounding of the shield at the 
generator ur source end of the cable, in general, gave the best 
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Figure 3-42. Teat for Radiation Suppression 
and Minimizing Susceptibility 

(Shielded Twisted Pair) 

Figure 3-43. Test of Cable Shield Grounding 
tor Radiation Suppression and Minimizing 

Susceptibility (Two Separate Shielded Wires) 



Shielded TwiMr I Fair «s Two Shielded Wire* Radiation 

(Ground at Generator and Load) 

Figure V44b. Shielded Twjated Pair vs Two Shielded Wires Radiation 
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Figure 3-44Í. Shielded Twisted Pair vs Two Shielded Wires Susceptibility 
(Ground al Generator) 
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b. For minimum susceptibility, grounding c f the shield at th< 
receiver end of the cable in general, gave the best results 

It should be kept in mind that the preceding tests were on single 
wires of definite length with no other wires ui the cable ar running through 
the connector It shall be noted that th.s may not be the case in a com¬ 
plete electronics system and different radiation and susceptibility condi¬ 
tions may be found when multiple wire cables are used 

4 4 TESTS TO DETERMINE RELATIVE EFFECTIVENESS OF SUPPRESSION 

MEASURES IN A RELAY-MICROSWITCH CIRCUIT 

4 4 I GENERAL 

Tests were conducted on various suppression schemes to deter¬ 
mine their relative effectiveness on both conducted and radiated interfer¬ 
ence from a relay-microswitch circuit A • oppression scheme was de¬ 
termined which gave results within the limita defined by Military 
Specification MlL-I-2b600. Z June 1958, and Amendment 2, 9 May I960, 
for Class lb equipment. 

It was found necessary to shield the microswitch, filter the leads 
to the microswitch, and suppress the inductive current of the relay to 
meet the specification 

The cab.e length between the power source and the relay was 
24 inches In the test the microswitch was arbitrarily located midway 
between the relay and power souri c Each configuration was checked 
over a frequency range of 150 me to 4U0 me for radiated interference 
and 150 me to 25 me for conducted interference, in accordance with 
MIL-1-26600. 

4 4 2 SUMMARY CF TEST 

4. 4 2. 1 Radiated Interference 

From the results of the tests, the radiated energy was apparently 
generated by two sources The first arid must pronounced was the tran¬ 
sient caused by the closing of the switch where energy was radiated by 
both the arc between the contacts and by circuit leads. The second was 
the dissipation of the energy stored in the inductance ol the relay coil 
upon opening of the switch contacts 
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The radjatson from the switch was suppressed by bypassing the 
leads close tothe terminalsand shielding the switchand associated com¬ 
ponents The energy in the relay cod was dissipated in the near proximi 
ty of the relay with a diode and capacitor The function oí the capacitor 
was to control the change in potential across the relay cod until the diode 
assumed conduction 

The successful suppression scheme described above caused the 
radiated interference level to fall within the limits of MIL-1-26600 
Mounting the relay suppressing sien ents on the cable a distance of 6 
inches from the relay caused a small increase in radiated interference 
which did not exceed the specif nation limits. 

4.422 Conducted Inferieren« e 

The conducted interference fell below the specification limits 
without need of suppression, although the techniques used lowered the 
value below the ambient noise level 

Comparison of die various schemes tested can be seen in Fig¬ 
ures 3-45 and 3-46. 

4 4 3 TEST PROCEDURE 

4 4 3. 1 Test Apparatus 

The test apparatus used is listed below. These instruments 
meet the requirements set forth for Category A as shown in Table I, page 
43. of Military Specification MIL 1-26600 for the measurement of radio 
frequency interference 

Frequency Range Model No Serial No. Manufacturer 

150 to 25 me NM20B 251-19 Stoddart 
20 to 400 me NM30A 248-3 Stoddart 

4. 4 3 2 Test Conditions 

The microswitch, relay, and connecting cable were mounted on 
a 3' X 8' ground plane in accordance with the typical test set-ups of MIL-
1-26600. All tests were performed in accordance with the procedures in 
M1L-1-26600. 

Radiated and conducted interference tests were performed with 
five circuit <ont igurat ions, as follows. 
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Test 1 - Complete Suppression. The circuit contained all of 
the suppression elements and the microswitch was shielded 
The diode and capac ttcr were mounted at the relay. See Fig¬ 
ure 3-47. 

Test 2 - Unshielded. The rover was removed from the box used 
to shield the microswitch and associated suppression compon¬ 
ents The circuit components were identical with Test No I. 
See Figure 3-4P 

Test 3 - Same as Test No. 1, with the exception that the diode 
and capacitor were mounted 6 inches from the relay See Fig¬ 
ure 3-49 

Test 4 - Diode Suppression The only suppression component 
used was a diode. See Figure 3-50. 

Test 5 - Unsupprcsscd No suppression components used. See 
Figure 3-51 

The cable length was held constant at 24 inches throughout the 
tests. The microswitch was arbitrarily positioned midway between the 
power source and the relay. I he microswitch and associated suppression 
components were shielded by an aluminum box 1-1.2" x 3-1/4" x 2" bonded 
to the ground plane. During 'e rad ation tests, the negative side of the 
30 volt supply was grounded at the zero potential point and the positive side 
of the supply was bypassed with a . l^fd capacitor to the zero potential 
point During the conducted ntcrference tests, a line stabilization net¬ 
work was introduced into the cable at the zero potential point See Fig¬ 
ures 3-52a through 3-52d Hr illustrations of both conducted and radiated 
test set-ups 

The entire frequency spectrum from . 150 me to 400 me was 
checked for the radiated measurements, and peaks were chosen for the 
data points where definite peaks w^re observed Other data points were 
taken to complete the curve 

The same procedure was used in taking the conducted interfer¬ 
ence measurements except the maximum frequency checked was ¿5 mt 

4.4 4 TEST RESULTS 

Figures .3-45 and 3-46 are curves plotted from data taken in each 
configuration At many points the lowest level was determined by ambient 
noise The curve for each test is shown only where it could be detected 
above the noise level and i> at ’east as low as the noise level at all other 
points 
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Figure 3-47. Test No. i 
Complete Suppression 

Figure 3-48. Test No. 2 
Une hielded 
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Figure 3-49. Test No. 3 

Similar to Test No. I but 
diode and capacitor mounted 
6 inches (rom relay 

Figure 3-50. Test No. 4 

Diode Suppression Only 



Figure 3-51. Test No. 5 
Uno uppres aed 

Figures 3-47 through 3-51 show the t*-st configurât ion« along with 
the data obtained. 

Test 1 - Complete Suppression with the Diode and Capacitor 
Mounted at the Relay. Thi« system meets MIL-I-26600 at all 
frequencies. At its closest point, it is 4. 5 db below the speci¬ 
fication in the frequency range of 40 to 50 me. At all other points, 
it falls below the ambient noise level. 

Test 2 - Unshielded. This configuration did not meet MIL-I-26600 
specifications between 40 and 50 me. It was 7. 5 db high which 
was attributed to radiation from the microswitch contacts. 
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Figure $-52b. Hign Frequency Radiation Measurement 

O» rBI.Om e« HfACAWCM ma 
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Figure 3-52c. Conducted Interference Mcaaurrment 

Figure 3-S2d. Detail of Suppression Scheme 
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Teat i - Complete Suppression with the Relay Suppression Com¬ 

ponents Mounted 6 Inches from the Relay This configuration 
meets MIL-1-26603 specifications at all frequencies and differs 

from Teat No I by 1 db at its highest point in radiation and is 
identical to Test No 1 in conduction, which is oelow the noise 

level at every point. 

Teat 4 - Diode Suppression Only This configuration was out of 
specification limits at all points from 26 me to 400 me in the 

radiation tests and. although it was within the specification limits 

on conduction, it was much higher than the noise level from 2 me 

to ¿6 mt 

Teat 5 • Una oppressed Thia con: guration was above the specifi¬ 

cation on radiation through almost the entire spectrum measured, 

reaching a maximum of about 80 db high. 

4 4 6 SUPPRESSION T EGHMQUES 

Upon closing the mu roswitih a transient is generated and energy 
¿s radiated from the cable as well as from the arc present between the 
switch i untacts The switch itself can be lonsidrred a* u broadband in¬ 

terference generator-

The signal generated at the switch can be suppressed by three 

means First, by introducing sufficient inductance into the circuit to 
cause the initial current to be extremely low, secund. by providing a low 
impedance path a round the switch thereby short-Circuiting the signal, and 

third, by shielding the configuration to prevent direct radiation The first 
method requires the inductor to have a high reactance over a large fre¬ 

quency range in addition to presenting the problem of u.bs.puting the stored 
energy when the switch contacts are opened 

A combination of the second and third suppression methods seemed 
to be the most practical and therefore it wax used The microswitch was 

mounted in a shielded enclosure and the connect.ng leads were brought into 
the enclosure through two OUI ̂ Jd feed through capacitors Inside the en 
closure. the two feed-tnrough points were connected together by a . 05(dd 
capacitor to provide the low .mpedanc e path across the switch The prin¬ 

cipal current loop is around the switch and not to ground, therefore, small 

value feed-through capacitors were used to minimize the physical size of 
the circuit A 7 5 (¿henry choke was placed tn series with the switch and 
incoming leads to limit the high frequency current See Figure 5-53. 

3-106 



Figure 3-53. Suppression Circuit 

When the switch is opened, the energy contained in the relay cod 
must be dissipated at a low rate to minimize radiated interference Since 
the potential developed by the relay cod when the switch is opened is op¬ 
posite in polarity to the previously applied potential, a properly polarized 
diode is the appropriate dissipation device. Before the diode can begin to 
conduct, the potential across the relay coil must decrease to zero and build 
up in the opposite direction. A small capacitor (see Figure 3-54 Parts 
List) placed in parallel with the diode limits the rate of potential change 
during the transition period. The size of the capacitor is a compromise 
between controlling the above-mentioned transition period and minimizing 
the initial current when the switch is closed. 

The conducted interference fell below MIL-I-26600 spec if ications 
without need of suppression and the radiation suppression components low¬ 
ered the conducted level below the ambient noise level 

4.4.6 PARTS LIST 

Cl 
C2. C3 
C4 
C5 
CR1 

KI 
LI 
SI 

1 mid capacitor 
.001 mid feed-through capacitor 
05 mfd disc ceramic capacitor 
.01 mfd disc ceramic capacitor 
IN649 general purpose silic on diode. 
Texas Instrument, Inc. 
P/N C26AIOP6AS. Filters. 1er 
7. 5 microhenry high frequency choke 
Microswitch. 11SMI-T 

Figure 3-54. Parts List Relay-Mic roswitch Suppression Circuit 
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4 5 TESTS TO DETERMINE MÊÏHODS OF SUPPRESSING INTERFERENCE 
FROM A TRANSISTOR SWITCHING CIRCUIT 

GENERAI 

Radiated and conducted RFI tests were performed on a transis¬ 

tor switching cir< uit with a tape cable load The tests were conducted m 

accordance with Military Specification MIL 1-26600. Í June 1958. and 
Amendment 2. 9 May 1961. for Ciass lb equipment- No radiated RJ-I 
was observed, ¿.though several load coni ig.irations were used. Condui -

tea RET exceeded specifications by more than ¿0 db The installation of 

a 047 Vitamin Q capacitor between the collector and emitter of the tran¬ 
sistor reduced the RFI to within specification limits Grounding of the 
de return wire to the ground plane at the 1m« impedance stabilization 
network decreases the RE I on the +28 volt line by an additional 3 to 5 db 

4 5 2 TEST PROCEDURE 

A transistor switch.ng circuit and its cable load were mounted 

on a 3* X 8* copper ground plane in accordance with the typical test setup 
oí MIL-1-26600 All tests were performed in accordance with the pro 

ceda res in M1L-1-266OÜ. 

The 28 volt power leads were 24 imhes in length throughout the 

tests The cable load was p.aced 4 from the edge of the ground plane, 
and test antenna placements were measured from the center of the cable 

The transistor chassis was placed 5 inches away from the cable at its 
mid point (directly in line with all test antennas) 

An RFI shielded mo roswitch (Figure 3-53) was used in place of 

th«- thermostat to increase the circuit cycling speed This facilitated 
rapio detection of RFI peâ«s while frequency scanning Alter the spec¬ 
trum was scanned, using the m-c roswitch to tr.ggcr the c ircu.t. the ther 
mostat was put into the circuit and measurements were made at tne test 
: : eq-cnc íes ot highest inter terence level The them stat was actuated 
by alternately heating and coding 
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The following tests were performed-

Test 1 - Conducted RFI on the t28V and return lines over tie 

frequency range of . 15 to ¿5 me using the shielded me ros-x .tch as a 
circuit triggering device. Figure 3-55 shews a schematic drawing of 
the test set-up. 

Test 2 - Conducted HIT on the 42HV and return lines at the test 
frequencies recorded in Test No. 1 using brat cycling of the thermostat 
as a circuit triggering devic c Figure 3-56 is a photograph of ‘hr test 
set-up 

Test 3 - Radiated R FI over the frequency range of 0. 1 me to 
I 3 gc with the tape cable load fiat on the horizontal ground plane and using 
the shielded microswitcn as a circuit triggering device Figures 3-57 and 
3-58 are photographs of the test set-up 

Test 4 - Radiated R FI under the same c onditions as Test 3 but 
using heat cycling oí the thermostate as a < -.nuit triggering device. 

Test 5 - Radiated RFI over the frequency range of IS me to 10 gc 
with the tap»- cable load mounted 4 cm above the horizontal ground plane or 
insulators and using the shielded míe ros witch as the c i r c uit triggering de¬ 

vice. Figure 3- '9 shows a photograph of the test set-up 

Test 6 - Rad-.atcd RFI over the frequency range of 0. 15 to 25 me 
with 1/2 of the tape cable .cud flat on the horizontal ground plane «and the 

other half flat on the vertical ground plane The shielded microswitrh 

was used to trigger the circuit. Figure 3-Ó0 shows a photograph of the test 
set -up. 

Test 7 - Conducted RFI on the 428V and return lines using the 

test frequencies employed in Test 1 with the thrr m jstatr as a circuit 
triggering device and with a 0. 047 mfd capacitor installed between the 

emitter and colic* tor of the transistor. 

3-109 



1 10 

Figure 3-55. Trar.sistur .‘'witching Circuit, Basic Test 
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Figure 3-58. Low Frequency Radiation Measurement with Load 
Cable Resting on Ground Plane 
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Figure 3-59. Radiatirn Measurement with Load 
Cable Elevated 4 cis Above Ground Plane 
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Figure 3-6Ö. Radiation Measurement with Load 

Cable Taped to Horizontal and to Vertical Ground Plane 

Test ft - Conducted RF J on the *2UV and return Jines us.ng the 

test frequencies employed in Test 1 with the thermostat as a cir¬ 

cuit trigger.ng device and with a .022 mid capacitor installed be¬ 
tween the emitter and collector of the transistor. 

4 5 3 TEST RESULTS 

The curves of Figures 3-61 arad 3-62 show the conducted RFI for 
both microswitch and thermostat triggering devices with the tape cable 
load flat un the horizontal ground plane Comparison of the plotted data 

shows tnat the interference was approximately equal on both the 42ftV and 
return power leads 

Figure 3-6> shows the HF ambient levels measured when check¬ 
ing the test sample for radiated intcrfcr«n e No RFI was observed above 
the ambient noise level Ambient RF levels varied somewhat during the 

various tests, but in all cases were within specification limits 



Figure 3-b4 shows the conducted RFI on the 428 V and return power 
leads after the installation of a 0.047 mid capacitor between the collector 
and emitter of the transistor The thermostat was heat cycled to trigger 
the circuit for these measurements 

The results indicate that the installation of the 0. 047 mid capaci¬ 
tor is the only RFI fix required to reduce interference to within specifica¬ 
tion limits 

Figure 3-65 shows the conducted RFI on the + 28V and return 
power leads after the installation of a . 02?. mid capacitor between the col¬ 
lector and emitter of the transistor. The thermostat was heat cycled to 
trigger the circuit for these measurements 

4 5.4 SUPPRESSION TECHNIQUES 

Upon the opening or closing of the thermostat, a switching tran¬ 
sient is generated and RF energy emanates from the thermostat and is 
conducted into the circuit via the leads Due to the small current (about 
650pA) normally flowing through the thermostat, the transient produced 
upon "make" or break" is relatively small. The radiated energy is there¬ 
fore limited and produces no RFJ above the specification limits 

Conducted RFI. during the "make ' and ’break" of the thermostat, 
appears across the base-emitter < ircuit of th* 2N1893 and is amplified while 
the transistor is in the sv. it h.ng stat- The amplified output is developed 
across the ¿7QQii collector resistor 

There arc several methods of reducing the switching transient by 
the application of suppression techniques to the thermostat The simplest 
and most effective solution is tr employ a 0 047 mid Vitamin Q capacitor 
between the collector and emitter cf the transistor, thereby inducing de¬ 
generation of the RFI while the transistor and thermostat are in the switch¬ 
ing conditions Switching time is lengthened slightlv 

Ry-pass capacitors were tried across ail other components and 
combinations of i umponents without positive results A by-pass capaci¬ 
tor across the 270ÛU collector resistor raises the leve', oí conducted RFI 
considerably 

3-114 



3-115 



Figure 3-64. Broadband Conducted Interference Test + 28 Volt and -28 Volt 
Lead Using Thermostat as Circuit Trigger After Installation of .047 ^f 
Capacitor Between Collector and Emitters of the 2N1893 Transistor 
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Figure 3-65. Broadband Conducted Interference Test 
+ 28 Veit and -28 Volt Leads Using Thermestat 

as Circuit Trigger After Installât ion of 
.022 ni Capacitor Between Collector and 

Emitter of the 2N1M03 Transistor 

4 6 CONCLUSION 

The tests wh>ch have been discussed in this section are typical of 
situations encountered in designing equipments »hm. are compatible w:th 
therr electronic environments. No . ompu- t rt howrvti small, car. be ever* 
looked Nor is the fact that a component c. a- c epted as a standard or 
qualified part any guarantee that t will not produce interference in a given 
circuit Detailed analysis and test is the only sure way to ascertain that 
a 25 cent component will not degrade a $¿' .000.000 system by means of 
radio interference 

configurations of components and equipment may require an extended peri¬ 
od of time as well as a large number of rr.an-hvur» to complete lu addi¬ 
tion. a wide range of special test instruments and laboratory facilities may 
lie necessary Previous sections of this Chapter have d>- ussed such fac¬ 
ilities. Chapter 4 dis untes test instruments in detail and Appendix III 
presents their characteristics und cata 
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DESIGN FEATURES, USE, AND CALIBRATION 
OF TEST INSTRUMENTS CHAPTER 4 

1. INTRODUCTION 

Five basic types oí equipment are required in the performance of 
electromagnetic interference measurements; radio interference field m-
tensity meter*, spectrum analyzers, pickup devices, signal generators, 
and frequency meters. In addition, accessory equipments such as vacuum 
tube voltmeters (VTVM's), oscilloscopes, oscilloscope cameras, power 
meters, attenuators, and filters are required. Design features of each 
cd the five basic type: of equipment mentioned above arc discussed in this 
chapter, and informa'.on is provided on their utilízate ■ and calibration. 

X RADIO INTERFERI NCE MEASURING EQUIPMENT 

Equipments presently available fur conducting lield intensity meas¬ 
urements are discussed in the succeeding paragraphs. It should be noted 
that new instruments are being developed to keep pace with the demand for 
measurements, particularly at frequencies above 10 gc , and to meet re¬ 
quirements for increased accuracy. portability. and reliability. The user 
should investigate the possible av.i ab it v of newer typer, whenever the 
instruments described do not satisfy the measurement requirements. 

2 1 GENERAL FEATURES AND USE 

From the dii-cussion in oection I of Chapter 1, Volume 1 and 
from vcl .it has been said in Section 1, Chapter 1 ot this Volume, it is ob¬ 
vious that the nature of radio interference prohibits its adequate descrip¬ 
tion by any single measurement Presently available measuring mstru-
ments are isually « alibrated to read the peak, quasi-peak effective, or 
average values of the interference. However, since the electrical dis¬ 
turbances causing interference are complex waves vary.ng greatly in am¬ 
plitude, phase, and frequency distribution, a single type of measurement 
can be no mure than an arbitrary established standard. The measurement 
of several associated parameters arc req .ired to adequately describe the 
inte rf e rene e . 

A radio frequency type of interference meter measures the RF 
amplitude of radio interference in much the same manner as a "conven¬ 
tional" field strength meter. It i . « > .pie’e within itself, consisting of 
a specially designed and constructed rad.c receiver, and an indicating 
meter which is connected into the rece. ver by means of a special cir¬ 
cuit. Attention is drawn to the fact that the conventional type field 



strength meters are useful cnly 'or measuring sinusoidal waves, that is 
they do not have the dynamic c ha rac teristics necessary for measuring 
the many types of wave shaper which, as stated above constitute radio 
interference Fur this reason, my attempt tn fix" or modify a radio 
receiver tn such a way as to make it satisfactory as a genera!-purpose 
radio interference meter will h< unlikely to succeed 

A meter which responds tc audio signals is used to indicate and 
measure the effect of radio inte - • rent e. It is essentially an output meter, 
provided with spe< al circuits t. . quasi-peak. peak, and average read¬ 
ings on a meter which may be calibrated in volts, milliwatts, or decibels. 
Meters of this type may be used to measure radio frequency interference 
currents and voltages if they are used in conjunction with a calibrated re¬ 
ceiver. It is helpful to record, slang with the values read on the meter, 
a qualitative descr.pt,on of the interfering signal obtained by monitoring 
by ear or eye with headphone* and or .in oscilloscope. 

The ideal meter for making interference tests should be capable 
of admitting signals at a very low energy level, amplify them with high 
fidelity and by known amounts, anc present them to a calibrated output 
meter for measurement. Because oí the selectivity and stability of the 
superheterodyne receiver circuit, it has been used largely as the founda¬ 
tion for all radio frequency meters of recent design Attempts to modify 
regular service receivers to make them function as interference meters 
have met with only partial success because of inherent limitations. The 
functions of the essential parts of typical interference meters are shown 
in the block diagram of Figure 4-1 . 

The selection of interference detecting and measuring equip¬ 
ment to be utilized in measurement procedures should include but not be 
confined to a consideration of the following operating characteristics: 

a. Capable of detecting and measuring various types of emission 

b. Capable of tuning the required frequency range. 

c. Adequate frequency stability together with accurate dial 
calibration for resetability. For most purposes over the range of fre¬ 
quencies involved, a frequency stability of 0. 005% of the received fre¬ 
quency after one-hour warmup is satisfactory. 

d. Suitable IF' bandwidth to provide both control over re ection 
of undesired signals and maintain undistorted output indications for 
emissions of various modulations, c g. plused RF 
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e RF selectivity to reduce susceptibility to spurious response 
(a minimum of two RF stages preceding the first mixer is recommended). 

f. High sensitivity to insure detection of weak interference sig¬ 
nals. In most cases two RF amplifier stages will provide sensitivity in 
the order of one microvolt (-107 dbm, assuming a receiver input imped¬ 
ance of 50 ohms) in the HF range and five microvolts (-9 3 dbm) in the 
VHF-UHF range to produce a detectable receiver output. 

g Adequate shielding to prevent high level undesired signals 
from penetrating the case 

h. Adequate suppression of spurious receiver radiation to 
minimize the interference potential to other receivers. 

i Suitable output indicators and provisions for connection of 
external monitors such as headphones, oscilloscopes, and recorders. 

j. Rapid means of changing frequency bands 

k Rapid and accurate means of instrument calibration. 

In the following paragraphs, each stage is briefly discussed with 
respect to its function in a radio -nterferenc e measuring set. Special 
emphasis is given to the features wh;rh distinguish a radio interference 
measuring set from an ordinary receive.-- the calibrating device (see 
Paragraph 2. 1. 3). the detector with its weighting circuits (see Para¬ 
graph 2. 1.6), and other output indicating devices (see Paragraph 2. 1.8). 

2 11 IMPEDANCE-MATCHING NETWORKS 

Because of the necessity for matching impedances, networks 
must be provided to match the various types of antennas and probes to 
the input of the meter. In addition, for the measurement of signals of 
high energy, an attenuator must be provided in order to avoid overloading 
of the final circuits. The functions 'Í impedance matching and attenuation 
may be conveniently combined in the same network. The impedance¬ 
matching network must be suitable for a ! antennas provided with the me¬ 
ter, and should include proviso in lor a 50 ohm connection for calibration 
purposes. The attenuation ratios normally provided are I I, 10 1. 100 I, 
1000 1. and 10,000:1. Instead of previding the attenuation before the first 
radio frequency stage by placing the attenuator in the impedance-matching 
network, a separate attenuator is sometimes placed before the mixer or 
IF stages. 



2. 1.2 RADIO FREQUENCY AMPLIFIER S’ AGE 

As in all superheterodyne receivers, the radio frequency stage 
consists of a highly selective amplifier with a good gam ratio (wee sec¬ 
tion 2. If). When an instrument is designed to cover a wide range of 
frequencies, for example. 38 me to 1000 me in 3 to bands, the tuning 
condensers must be provided with proper band switches which allow a 
minimum overlap of 5% between hands. A 2T» accuracy on frequency 
ndicated requires high grade parts and careful calibration. 

While commercial practice in the design of broadcast receivers 
employs one multipurpose tube as RF amplifier and local oscillator, the 
rigid requirements of measuring instruments requires better perform 
anee obtained by using a separate tube m the Iccal oscillator position 
One of the advantages is a greater IF rejection ratio and a higher image 
rejection ratio, both of which are of the order of 60 db. 

The major difference between the rad-.c frequency stage of a 
normal receiver for amplitude modulated signals and that of a radio 
interference meter lies in the effective bandwidth of that stage For 
the reception of radio signals amplitude modulated with audio signals, 
a bandwidth of from 10 to 20 kc is adequate at all frequencies For a 
radio frequency meter, there are two requirements. First, the band¬ 
width should not exceed a certain fraction of the operating frequency in 
order to allow the determination of that frequency with fair accuracy. 
Second, the bandwidth should be large enough to allow interference pulses 
of short duration to pass through the stage without appreciable lengthen¬ 
ing and peak depression. These requirements mean that, at the higher 
frequencies, the bandwidth must be considerably larger than 20 kc. Spec¬ 
ification MIL-I-169 1OA requires meters to have an effective bandwidth 
(defined as the frequency span between half voltage points, or between 
points 6 decibels down from maximum response) of 1G0 kc for the fre¬ 
quency range from 20 to 1000 me. and in addition an adjustment for a 
bandwidth of one megacycle for the frequency range from 200 to 1000 me. 
For measurements of narrow pulse radar signals, bandwidth« as high as 
5 me may be required; however, for measurements of CW type signals 
much narrower bandwidths are desirable due to the resultant increase in 
receiver sensitivity. However, it is more important for making accurate 
measurements that the bandwidth be accurately known and compared to 
the needs of the user than have a specific predetermined value. Charts 
giving the exact bandwidth as a function of frequency should be suppl ed 
with each meter. 



2.1.3 CALIBRATOR 

Calibration of a radio interference measuring instrument may be 
made either with an external signal generator or with a built-in internal 
source. The source, whether external or internal, may be either a gen¬ 
erator ol sinusoidal signals or a source of random noise. Any set may be 
calibrated bv means of an external source of either kind provided the 
proper connectors are available for the proper impedance match and pro¬ 
vided the external source furnishes a signal of known magnitude and char¬ 
acter. 

Whether the calibration is to be made with a sinusoidal signal < r 
with a random signal depends on the type of interference to be measured 
For accurate results, the signal produced by the calibrating source should 
resemble the interfering signals as closely as possible. Wher this is not 
possible, a c ertain inaccuracy is necessarily introduced. When a meter 
has an internal calibrator, considerations of space, weight, ana simplic¬ 
ity demand that one or the other type be chosen. About as many sets use 
random interference sources as use sinusoidal ones. When a sinusoidal 
oscillator is used, it may cither be tunable so that calibration can be 
made at the test frequency (this is preferable), or it may have a fixed fre¬ 
quency usually near the middle of the range of the meter. A random ir. -
terference source need not be tuned since a single source is usually suf¬ 
ficient to cover the entire range of the set. 

Calibration is accomplished by applying the known output voltage 
of the calibrator to the input terminals of the test set, and then adjusting 
the gam oi the set until the correct output indication is obtained. A con¬ 
venient source of random voltage is found in the thermal agitation cur¬ 
rents in the first tuned cir uit of the test set. This voltage has many 
characteristics that are desirable in a calibration source and it has been 
used as such in some instala es. One important advantage of this source 
is that it covers the entire radio frequency spectrum almost uniformly 
and thus requires no tuning. Another advantage is that the magnitude of 
the voltage generated (Upends urjy upon such relatively constant quantities 
as the impedance, bandwidth, and temperature so that it does not need to 
be measured. Furthermore, its use involves no extra tubes, parts, or 
circuit complications. Unfortunately, the magnitude of the voltages ob¬ 
tainable in this way is too low for real usefulness as a calibrator. 

A more efficient source of random voltages for calibration pur¬ 
poses is the so called ' shot noise' arising in the plate circuit of a vac¬ 
uum tube. Shot noise" is a result of random variation in the number of 
electrons emitted from the filament of a thermionic tube. Like thermal 



agitation. ' shot noise" »s uniformly distributed over th* entire radio fre¬ 

quency spectrum, and since its magnitude can be much greater than that 
of thermal agitatior. it is a much more useful calibrating source Vacuum 
diodes are used most frequently for this purpose, but gas diodes, such as 
neon tubes, may also be used particularly at the lower frequency ranges 

When the shot noise” in a diode is used, the spire charge in the 

tube must be eliminated. Space charge acts as a buPer. smoothing out 
to some extent the ’luctuations which generate the "shot noise Since it is 

desirable to have the fluctuations as strong as possiMc. space charge is 
detrimental in this application. It can be eliminated by louring the 
filament temperature and at the same time keeping the plate voltage at a 
high value, so that all electrons emitted are immediately attracted by the 

plate and the plate current is limited only by the number of electrons 

emitted by the cathode. The operation of the tube .s then said to be 

temperature limited.” Under these conditions, there is a simple and 

definite relationship betwien the "shot noise” voltage generated and the 
direct plate current. which can be read conveniently on a direct current 

milliammeter. This type of calibrator is used most frequently for ran¬ 

dom interference calibration It is simple, inexpensive, reliable and 

convenient to use. and it has proved to be capable of sufficient accuracy 

for most measurement work. 

Calibration by means of an externai standard signal grneratcr. 

while capable of greater accuracy, requires more ec jipmer.t and is not 
as convenient so that its usefulness lies in those cases where the greatest 

oossiblc accuracy s required, 
not inherently any ess definite 
but there arc some differences 

for the greater accuracy of the 

I'he output of the ' shot noise ’ diode is 
or stable than that of a signal generator, 
in the manner nt utilization which account 

signal generator in practice These differ 

enees arc the following 

a. Standard signal generators are normal. y equipped with 

dummy antennas (antenna simulators) to provide impedance matching he-

tueen the signal generator and receiver input circuits. When the signal 

generator is used with a dummy antenna of the correct impedance in the 

circuit, any variations in the antenna circuit (step-up or step-down im¬ 
pedance ratios) are taker, into account. When an internal calibrator is 

used, a dummy antenna is not usually used and the output oí the internal 

source is connected directly across the first radio frequency stage. 

Variations in the antenna input circuit cannot therefore be compensated 
for in the cahbr it.on process, and a variation in the antenna rirr nt 

trimming may result in an error of measurement. 



b The output of the shut noise' diode is of the order of from 
* to *0 microvolt» Noise contr ibutions of the test receiver itself can 
effect the resulting output considerably, particularly at the lower fre¬ 
quencies where circuit impedances are large The superiority of the 
external signal generator lies m the fact that it can be used at higher 
voltage levels, and thus the inherent receiver "noise may be made 
negligible by comparison. 

c Fne output indication produced by a given "shot noise' input 
depends on the bandwidth of ’he receiver so that changes of bandwidth 
affect the calibration This last point makes the sinusoidal generator 
more advantageous only when sinusoidal measurements are to be made. 
For measurements of common interference signals, the advantage is 
actually with the random noise' calibrator since variations in the band¬ 
width affect the calibration and the actual measurement in the same way 
Thus, these variations are compensated for by this manner of calibration 
As was said before greatest accuracy m achieved when the calibrating 
signal is most nearly like the signal to be measured 

2. I 4 MIXER AND LOCAL OSCILLATOR 

The mixer and local oscillator stages are substantially the same 
<is found in any good superheterodyne receiver. Though some radio in¬ 
terference measuring sets utilize the same tube both as mixer and as 
local oscillator, for the stable operation and high grade performance re¬ 
quired. separate tubes for the two functions are preferable This pro¬ 
cedure also decreases oscillator radiation and improves the image and 
intermediate frequency rejection ratio. 

2 1.5 INTERMEDIATE FREQUENCY AMPLIFIER STAGES 

Special considerations for the intermediate frequency amplifier 
stages include the large bandwidth and the wide frequency range covered 
by some radio interference measuring sets Since the gam of a single 
stage is roughly inversely proportional to its banuwidth. the number of 
intermediate frequency stages must be larger than m an ordinary re¬ 
ceiver At least three, and in some cases as many as six, are used in 
current. y available instruments In order to cover a very wide frequen¬ 
cy range, more than one intermediate frequency may Tiave to be used 
This also has the advantage that no hiatus need be left for frequencies 
near the intermediate frequency. For example a meter covering the 
range from 150 kc to ?.O me and using an intermediate frequency of 455 kc 
cannot cover the range from about 4ÛG to 500 kc because these frequen-
c ies would rrq lire excessively low oscillator frequencies If the same 
meter employs two ir’ermediate frequencies, say 4‘' e> kc for the low hand 



and 1600 kc for the high band, then special provisions can be made to al 
low utilisation of the second intermediate frequency of 1600 kc for the 
range from 400 to 500 kc. and thus the entire range may be covered. 

Common!/ used intermediate frequencies are 12. 5 kc 4 f>e> k< 
IbQÜ kc, 12 me. 3J me. 60 me, 160 me. .ind 260 me. 

¿ 1.6 DETECTOR AND WEIGHTING CIRCUITS 

As in any receiver. the detector functions ai a rectifier which 
demodulates the intermediate-frequency signa! and converts it into a 
pulsating, umdire.tional current. However, the weighting circuits 
associated with the detector are the very heart of the radio interference 
measuring set They determine which feature of the interference shall 
be indicated by the output meter. 

The basic circuit uf a diode detector is shown in Figure 4 2. 
The parallel combination of R and C. across which the output is taken 
is called the weighting circuit. When the signal developed in the inter 
mediate frequency transformer makes the plate of the diode positive 
with respect to its cathode, a current will flow charging the capacitor 
To a first approximation, the presence of the resistor R may be ncglecte 
during this charging process, and the voltage appearing on the capacitor 
is mainly determined by the time constant of the series circuit formée, by 
the plate resistance of the dtode and the capacitance C. When the polarity 
of the voltage reverses, no current can flow through the tube, and the 
capacitor discharges through the resistance R The rate of discharge 
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now depends on the time constant of the Joop containing C and R. Thus, 
by proper choice of R and C the time constants for charge and discharge 
may be of any desired value 

Lf both the charging and the discharging time constants are made 
comparatively long, the detector circuit is unable to follow any fast varia 
tions of the input voltage, such as may be caused by interference pulses 
or even a sinusoidal audio modulation. It will produce an indication that 
is essentially proportional to the carrier strength. When this kind of 
weighting circuit is used, the output indication is usually labeled "Field 
Intensity. 

When the charging time constant is made much smaller than the 
discharging time constant say one millisec »nd charge and bOO milli¬ 
seconds discharge the voltage a< ross the capacitor reaches a value near 
the peak of the applied voltage and remains at or near this value as long 
as the peak reoccurs frequently enough to prevent the voltage from de¬ 
creasing When the signal is modulated 100 per cent at an audio fre¬ 
quency of 500 cycles per second or higher, this circuit will produce a 
reading almost twice as high as the Field Intensity" circuit The proper 
name for a circuit of this type is Quasi-Peak meaning 'almost like 
peak 

r 
IF TRANSFORMER . 

ADJUSTABLE 
BIAS 

Figure 4-J. Detector With Adjustable Bias 
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It is practically impossible to obtain a true peak reading for al! 
kinds of pulses by adjusting the parameters of the weighting circuits To 
obtain a true peak reading, a so called slide back circuit is made use 
of. This consists of an adjustable bias on the detector diode as shown in 
Figure 4-3. This circuit makes the plate of the diode negative with 
respect to the cathode when no signal is applied. Even with a signal 
applied, no current can flow. and therefore no output voltage can appear 
until the signal produces a voltage large enough to overcome the bias The 
procedure is to adjust the bias manually until the aural output indication 
just disappears, using the highest possible gam of the output stages. At 
this point the bias is just equal to the peak value of the applied signal. I he 
time constants for this case are usually chosen about the same as for the 
"Field Intensity' position. 

It should be emphasized that the weighting circuits can give in-
formation only about the signal as it is presented to them. Since the 
weighting circuits are placed at the second detector, the carrier strength, 
quasi-peak, or peak voltage indicated by them refer to the signal after it 
has passed the radio frequency and intermediate frequency amplifier 
stages. U there is any distortion, pulse lengthening, or peak depression 
in these stages, the output indication does not give correct information 
about the input signal to the instrument. 

2. 1. 7 AUDIO AMPLIFIER STAGES 

The audio signal, passed by the detector and blocking condenser, 
is boosted by one or two stages of audio frequency amplification which 
terminate in a telephone jack through impedances matched with regula¬ 
tion 600 ohm telephone headsets For purposes of visual study of the 
signal, terminals lor the connection of an oscilloscope are usually pro¬ 
vided. These may come directly from the dete. mr r from the output 
of the first audio amplifier The amplifier within the oscilloscope is 
depended upon lor obtaining deflections cl sufficient amplitude to study 
wave-form characteristics and to differentiate between audio frequence 
modulation and interference. 

2 ! 8 OUTPUT INDICATING DEVICES 

To make the maximum use of the potentialities of a radio inter 
ference measuring instrument, the output should be monitored aurally and 
visually as well as by an indicating meter Provisions should therefore 
be made for connecting headphones and cathode ray oscilloscopes 

411 



The output meter is the final terminal of the amplifiers and me¬ 

tering circuits. It usually consists of a de milliammeter. Provisions 

are usually made for a jack into which an outside meter can be plugged, 

and for another jack to accommodate a recording meter. Since these 

additional meters are connected in series with the one which is an integral 

part of the instrument, the jacks contain a matching impedance that is 

normally in series but is shorted out when replaced by that of the external 

meter. The service meter may also be provided with multipliers for 
checking portable batteries used for power supply. 

For field intensity work where it becomes important to have a 

permanent record of the interference pattern around a specified area, or 

a record of the results obtained from extensive rework of troublesome 

interference sources, a recording meter may be used The Army-Navy 

standard type milliammeter-recorder has a range of 0-1 ma and a re-

s.stance of 1400 ohms so that it will readily fit into the circuits already 

described. Its use is limited, however, by the fact that the recording 

paper >s pulled through by a 60 cycles. 115 volts synchronous motor 

and can be used only where such a power supply is available It has 

changeable gears to provide for different speeds of recording. 

22 DESCRIPTION OF INTERFERENCE METERS 

Continued effort has been made in recent years to develop for 

military services interference meters wh.ch will give dependable service 

and comply with the specifications which may be demanded of them The 

Navy specification MIL-1-16910A details the characteristics of acceptable 

instruments and classifies them into four principal classes. Briefly, 

Class I includes those meters which have been designed to meet the stand¬ 

ards established and approved by the Armed Services. Class 2 instru¬ 

ments are special purpose and as such do not conform to overall specifi¬ 

cations. Class 3 meters have not yet been finally approved by the Armed 

Services, and Class 4 arc those in general use. but do not meet most 

approved standards. Instruments which are in the development stages 

but not yet ready for production are called "Experimental." 

Classification of interference measuring test instruments by 

Military Specifications MlL-l-oiai D and MIL-I-26600 is divided into four 

principal categories Basi illy. Category A equipments are those instru¬ 

ments which adequately measure the interference parameters as required 

by these specifications Cat-gory B equipments are those existing instru¬ 

ments which are in use bit do not adequately measure the parameters of 

interference signals as required by these specdo.at.on. Category C-l 

equipments are those instruments which have recently been developed but 
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Figure 4-4. Status Chart of Interference Measuring Equipment Acceptable for 
Testing in Accordance With Military Specifications 



have not been evaluated by the procuring activity. Category C-2 equip¬ 
ment» are those instruments which have recently been developed but do 
not meet Category A requirements, and which presumably can be modi¬ 
fied by the manufacturer to meet Category A requirements 

U. S. Army Signal Corps Specification M1L-I-I 1 748B doesnot 
classify into groups but lists as 'acceptable" the instruments which ade¬ 
quately mee. the requirements of the specification. To as.let the reader 
the frequency range and status of interference measuring equ.pment, a, 
of January I 962 are shown in Figure 4-4. More complete information on 
interference measuring les! equipment is contained in Appendix III or 
further extended by other applicable specifications. 

2 2. 1 RADIO INTER! EHENCE MEASURING SET AN/UHM-41 

15.000 cps. 

’ inter.erence Measuring Set AN/URM-41. similar to com-
mercia; model NM-40A manufactured by Stoddart Rad.o Aircraft Company 

an equ.pment developed by the Bureau of Ship, for use m .n.rU—L 

The equipment consists of two fundamentally different types of 
receivers having certain common circuits and metering contained within 
one case. These two receivers are designated "Selective Operation" and 
"Wideband Operation. " 

tn selective operation the equipment functions as a superhetero¬ 
dyne receiver with an untuned front end. A preamplifier, a low pass 
filter, a mixer stage, and an adjustable bandwidth intermediate fre¬ 
quency amplifier are included in the selective operation channel. From 
the IT amp.il er the signal is amplified logarithmically! Automatic gain 
control for logarithmic amplification is obtained from a detector diode 
output The output of the logarithm:, amplifier is ted by way of a driver 
circuit to a half wave detector. Any modulation superimposed on the 
input signal and passed by the receiver bandwidth is available for monitor 
mg at both the phone and oscilles, ope jacks. A beat frequency oscillator 
supplies an audible beat with an incoming signal and permits coded (CW) 
signals to be read During selective operation the detector function is 
calibrated in terms of the RMS value of a steady unmodulated carrier sie-
nal. 6

The selective opérai.on meter scale is calibrated in two decades 
logarithmically and 4Ü decibels linearly. A neon lamp energizes to indi¬ 
cate mixer overloading during the measurement of weak harmonics 



When in wideband operation the equipment operates 

circuitry as in selective operation. Additionally, wideband operation i: 

as an untuned 
and detector 

, _ . • - U1C rneu.ve peak value 
Ut an input waveform, a polarity turnover switch for difference measure¬ 
ments in peak amplitudes between the negative and positive excursions of 
the input signal, and a peak slide-back detector for measurement, of peak 

” “ 7, h ThC 8am control and logarithm., ampl.f.er are switched 
out of the circuit during w.deband opera.,on S.gnals from the detector 

entatmn of the mput waveform The w.deband opera.. meter scale " 
linear single decade w .th a logarithmic ¿0 decibel scale and a suppressed 
rero An internal source of 400 cp, „ provided by a tuning fork circuit 

The equipment operates on an input voltage of 105 to 125 volts 
AC, 50 to 60 cps. single-phase 

Two pickup devices are supphe.'. a .0 meh 11 turn loop for 
magnetic field measurements and prob, f, r electric field 
meajurementa 

2. 2. 2 RADIO TEST SET AN/URM-b AND AN/l RM-6B 

a.Made ,u Nav>' ’peciheatons. this meter (see Figure 4-5) is 
dd' apPr°V,:" and IS similar to Commerça, model 

Stoddart NM-20B. It covers the range from 150 k.locycles to 25 mega¬ 
cycles in seven bands: 150 kc-3Z0 kc. 320 kc-750 kc. 750 kc-1750 kc. 
1.75 mc-3.8 me. 3.8 me-8 me. 8 me - I 5 mt. 15 me-25 me. Intermediate 

2.2. J RADIO TEST SET AN/PR M- ¡ Al :D AN/PRM -1A 

-- - - y waauac vedi iref ufncv 
□ senator is connected into the grid of the third IF tube. The HFO is 
used for .dentification of s.gnai. only and must be oil while tun.ng for 
• he power mput goes through an isolation transformer will, fillers to keep 
extraneous powerl.ne noises out of the instrument. It is designed to 
operate from an AC power source of 105 125 volts. or 2 fO-250 volts and 
on frequencies from 50 to 1600 cycles per second. 

an Ln 77 “ haa ««mgs corresponding to 0. 20 40 
nJ. 60 and St db. The calibrator circuit consists of a reon bulb and an 
amp if.er tube together w,th the necessary tuned circuits. The local 
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11 

Figure 4-5. Radio Test Set AN/PRM-1A 
(Similar to Stoddart NM-20B) 

frequencies of 455 kc are used in bands 1. 3, and 4. and 1600 kc in the 
other four bands Attenuator settings of X10. X 1 O’. XIO and X10 are 
built into the Ri' and IFamplifiers The indicating meter has a two decade 
logarithmic scale of I to 100 microvolts and an approximately linear scale 
which runs from 0-40 db The calibration frequency is fed into the first 
RF amplifier. The mixer consists of two tuned stages the mixer and the 
amplifier, and the local oscillator. Four IF amplifier stages and two 
stages of AF amplification are used. A balanced bridge circuit with two 
pentodes forms the VTVM circuit, the unbalance being created by potentials 
from the receiver and AGC outputs. The power requirements for this 
meter are 1. 1 volte at 0. 56 amperes for the "A" battery and 75 volts. 
30 milliamperes for the "B" battery, ail of which can be provided by means 
of regulation type dry cells The meter is also equipped for obtaining 
power from 115 or 230 volts AC. 50 to 1600 cycles per second. For 1 15 
volts. 60 cycles power supply constant voltage is maintained through a 
regulating transformer with two secondaries One has high leakage¬ 
reactance; and the other, shunted by a condenser, is a resonant loop The 
I I volt filament supply is obtained through a step-down transformer and 
a bridge connected selemum rectifier with filter. The 75 volt plate 
potential comes directly from the secondary of the regulating transformer, 
before rectification. The rectifier is a selemum bridge and close regula¬ 
tion is obtained by means of an OA-3/VR 75 tube. For frequencies other 
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chan 6 0 cycles per se. ond where the resonant loop cannot be used without 
modification, thermo regulator tube serves as a voltage regulator. An 
autotranslormer makes provision for power supplies of 230 volts, The 
AN/PRM-1A includes the addition of a beat frequency oscillator (BFO1 
circuit. 

2. 2 4 RADIO INTERFERENCE TEST SET AN/URM- 3 

Radio Interference Measuring Set AN/URM-3 covering the fre¬ 
quency ranges of 0. 15 to 0. 4 me. and 1 6 to 40 me, was des.gned and 
developed by the Signal Corps Engineering Laboratories primarily for 
the measurement of "broadband" interference and represents a new con¬ 
cept in the measurement of broadband interference. It re approved and 
in use by the Army for interference measurements. The equipment con¬ 
sists basically of a superheterodyne receiver and a calibrated impulse 
noise generator generating pulses exhibiting a stable and uniform spec¬ 
trum up to 40 me. the peak value of which is adjustable to known values 

2 2 5 NOISE AND FIELD INTENSITY METER EMPIRE NF-105 

Noise and Field Intensity Meter Empire NF-105 is produced bv 
Empire Devices Products Corporation of Amsterdam. New York The 
equipment is designed for use over a frequency range of 150 kc to 1000 me 
Basically, the equipment consists of a receiver, calibrating circuits. 
indicators, and pickup devices. 

Components which are common to all frequency ranges are en¬ 
closed in the basic measuring unit. They include the peak and average 
reading vacuum tube voltmeter, the calibration standards, attenuators, 
detectors, the audio amplifier, and the power supplies 

Ihe Ri and IFcircuits are housed in four interchangeable plug-in 
tuning units. The first unit tunes from 150 kc to 30 me m six bands and 
incorporates a 455 kc and a 1600 kc IF strip. The second unit tunes from 
20 me to 200 me in 2 bands and incorporates a 10 7 me IF strip. The 
third unit is continuous tuning from 200 to 400 me ard incorporate» a 
30 me IF strip. The Icurth unit uses two bands to tune from 400 me to 
1000 me and incorporates a 42 me IF strip The instruir ent has input 
attenuator settings corresponding to 0, 20. 40. 60. and 60 db. 

Two types of calibration standards are housed in the basic unit. 
One standard, a sme wave generator, is med in the frequency ranges 20 
to 200 me and 200 t . 400 me and permits spot frequency calibration The 
other standard is a broadband impulse n. :.e generator which produces a 



Carrier or peak measurements of CW signals are indicated on a 

meter in microvolts, and db above I microvolt. Peak measurements of 

broadband s.gnals are ach>eved by direct meter reading or by an aural 

slide.back method Broadband interference is indicated directly in micro 

volts per megacycle nr per kilocycle of bandwidth 

The equipment's power supply provides regulation for both plate 

and filament voltages Input power to the equipment may be 115 volts AC. 

50 to 400 cps or 12 or 24 volts DC An inverter is used for DC operation. 

input to the receiver. 

NOISE AND FIELD INTENSITY METER EMPIRE NF-205 2. 2. b 

balanced 

on probe 

A 12 inch loop antenna or a vertical pickup rod is supplied for 

III rd 3 UI Cillas*«.*» -- , , 
1000 me dipole antennas are supplied. These antennas include balun 

transformers which match the balanced output of the antennas to the un-

The Noise and Field Intensity Meter Empire NF-205 (see Figure 

4-6) is similar to the Empire NF-105 in frequency range and other param¬ 

eters However, it is noted that the NF-205 has an improved mercury 

type impulse generator with a peak amplitude variable from -10 to 481 db 

above 1 microvolt per megacycle bandwidth. 

Interference measurements are made in terms of the output of 

the calibrated impulse noise generator by aural comparison at threshold 

level with the "unknown" interference This method provides an accurate 

measurement of the peak value of the impulse interference in terms of 

microvolts per unit bandwidth and is independent of the gam and bandwidth 

of the measurement receiver. The method of injecting the output of the 

calibrated impulse generator into the receiver input is such that inter¬ 

ference measurement is independent of antenna impedance 

A nine-foot rod antenna is provided for radiation measurements 

for increased sensitivity. It is not calibrated for effective height be¬ 

cause of the manner in which it >s used for interference measurements 

(in close proximity to the equipment be.ng tested and in a non-uniform 
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Nour and Field fMcw.y Meter EMPIRE NF ¿OS 

held over iu length). In measurements 
calibration in luding the term ' per rn.*! 

me er ’hrst c ondit. or.s s u< h a 
•wiuldbr invalid 

Accessories include magnet.. and -r < held probe, for exp: 
hon purposes and matching end cvtplmg -etworks for use of the test sr 
as a two termina: RF mtc rovoltmete r Hug in power s ppl.es are pro-
vided for 15 volt AC and 12 and ¿4 v, It DC .peral-cn 

MOISE-FfELU INTENSITY Mt. EH FS-SH7, U AKU TS-5H7A/U 

Noise-Field Intensity Meter TS-5B7 U or TS-587A/U ts also 
listed as NMA-5 It .. acceptable , 1. u„t....... ; „„ent is avadabl. 
This meter operates from 15 me to 400 rn. ,n four bancs There are three 
low frequency bands: 15 rnc-JI me. 2 7 me -64 m. 60 me-125 me and one 
high requencj band 100 me 100 me The mtermed-ate frequency em¬ 
ployed for the three lower ranges >s H m. and JO me s .sed for the upper 
□and. Its construction is unique in that the 17 amplifiers lor the two inter¬ 
mediate frequencies are completely independent n: each „her as to tube 
comp «ment. ..nd transformers Thu „.primes the tu,.mg selectivity 
and s ab.hty Df the circuits but adds u the weight and . umplexity of the 
instrument oy requirm.t mere tubes and parts The attentcator has values 
of À I X 10. X i IIa X 1 0-' When k-i . ■ \ • • I «n^n •«<!.» a the jutpu. meter ha» a range of 
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0-100 microvolts. A decibel scale s aleo provided Another feature of 
the TS-587/U meter which add« to stability is the use of a grounded-grid 
push-pull amplifier in the 100.400 me HF stage. This instrument em¬ 
ploys four stages of IF amplification in each channel and two AF stages 
beyond the detector. The metering circuit for the VTVM contains two 
amplifier tubes in a balanced circuit with the indicating meter connected 
between the plates. The control grid of one tube is connected to ground 
unbalance being produced by the output of the detector fed into the grid of 
the other tube The 60 cycle. 115 volt power input contains a line filter 
but has no voltage regulation in the input. The rectifier and filter for +B 
supply is conventional with electronic voltage regulation added A 
separate rectifier through an RC network, provides 45 volts DC for the 
plates of the balanced tubes in the metering circuit. 

2.2 8 RADIO INTERFERENCE MEASURING SET AN/URM-7 

Radio Interférence Measuring Set AN/URM-7 is a radio interfer¬ 
ence and field intensity meter developed by the Signal Corps as an engineer 
ing instrument primarily for the measurement of broadband interference 
although incorporating facilities for CW interference and field intensity 
measurements. Inasmuch as broadband interference has spectrum prop¬ 
erties, the Radio Interference Measuring Set is designed to measure the 
peak value of such interference in terms of microvolts per megacycle 
bandwidth over the range 20 to 100 megacycles. To accomplish this type 
of measurement, the instrument incorporates a noise reference standard, 
the output of which is calibrated in terms of microvolts per unit bandwidth 

The noise reference standard is an impulse generator which 
generates impulses of the order of 5 x 10"'° seconds in duration and as a 
result these impulses exhibit uniform stable spectra out to at least 400 
megacycles which is the highest frequency to which the Test Set can be 
tuned. The impulse generator output is injected into the input circuit of 
the tuner portion of the Test Set in such a manner as to permit meas¬ 
urement of open-circuited antenr.a terminal voltage on a per megacycle 
basia. 

The tuner portion of the Test Set utilizes a superheterodyne cir¬ 
cuit. The frequency range 20 to 400 megacycles is covered by means of 
two plug-in type RF heads, the first of which tunes from 20 to 200 me in 
two bands and incorporates a 10 7 megacycle IF strip, and the second 
head tunes continuously from 200 to 400 megacycles and incorporates a 
30 megacycle IF strip. The visual output indicator is a peak reading 
vacuum tube voltmeter with a logarithmic scale calibrated in microvolts 
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and a linear decibel scale calibrated in terms of decibels abc.ve one 
microvolt per megacycle. The lo^ar ithn.ii scale chara, trristi. is 
achieved through tapered pole pieces in the indicating movement, which 
eliminates the necess ty of using automat:, gain control with its inherent 
undesirable effects on noise measurement The VTVM time constants 
are such as to permit peak measurement within 10 per. ent. at repetition 
rates down to ten pulses per second. The Test Set ran be operated di¬ 
rectly from 1 10 volt AC power and is equipped w-.th a converter unit to 
permit 24 volt DC operation. 

The Test Set is to be equipped with two antennas a d ipole type 
which can be resonated at each test frequen y and a broadband antenna 
which requires less frequent adjustment The dipole an-enna >s used for 
field intensity measuring applications where the effective height must be 
known. The broadband antenna is used in suppression test applications 
where the antenna must be placee close to the source of interference. e. g 
testing an automotive vehicle lor inlet1er ent e emanation The Test Set 
is equipped with probes for conducting exploratory interference tests and 
coupling networks to permit use of the instrument as a two terminal noise 
microvoltmete r. 

1.13 RADIO INTERFERENCE MEASURING SET AN DRM-47 

Radio Interference Measuring Set AN/tIRM-47 an equipment 
developed by the Navy to locate and measure rad.o interfereae, and field 
intensities. It is similar to commercial model Stoddart NM-80A (see 
figure 4-7). The equipment covers the frequency spectrum of 20 to 400 
megacycles per second in six bands. A low-pass filter located at the in¬ 
put to the receiver provides attenuat.cn for frequencies above the tuning 
range of the receiver. The RC time constant peculiar to the detector and 
AGC Circuits permit measurements in terms ol the average, quasi-peak. 
or peak value ol the input signal, io accomplish these measurement, the 
instrument incorporates a comparison (calibrating) voltage source. 

The calibrating voltage scurf -n.„ an mps ,e type calibra¬ 
tor which is driven by a free running multivibrator operating from approx: 
mutely,8 to 20 cps The output of the impulse calibrator is applied to the 
input of the receiver to provide means of adjusting the gain of the IF strip 
for a standard value of signal input to the metering circuits Switching 
circuits then permits this source to be Oise ennee led and the s.gnal to be 
measured to be appl.ed to the test set Field mtensity measurements in 
microvolt per meter are then a prc:f t J ihe meter r M «:„ times the 
attenuator set*.ng time* the antenna farter 
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Figure -1-7. Radio Interference Field Intensity Meter Stoddart NM-30A 
(Similar to AN/L'RM-47) 

Circuits closely resrmMu« conventional superheterodyne cir-
cuits are used in the RF. IF and Al stages of rhe test set These cir¬ 
cuits differ from conventional receiver circuits mainly in their provisions 
for RF attenuation and detector output measurement A turret type atten¬ 
uator provides RF attenuator settings corresponding to 0. Z0. 10. 60. and 
HO dt) The local oscillator rtilir.es ■ triode, transformer, and a tuning 
and trimin« capacitor arranged n a modified colpitis circuit The circuit 
• s designed sc. that the local oscillator frequency is always 15 megacycles 
higher than the signal frequency Signals from the RF and local oscillator 
are fed to a mixer which provide! ar. IF frequency of 15 megacycles The 
indicating meter has a two det ade I. ,:a- thnuc st a Ie < alibr ated from its 
100 microvolts and an approximately linear scale calibrated from 0 to 
40 db The test set can be operated from voltages of I 05 to IZ5 or Z I 0 to 
250 volts AC at frequencies of 50 to 60 nr 400 cycles per second, single-
phase 

2 2 10 RADIO INTERFERENCE MEASURING SET AN/TRM-4 

Radio Interference Measuring Set AN/TRM-4 is designed to 
cover the frequence range of 150 1000 megacycles in 1 bands The 
equipment has n. • ¡.used evaluation by the military and therefore has 
been assigned as Class 3 by MH -I-le'HOA 



¿ - 11 RADIO TEST SET AN/UR M I ' AND AN, URM - 17A 

Radio Test Set AN/URM-17 is a portable, single band, super¬ 
heterodyne type radio interference and field intensity meter. A similar 
commercial equipment NM-50A is manufactured by Stoddart Aircraft 
Company. It may be used to measure radiated or cundund radio inter¬ 
ference in the frequency range of 57 5 to 1000 megacycles. As a radio 
frequency voltmeter it will measure voltages from 10 microvolts to 10 
volts. As a field intensity meter it will measure from 100 microvolts 
per meter to 100 volts per meter. The intermediate frequency is 60 
megacycles. The effective bandwidth varies from 1.8 megacycles at a 
signal frequency of 1000 megacycles to 1 0 megacycles at 470 megacy¬ 
cles signal frequency. Charts are provided with the equipment showing 
effective bandwidth as a function of frequency of the measured signal. 
The attenuator control graduated in XI0 s aps provide« for attenuation 
from X10 to X 100. 000. If is designed to operate from ar AC power 
source of 107 to 125 volts, or 210 to I A volts, between -0 and 1600 
cycles per second. This set is designated as Class 1 by MIL-I-169 10 A. 

2.2. 12 RADIO FREQUENCY MEASURING SET AN/URM-42 

Radio Frequency Measur ng Set AN UKM-42. nmilar to Stod¬ 
dart s commercial model NM-60A, in an equipment used for detecting 
and measuring the intensity of radiated a-id conducted interference. In 
addition, the instrument IS also used lor f e]d intensity measurements 
in the frequency range from 1 g< to .0. 7 g< . The frequent y range of the 
equipment is divided into 4 bands. 

60 and 160 me are employed. 

signal. Gain is standardized by use of an .mpulse generator 
age is IOS to 125 volts. AC. 50to 400 cps, single-phase. 

A small disc.ne antenna s 
urements over the entire frequency 
horn antennas arc supplied for each 

supplied for omnidirectional meas 
range (A the equipment Directional 
tuning range 

í. ¿ 1) RADIO INTERFERENCE MEASl.’ .’t !NG SET AN'TRM-6 

Radio Interference Measuring Set AN/TKM-6. swmlar to Pola-
rad Electronics Company commercial model FIM A. B (see 1 igure 4-8). 
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is a triple conversion superheterodyne receiver developed by the Air 

Force for radio frequency interference and field intensity measurements 

The equipment operates over the frequency range between 1 and 1 0 gc. 

In order to cover the wide frequency range, four RF tuning units 

arc employed. Each tuning unit • ontams a preselector, a first crystal 

mixer, a local oscillator, a calibrated signal generator, and an associated 

mechanical drive system. The calibrated signal generator derives its 

power from a klystron located within a coaxial cavity resonator. A 

temperature compensated thermistor br.dge and metering circuit permits 

direct reading in microvolts or -dbm of signal generator output 

The output of the signal generator or the input RF signal may be 

applied to an RF step attenuator which has a range of 0 to 60 db in 20 db 

steps. The attenuator control also inserts a 0 to 20 db attenuation pad. 

in 1 db steps, in series with the 140 me IF output of the preamplifier 

The output of the klystron local oscillator is tracked with the 

preselector through a mechanic al drive system The system is so de¬ 

signed that the frequency of the local oscillator when heterodyned with 

the signal from the preselector produces an IF frequency of 260 me 

(first IF). 

Figure 4-H. Radio Interference Measuring Set AN TRM-6 

(Similar to Pola rad HIM A) 
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Crystal controlled local oscillator outputs oí 1ZC and 180 me arc 
mixed with the first IF frequency to obtain IF frequencies of 140 me 
(second IF) and a 40 me (third IF). The third IF signal is applied to the 
signal detector, the meter detector, and the AFC circuit. 

The signal detector recovers the modulation of the 40 me IF signal 
and applies it via a cathode follower to a video output jack. The meter 
detector drives the output meter in accordance with the position of the out¬ 
put meter function selector switch The function selector switch pro¬ 
vides for the measurement of the average, quasi-prak, or peak value of 
the input signal. A recorder output jack, connected in parallel with the 
meter permits continuous recording of the meter reading. A 1000 cps 
audio oscillator and amplifier can be used to amplitude modulate the out¬ 
put of the crystal controlled local oscillator as an aid in detecting un¬ 
modulated input signals 

The power supply for the equipment is contained in a separate 
unit. The unit includes meters and switches circuits for monitoring the 
bias, low voltage, repeller, beam supply output voltages, and the cathode 
currents of the local oscillator and signal calibrator klystrons. Power 
requirements for the power unit are 115 or 2)0 volts AC. * 1 07c. 50 to 
450 cps, single-phase 

One omnidirectional and four directional antennas are supplied 
with the equipment. The conical omnidirectional (distune) antenna covers 
the entire frequency range of the equipment and may be operated with ver¬ 
tical or horizontal polarization. Two of the directional antennas are wave¬ 
guide horn antennae with coaxial inputs while the other two are of the horn 
fed parabolic type also with coaxial inputs. The directional antennas may 
also be operated with either vertical or horizontal polarization. The an¬ 
tennas are equipped with mounting plates for attachment to a tripod. 

2 2 14 RADIO INTERFERENCE MEASURING SET AN/URM-H8 

Radio Interference Measuring Set AN/URM-138 (see Figure 4 9) 
is one of the more recent equipments developed by the Bureau of Ships for 
interference and field intensity measurements The equipment is designed 
to operate over the frequency range between I and 10 gc. Similar com¬ 
mercial equipment is manufactured by Stoddart as Model NM 62-A. 

The frequency range of the equipment is covered by four integral 
radio frequency tuners. The tuners are connected to a motor drive sys¬ 
tem which permits the frequency range of the equipment to be scanned 
automatically An internal impulse generator is used as the reference 
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standard to calibrate the giin of the equipment. The equipment ha» alten 

uator settings corresponding Ie 0. ¿0. 40. b0, and KO db. Jacks and con 
nec t< rs on the iront pane! pr vide a stretched video output for connection 
to an oscilloscope. a bO rm intermedíate frequency output tor connection 
to a panadapter, a DC output tor connection to a rectilinear plotter, and 
an audio output for connection to a headset An interna! speaker is also 
>n< orporated to monitor the audio .signal Transistors are used in the 
power supply circuits. Power required lor operation of the equipment 
■ s 1 15 cr 2)0 voitj AL. 5C to bO or 4 00 i ps single - phase. 

An omnidirectional broadband discone antenna is provided to 
cover the entire frequency range of the equipment A separate directive 
antenna is provided for each of the four radio frequency tuners The an-
terinas for Bands I and ¿ are of the horn type the antennas for use with 
Bands J and 4 are hum fed parabolic assemblies The antennas are 
equipped with mounting plates for attachment to a tripod. 



2 3 SUMMARY CF INTERFERENCE MEASURING EQUIPMENT 

For comparison purposes the currently available interference 
and field intensity instruments car be divided into the following seven 
family groups according to their frequency ranees 

a. Very low frequency meters (50 cps to 15 kc ) Only the 
AN/URM-41 is discussed in this group 

b. Low frequency meters ( I 4 kc to 250 kc) Only the AN/URM-6 
is discussed in this group 

C. Medium and high frequency meters (150 kc tn 20 me and 
>50 kc to 40 me). The AN/PRM-1A and the AN/URM-3 are discussed 
in this group. 

d Very high frequency meters (15 me to 4C0 me and 20 me to 
400 me). The TS-587/U. the AN/URM-7. and the AN/URM-47 are dis¬ 
cussed in this grouo 

e Vitra high frequency meters (150 me to 1000 me and 400 me 
to 1000 me) The AN/TRM-4 and the AN/URM-I7A are discussed in this 
group. 

f. Meters coveting the low frequency through the ultra high 
frequency spectrum (150 kc to 1000 me) The AN/URM-85. the NF-105 
and the NF-205 are discussed in this group 

g Super high frequency meters (1 gc to 10 gc and 1 gc to 10 7 gc) 
The AN/TRM-6. the AN/URM-138, and the AN/URM-42 are discussed in 
this group. 

In the very low frequency range the AN/URM-41 is one of the 
more recently developed general purpose interference measuring instru¬ 
ments. Available military specifications do not dictate a requirement for 
the low frequency range covered by this instrument. However, it is felt 
that one of the military specifications such as MIL-I-Io91CA (Ships) may 
at a later date issue an amendment for broader frequency coverage and 
therefore incorporate the requirements for this equipment. The equip¬ 
ment is unique in its method of measurement but takes considerable 
training in its use. 

For low frequency coverage the AN/URM-6B is used and is the 
latest model in the AN/URM-6 series. The instrument is accepted for 

4-27 



use in MIL-I-1 1748B and designated as Claes 1 by MIL-I-169 1 OA. The 

equipment has satisfactory bandwidth and sensitivity and provides the 

proper detector functions. 

In the medium and high frequency range the AN/PRM-1A is desig¬ 

nated Category A by MIL-I-6181D and MIL-I-26600 and as Class I by 

MIL-I-169 10A The instrument is truly a field equipment incorporating 

its own battery pack or will operate from a power line source as well. 

The equipment has satisfactory bandwidth and sensitivity together with the 

proper detector functions for interference measurement requirements. 

The AN/URM-3 is designated as acceptable by MIL-1-1 1748B and as 

Class U by MIL-I-169 1 OA. The instrument is a special purpose equip¬ 

ment developed by the Signal Corps for measurements of impulse type 

interference. The equipment incorporates a standard pulse generator 

with a variable pulse repetition rate for calibration proposes. The pulse 

generator permits calibration of the meter with a signal nearly identical 

with the signal being measured and therefore eliminates the need for 

weighting circuits. The equipment is limited however to measurement 

of broadband signals. 

Ln the very high frequency range, the TS-587/U is designated as 

Class IV by MIL-I-169 1 OA ; the AN/URM-7 is designated as Category A 

by MIL-I-6181D. acceptable by MIL-I-1 1748B and as Class II by MIL-I-

169I0B, the AN/URM-47 is designated as Category A by both MIL-1-

61 81 D and MIL-I-2660C. acceptable by MIL-1-1 1 748B , and Class I by 

MIL-I-169 1 OA. The TS-587/U is the military designation for the Stoddart 

NM-5A The company has replaced the NM-5A with the NM-30A (AN/URM-

47) which covers the same frequency range and incorporates both physical 

design and circuit modifications. The AN/URM-7 was developed by the 

Army Signal Corps for open field testing. Actually, the equipment is 

similar to Empire Devices NF-105 incorporating the ¿0 to 200 me and the 

200 to 400 me tuning units. The instrument does nut provide for measure¬ 

ment of the "Quasi-Peak" value of a signa) The AN/URM-47 has satis¬ 
factory sensitivity and bandwidth and has three types of weighting circuits 

properly identified as "Field Intensity. “ "Quasi-Peak. " and "Peak" for 

across the board approval. 

In the ultra high frequency range the AN/URM-17A has been 

designated Category A by MIL-I-6181D and MIL-1-26600; acceptable by 

MIL-I - 1 1748B and Class 1 by MIL-1 - 1 69 1 0A. The instrument comple¬ 

ments the Stoddart line of equipment and is equivalent to the NM-50A The 

equipment has satisfactory sensitivity and bandwidth characteristic in addi¬ 

tion to properly labeled detector functions. 
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For frequency coverage from ISOkc to 1 OCO me three equipment« 
are available- the AN/URM-85 and Empire models NF-105 and NF-205. 
The AN/URM-85 *a* developed by the Army Signal Corps and available 
information indicates that it is not commercially available. The equip¬ 
ment is designated as Category A by MIL-I-618ID and as acceptable by 
MIL-I- 1 1748B Fioth the Empire model NF - 105 and NF-205 cover identical 
frequency ranges by the use of four RF tuning units MIL-I-II748B which 
lists both instruments as acceptable actually states that the NF-205 is pre¬ 
ferred for accuracy, reliability, ease of operation, and maintenance 
Neither instrument provides for the measurement of the Quasi-Peak 
value of a signal Air Force Specifications MIL-1-61 81 D and MIL-1-26600 
designate the NF-105 as Category A MIL.-1-6181 D designates the NF-205 
as Category C-J 

Super high frequency range coverage includes the AN/URM-42. 
AN/TRM-6 and the AN/URM-1J8. The AN/URM-42 has been designated 
acceptable by MIL-1-11748B and is equivalent to the Stoddart NM-60A 
This unit require», the use of an AN/APR-9 Tuning Unit. The AN/TRM-6 
has been designated Category A by MIL-I-6181D and MfL-I-26600 and 
acceptable by MIL-I-I 1748B The instrument utilizes four tuning units 
for coverage of the frequency range. The AN/URM-138 is a newly de¬ 
signed instrument for the Navy and is under evaluation The three above 
equipments have adequate sensitivity and bandwidth characteristics and 
incorporate circuits to permit "Field Intensity. Quasi-F’eak" and 'Peak 
radio interference examinations 

3. SPECTRUM ANALYZERS AND PANORAMIC ADAPTERS 

Spectrum analyzers and panoramic adapters are devices used to 
provide a panoramic display of radio frequency signal distribution in a 
selected portion cf the radii» frequency spectrum The display represents 
a plot of signal amplitude versus frequency, usually cn a cathode-ray 
oscilloscope. A panoramic adapter is a visual display unit used in con¬ 
junction with a suitable receiver which provides the required preselection 
of the desired signal as well as audible indications The spectrum 
analyzer is a self-contained unit which includes both the receiver and the 
display unit. For many purposes, measurements utilizing spectrum 
analyzer techniques have distinct advantages over the use of interference 
meters which indicate rms values, weighted circuits which indicate quasi -
peak levels and slide oack techniques which indicate peak levels Useful 
information such as the presence, or absence, of signals of interest, their 
irequencies. trequency différencies, relative amplitudes, type of modula¬ 
tion, sideband structure, and relative amplitudes may be determined 

Figure 4-10 is a simplified block diagram of a spectrum analyzer. Data 
on 17 spectrum analyzers can be found in Volume 3 of Frederick Research 
Corporation s Tc ■ t Equipment Data Handbook . 
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Figure 4-10. Simplified Block Diagram of a Spectrum Analyzer 

31 GENERAL FEATURES ANO USE 

ill RESOLUTION 

Resolution may be interpreted as the apparent bandwidth of a spec¬ 
trum analyzer while sweeping Resolution is dependent upon the IF band¬ 
width and sweep rate Excessive sweep rate will reduce the resolution. 
Most spectrum analyzers and panoramic adapters presently available do 
not provide sweep rates sufficiently high to produce a serious loss of 
resolution. However, there are some special types which do provide high 
sweep rates capable oí producing excessive loss of resolution. For ex¬ 
ample, with a 25-me sweep width, 30 cps sweep frequency, and a ¿5 kc 
IF bandwidth, there would be a loss in resolution of approximately I 3%. A 
loss of resolution up to ¿0% is tolerable In the selection of spectrum 
analyzers and panoramic adapters, the sharpest resolution is determined 
by the IF bandwidth while the effective resolution is dependent upon the 
sweep rate. The resolution is expressed in terms of frequency as the 
width while sweeping of the spectrum display of a continuous wave signal 
between the 3 db down points A spectrum analyser which presents a CW 
signal 10 me wide at the 3 db points has a resolving power of 10 me Thus, 
the spectrum of any signal located within 10 me al each other would not be 
resolved by the spectrum analyzer and would appear as one signal. Sharp 
selectivity is required in low frequency spectrum analyzers or panoramic 
adapters to provide sufficient resolution In the case where two or three 
CW signals are spaced udy 1 kc apart, they would appear as one signal 
if the resolution were 10 kc However with a resolution of 100 cycles. 
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each would appear as separate signals. For the usual type of emission 
which is encountered below 400 me, a resolution of 100 cycles is usually 
adequate. In the case of pulsed signals, however, the condition of sharp 
resolution is not satisfactory since pulses require a wider bandpass to be 
effectively amplified. Since pulsed signals are usually encountered at 
frequencies above 400 me, spectrum analyzers for use un th pulsed signals 
usually have lower resolution and broader bandwidths. In general, the 
resolving power for pulsed signals should he smaller than one-tenth the 
reciprocal of the pulse length. This means that a spectrum analyzer with 
a resolution of 25 kc would resolve the envelope of a spectra of pulses up 
to 4 microseconds in time duration, which is adequate for radar. 

V 1 2 BANDWIDTH 

Bandwidth is generally defined as the spectral width in cycles 
per second of the frequency response curve of a receiver stage between 
frequencies where the response is down 3 db from the maximum value. 
At microwave and radar frequencies, the proper choice of IF bandwidth 
for a spectrum anaiy/.er is determined by the pulse duration. The longest 
pulse length to be used determines the maximum value nf the handw-.dth 
of the IF amplifier in order that the spectrum seen on the spectrum 
analyzer screen will be a true reproduction of the power spectrum. How¬ 
ever, the shortest pulse length determines the intermediate frequency. 
When RF preselection is not employed, a high intermediate frequency in 
the order of four times the reciprocal of the shortest pulse duration 
should be used to avoid appreciable overlapping of image frequency sig¬ 
nals. Since the pulse length determines the limits of the IF bandwidth 
and the intermediate frequency, the range of pulse lengths will deter¬ 
mine jointly the maximum IF bandwidth and the minimum intermediate 
frequency. The video amplifier bandwidth should be approximately equal 
to IF bandwidth to amplify a signal without excessive lass. Due to the 
congestion at communication frequencies, a much sharper resolution is 
required to provide a means of discriminating against frequencies on or 
near the same frequency For the purpose of observing interfering sig¬ 
nals. a 100 cycle bandwidth will provide sufficient distinction between 
frequencies that are on or near each other. In general, resolution much 
less than 100 cycles will result in too great a lose of sensitivity 

5.1.3 SWEEP WIDTH 

This is the maximum frequency spectrum width which the spec¬ 
trum analyzer will accept and present as a visual display. The sweep 
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width is determined by the emission type to be observed. In meet cases, 

a ¿5 me sweep width is adequate above 500 me and a 100 kc sweep width 
is adequate below 500 me. 

3.1.4 SWEEP FREQUENCY 

The sweep frequency is the number of times per second the dis¬ 
played width of a frequency spectrum is scanned The amount of envelope 
detail in the spectrum depends upon the relationship between ’.he pulse 
repetition frequency and the sweep frequency The definition of a pulse 
spectrum will be adequate if the sweep frequency is to greater than one¬ 
fiftieth of the pulse repetition frequency of the input signal. The effect of 
different sweep frequencies on the same RF pulse spectrum is shown in 
Figure 4-11. The lower limit cf sweep frequency depends upon the 

persistency of an indicator screen, since objectionable flicker will result 

from a ¿0 cycle sweep frequency using a short persistence screen With 

a long persistence screen (such as P7) a sweep frequency of 1 cycle is 
usable. A loss of sensitivity and resolution will result if the sweep fre¬ 

quency is too high A 10 cycle sweep frequency 25 kc IF bandwidth. and 
a 25 me sweep width will result ;n approximately a 6 percent loss of 
sensitivity. Generally, this loss is not considered excessive for normal 
spectrum analyzer applications 

igure 4-11. Effet t of Sweep Frequency on PF Pulse Spectrum 

3 1 5 SWEEP RATE 

The sweep rate is the product of the sweep width in cycles per 

second times the sweep frequency in cycles per second The product is 
expressed in cycles per second per second 

3 I b CALIBRATION 

Accurate frequency calibration is desirable in both spectrum 
analyzers and panoramic adapters. The frequency calibration is only 
desired to measure frequency difference, while the absolute frequency 
measurements should be made with a frequency meter 
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VI 7 FREQUENCY MARKER 

A frequency marker is a marker that enable« the operator to 
measure the frequency difference in the visual display The marker 
should contain an on-off switch and controls for varying the marker 
amplitude and position. 

J. 1.8 SENSITIVITY 

For use with a measuring antenna, a spectrum analyzer should 
have high sensitivity. A minimum discernible CW signal indication should 
be obtained with an output of -85 dbm or less in the frequency range of 
400 me to 10, 000 me The sensitivity requirement may be reduced in 
the order oí 10 db when the spectrum analyzer is directly coupled to a 
transmitter output by means of an attenuator or directional coupler. In 
the frequency range 50 kc to 500 me a much higher sensitivity is desirable 
A communication receiver adapted for use with a panoramic adapter 
should provide a minimum discernible CW signal indication with an in 
put of one microvolt or less This level of sensitivity may be achieved 
with a communication receiver with two or more RF amplifier stages 
A normal overall RF selectivity curve of a receiver will appear as shown 
in Figure 4-IZA A panoramic adapter normally employs an uvercoupled 
input stage which produces a selectivity curve as shown in Figure 4-12B. 
The resulting overall selectivity curve at the output cf the first amplifier 
.n the panoramic adapter will then appear approximately as shown in 
Figure 4-12C. The purpose of this overcoupled amplifier stage is to 
msure uniform sensitivity throughout the visual display. 

Figure 4-12. Selectivity Curves 

4. PICKUP DEVICES 

The pickup devices used for radio interference measurements 
are either a two terminal probe, which is used for making measurements 
of conducted interference. or an antenna, which is used for making meas-



urements of radiated interference m the sense of the interpretation of 
MIL-I-6IA1D (spp Paragraph 2. I I of Section 2). 

For any kind ul pickup device the first question to be asked is 
whether it is desired to obtam the maximum indication of the output meter, 
or whether the most important consideration is to keep the measured 
circuit undisturbed. In the first case, the pickup device should be de¬ 
signed for an impedance match so that maximum power transfer may tak«* 
place. In the second case the input impedance of the pickup device should 
be as high as possible. Since radio interference measuring sets should 
give indications of the worst possible conditions the pickup devices are 
usually designed for a good impedance match. The measurement of con¬ 
ducted interference is achieved by means of the i.npedance stabilizing 
network specified in MIL-1-169I0A the main purpose of which is ntandari-
zation, and minor mismatches are of little consequence. For the measure¬ 
ment of radiated interference, the antenna may be thought of as a device 
that matches the input impedance of the meter to the impedance of the 
wave that is being picked up. If the antenna is placed close to the source, 
which is the condition usually found in radio interference work, then the 
difference between the conditions of maximum power transfer and mini¬ 
mum effect on the source still exists But if the antenna is placed far 
away from the source (i. e. in the true radiation field as defined in Para¬ 
graph 2.2 of Volume 1). then the difference disappears since the antenna 
will not react back on the source regardless of its impedance 

The position oí the transmitting antenna in space with respect 
to earth determines the polarization of the emitted wave A vertical an¬ 
tenna radiates a wave consisting of a vertical electric 'leid vector and a 
horizontal magnetic field vector A horizontal antenna radiates a hori¬ 
zontally polarized wave consisting of a horizontal electric field and a 
vertical magnetic field A radiated field intercepted bv an antenna sets 
electrons in motion in the antenna This electron flow constitutes a cur¬ 
rent that varies in accordance with the variations of the field The volt¬ 
age which is effective in producing a response in the receiver is equal 
to an effective height times the electric intensity of the field The effec¬ 
tive height of an antenna car. be described as the alculated true electrical 
length, corresponding t a perfect antenna ’.hat will produce the same 
field strength 

When a loop antenna .s used, the magnetic component of the 
radiated Leid induces a v /die in the loop. The lt> p output voltage is 



Field intens ty is the value of the electric field at a given point 
and is meaiured in terms of volts-per-rr.e ter One vol t - pe r-me te r is 
equivalent to a potential of one volt induced in à vertica. rod antenna 
having an effective electrical length of one meter 

For plane waves three types of antennas are used for measure¬ 
ment of field intensity: rod, dipole, and loop. However for fields other 
than the plane wave tvpe. these three types of antennas y-eld different 
quantitative results when measurements are made near a noise source. 
This is due to the predominance of the electric or magnetic field. Rod 
and dipole antennas are more sensitive to electric fields, whereas loop 
antennas arc mere sensitive to magnet.c fields Loop antennas have 
very low impedances and are therefc e rr . re sensitive n the vicinity of 
sources which produce small electric fields compared to the magnetic 
field. The impedance of a loop antenna may be decreased further by 
surrounding the loop with an electrostatic shield, broken in the middle, 
which decreases the sensitivity to elec tric fields. This feature is some-
tinues valuable when high electric and magnetic fields are present simul¬ 
taneously and the antenna is to discrimínate against the first. It is ob¬ 
vious that in a field whose nature is unknown, measurements must be 
made both with a rod and with a loop antenna in order tc determine the 
worst possible Condit one. 

Both directional and omnidirectional antennas are required A 
directional antenna will have maximum gam in the direction for which it 
is designed while omnidirectional antennas have uniform gain in a partic¬ 
ular plane Before an antenna is chosen. the desired polarization should 
be considered. The polarization of a half- wave dipole is the same as the 
direction of its axis. The direction of the electric component of the field 
is the same as the direction of the antenna wire The polarization of an¬ 
tennas composed of a number of haif-wave elements arranged so that their 
axes lie in the same direction will be the same as that of any one of the 
elements. However, if both horn inial and vertical elements are used, 
the pularization will be the resultant .. trie • ontributiuns made by each set 
of elements to the total electromagnetic field. A vertical whip antenna 19 
omnidirectional in the horizontal plant* 

Loop antennas have the property of being strongly directional 
The received signal is a maximum if the source lies in the plane of the 
loup and a minimum if the plane of the loop ¡s perpendicular to the line 
from the antenna to the source This property is of great value in locating 
an unknown source The directional pattern results from opposite sides 
of a loup acting as a pair of epa< ed antennas carrying currents of opposite 
polarity. Energy is not radiated in a direction perpendicular to the plane 



oí the loop because the radiation in this direction is always cancelled by 
radiation from a cor responding element on the opposite side oí the loop 
that is carrying current in the opposite direction. The directional pattern 
is independent oí the exact shape of the loop, provided the loop is small 
compared with a wavelength. Special loop antennas with comparatively 
high impedances are available so th.i* their directional effects may be 
utilized alec for high impedance fields 

With most radio interference measuring sets, regulation equip¬ 
ment consists of two vertical rod antennas and several loop antennas of 
different sizes. The rod antennas have effective electrical heights of one-
half and one meter, respectively They are built in three or four sections 
which telescope to save space in packing, and have adapter connectors at 
the base for attachment to the meter input. The telescoping rods may be 
conveniently calibrated for lengths corresponding to different input fre¬ 
quencies. Connectors are provided for attaching horizontal wire antennas 
and for coupling with impedance matching networks The loop antennas 
may be round or rectangular and vary in size from one-half inch to 30 
inch diameter or more. The larger loop antennas can be mounted on 
tripods so that they can be rotated m any direction. Shielded cables are 
provided to connect these antennas to the meter. 

Although the basic principles of antennas are essentially the same 
for all communication frequencies, certain factors at VHF and UHF fre¬ 
quencies require changes in antenna techniques. Antenna systems at VHF 
and UHF frequencies are required to cover a wider frequency range than 
antennas at the lower frequencies. Usually there is no marked difference 
in effective working radius with either vertical or horizontal polarized aji-
tennas, although horizontal polarization may provide better signal levels 
over irregular terrain. The following antennas may he used in the VHF 
and UHF range dipole, Yagi, conical, discone, and vertical antennas. 
Antennas used in the microwave region are usually of the broadband type 
Conical and discone antennas are satisfactory for microwave reception 
because they are capable of covering a wide range of frequencies in the 
order of 10 to I and their physical size s small. A horn-type antenna is 
capable of providing directivity m most cases where a directional antenna 
is required. 

Data on 31 pickup devices fin be found in Volume IV of Frederick 
Research Corporation s Te -t j i Data Handbook. 

5. SIGNAL GENERATORS 

The strength of an interfering signal may be accurately measured 
by comparison with a signal from a calibrated signal generator used in 
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conjunction with a suitable indicator such as the spectrum analyzer de* 
scribed above (signal substitution method). Calibrated signal generators 
may be used to provide an approximate frequency check, however, in 
most cases they are not accurate enough lor absolute frequency checks. 
The following specifications should be considered for each signal genera¬ 
tor available before the final selections are made: (a) capable of tuning 
the required frequency range (b) capable of l-mw output, (c) attenuation 
from 0 to -l¿0 dbm. and (d) low harmonic and spurious output Data on 
bS signal generators can be found in Volume 4 of Frederick Research 

Corporation's Test Eqmgn.rM Data Handbook 

6. FREQUENCY METERS 

Heterodyne frequency meters are needed to provide sufficient 
accuracy for frequency measurements in interference studies. A signal 
from a heterodyne frequency meter can be beat with an unknown signal 
to obtain its frequency by adjusting for an audible zero beat between the 
two signals. The zero beat point may he ir ore accuractely obtained by 
using an electron ray .ube (magic eye) Ti e following specifications 
should be considered in the selection 4 ll eq-envy melera. Values given 
are only typical of these for a precise instrument and not intended as 
standard or minimum requirements. 

a Frequency Calibration Accuri'y. The accuracy should re¬ 
main constant over wide temperature variations (+25* to *I25*F). 

k Frequency Stability. The frequency meter should maintain 
the selected frequency without drift after a warmup period (1 part in 10 
mill ion ). 

c. Resetability. It should be possible to recalibrate the fre¬ 
quency meter with ease and accuracy cos) 

d. frequency Indicators The indicating devices should be either 
direct reading or suitable for simple interpolating 

e. Fundamental and Harmonic Signal Amplitude. The frequency 
meler should provide adequate signal levels at the fundamental and harmon¬ 
ic frequencies. A heterodyne frequency n eter is useful over any frequency 
range that it will produce harmonics uf suffi -tent ampliti de tn obtain a dis¬ 
tinguishable zero beat with a signal being measured. When used as a mixer 

Data on 136 fiequency meters can be found in Volume 2 of Fred¬ 
erick Research Corpoi ation's Test Equipment Data Handbook . 
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or receiver, the frequency meter’s range is determined by its highest use¬ 
ful harmonic and it» sensitivity. When used as a generator, as often re¬ 
quired in receiver measurements, the usefulness of a frequency meter is 
determined by its harmonic level and the sensitivity of the equipment under 
test. 

7. CALIBRATION 

7. 1 INTRODUCTION 

Calibration is defined as the c nparison between two instru¬ 
ments, one being a standard of known accuracy, to detect and correlate 
or to adjust any variation ir. the ac < uracy of the instrument being com¬ 
pared. 

All military spec il icatic-i « on interference measurements re¬ 
quire the measuring equipment to be perlodically calibrated or after the 
occurrence of any event which might affect the validity of the last periodic 
calibration. For example, M1L-I-J6910A requires a time interval of not 
more than 6 months between calibrations, whereas MIL-I-26600 merely 
states periodic calibrations must be made 

7 2 GENERAL 

A system including procedures, records, and certificates 
should be established which provides the selection of proper measuring 
and testing equipment and the schedule of periodic calibration thereby 
assuring the interference measuring equipment to be of continued known 
accuracy. Equipment should he calibrated with measurement standards, 
the calibration of which is traceable to the National Bureau of Standards. 
The equipment should be marked tn indicate the date of the last calibra¬ 
tion and the date the next calibration is due. Certificates indicating the 
source and traceability of calibration, the date of last calibration, and 
by whom certified should be maintained for all standards. 

7. J C A LIB R A T ION OF INST R I ’ M E NTS 

Interference or field intensity measuring equipment is generally 
calibrated by signal substitution, that is. substituting a signal of known 
intensity for the signal to be measured An example of such a procedure 
is typified by the Stoddart field intensify meters which have internal 
calibrators such as a noise, impulse, ur signal generator. In this case, 
the instrument is calibrated so that its indicating meter reads directly 
the unknown signa! intensity. 
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An alternat’’ procedure is that of substituting an external radio 
frequency signal generator for the unknown signal and merely adjusting 
its output to produce the same indie;- i>r on the intensity indicator This 
procedure implies that the signal generator has been previously calibrated 
thereby assuring its output to be of known accuracy. 

Three aspects of signal generators must be Calibrated. They 
are frequency, power, and attenuator linearity. The calibration requires 
the use of a standard frequency rneter. power meter, and a series of 
standard attenuators. 

Ln any interference -free design program, particularly when such 
a program must meet military specifications, it is important that there 
be early recognition of the cost and effort required to c alibrate RFI test 
equipment. The unique characteristics of the equipment require a spe-
csalized technical knowledge if the calibration is to be accomplished in a 
minimum of time. Ln addition, calibration technicians require a broad 
background in test instrument work since a large variety of instruments 
must be used in calibration work. 

Because of the importance of correct calibration procedures in 
interference-free de.ign and suppression engineering werk, a complete 
discussion of these procedures has been prepared. This discussion is 
presented in Append x V of Volume J o? this Handbook. The discussion 
includes step-by-step method* of calibrating and shows in detail exactly 
how each type of calibration should be accomplished. 
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SHIELDED ROOMS CHAPTER 5 

1. GENERAI. 

The object oi a shielded room is to provide a space which ia free 
from electromagnetic fields originating outside the intended protected 
space, or, conversely, to confine any e> c : r^magnetic fields originating 
inside the shielded room to that space 1 be shielding o£ one area from 
another is normally obtained by placing a physic al barrier between the two 
regions. The best method for accomplishing this objective is to enclose 
the desired space in a material which has very high conductivity, such as 
cupper. The shielding action, produced by a metal enclosure, is the re¬ 
sult of two effects, reflection of the field from the metal and attenuation 
of the field in passing through the metal. Each effect is independent of 
the other. Chapter 6 of Volume III contains a detailed analysis of the to¬ 
tal shielding effect resulting from both of these phenomena 

The effectiveness of a shielded room is expressed as the ratio 
between the intensities of an elect r »magnetic field outside the room and 
that of the residual field inside the room or the converse The ratio 
may be expressed directly, but is usually given in db of attenuation as 
calculated from 

Attenuation (db) ¿Ü log ■ 

where Ea is the field intensity before passing through the shield, and 
E. is the field intensity alter pausing through the shield. 

Both field intensities must, of course, be- expressed in the same unite, 
such as microvolts/meter. ( MIL-STD-2 •» 5 contains shielded room atten¬ 
uation measurement standards. For discussion and copy of this standard, 
se» Volume IV of this Handbook, Chapter b and Appendix V.) 

it is not sufficient to discuss the attenuation provided by a 
shielded room without referencing this attenuation to the type of field. 
Electromagnetic fields consist of two components termed the electrical 
component and the magnetic component. Both are always present in an 
electromagnetic field, but the relative intensity of each ’nay vary greatly. 
In free space, at a long distance (compared to wavelength) from a source 
of energy, the two components contain equal energy. This condition de¬ 
fines what is commonly termed a "radiation field” or the Plane Wave. At 
short distances from the source of energy, the relative energy may vary 
decidedly from the free spare condition. Since the electncal component 
of the field corresponds to voltage on the conductor and the magnetic 
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component corresponds to current, a field with most of the energy in the 
electrical component is termed a high impedance field (such as produced 
by a rod antenna at a distance mu“h less than one wavelength/2 n). 
Similarly, a field having must of the energy in the magnetic component is 
termed a low impedance field (such as produced by a loop antenna at a 
distance much less than one wavelength/^«) 

In general, it can be said that shielded enclosures offer higher 
attenuation to high impedance and plane wave sources than to low imped¬ 
ance or magnetic fields. The reason for this is that attenuation is a 
function of wall impedance. The greater the difference between the 
shielded enclosure wall impedance and the radiated wave impedance, the 
more the energy of the field will be attenuated. It is necessary, of 
course that the wall have a ’ower impedance than the radiation field, 
implying thereby a high conductivity. It is more difficult to achieve as 
great an impedance differentia) between a low impedance field and a low 
impedance metallic barrier than can be achieved between a high imped¬ 
ance field and a low impedance barrier. therefore, attenuation of low 
impedance (magnetic) fields by a barrier cannot be as effective as the 
attenuation of high impedance fields when a barrier using only high con¬ 
ductivity material is employed Figure 5-1 is a typical shielded enclo¬ 
sure attenuation curve, which I ’n? rates thin characteristic. 

• oi io rMcto«unc oouo.i coppcn swerr 1" wall spacing 

rhpjuF.NCV MEGACVCl.es 

Figure 5-1 Attenuation Curve of Typical Shielded Enclosure 



In the normal laboratory environment. the probability of en¬ 
countering a high energy magnetic field is very small. Unless the 
shielded enclosure is located very close tu a loop antenna which is radi¬ 
ating racio frequency energy in the Low Frequency band (less then 30 he), 
it is highly improbable that any special consideration need be given to 
the design and construction of the enclosure to increase its effectiveness 
against magnetic fieles. 

Slue.ding effectiveness can be expressed by the general equation 

S i R < A i B 

where: S = Shielding effectiveness n db, 
R - Total reflection loss in db tr both surfaces of the shield, 
A * F’enetration or absorption toss in db inside the barrier, 
D = A positive or negative correction term which need not be 

taken into account when A is more than 15 db. It is caused 
by the reflecting waves inside the shielding barrier and is 
calculated in db. When a metallic barrier has an A of less 
than 15 db, it is defined as "electrically thin." 

All of the terms in the previous shielding effectiveness equation may be 
expressed as functions of the meta, conductivity (g ) and permeability (p), 
relative to copper, ard the frequency (f) in cps, as well as the physical 
relations that exist The reflection loss R depends upon the electrical 
nature oí the source (i. c. . low impedance, high impedance, or plane 
wave) and upon the distance r, in inches, of the shield from the source 
The penetration loss A depends not only upon p, f and g, but also upon 
the thickness d, in inches, of the shielding material. 

A(<ib) s 3 >4 pfgd 

Reflection loss is normally neg'etced in elding design. Since its ef¬ 
fect ix always added tu the attenuation cf the fie’d through the shield, its 
neglect provides a safety factor. Reflection loss is inversely propor¬ 
tional to frequency. .Kithough this loss i» a significant number of deci¬ 
bels at all frequencies, at Very High Frequency this loss relative to the 
penetration loss is nearly neg.igihlc 

The effectiveness uf the n etai cn; Insure as a sheld depends on 
the absence of any discontinuities in. the metal. Discontinuities may oc¬ 
cur at necessary openings su< h a.> access doors or ventilating ducts or 
at joints between the metal sheets Cue to defective construction Such 



defci ts will always reduce the attenuation J the held through the meta 

enclosure but will have little cite« t on the reflection 

Another form of defect m const met ion. which reduces shielding 
effectiveness appreciably. occurs when a conductor passes through the 
metai shield of an enclosure. but is not connected to the Shield through a 

circuit of approximately zero in pedar.ee A nail driven through the 

shield, but not soldered to the shield is an example of this fault An 
improperly installed water or steam pipe is also an example. The volt¬ 
age induced by the externa) Held on the portion of the conductor outside 

the shield is conducted inside the enclosure and establishes a field by re-
radiation The <oup'tng between externa! and internal space probably in¬ 
creases with frequency sine*, the conductor becomes longer compared to 
wavelength and. therefore, becomes a more efficient receiving and trans¬ 
mitting antenna. 

It is necessary to have power available inside a shielded room to 

operate test equipment One method ?f obtaining power inside the room is 
by means of batteries or an r. However, the most practical way 
to get power into the room is to br r p if m on well-filtrred power lines 

Figure 5-2 Waveguide - Below-Cut-Off Type of Ventilation Grids for 
Shielded Fnclos ims (»...ruo-« <wr «ivt»T3» •« « ' 
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Usually, the overall shielding characteristics of a room are the same as 
those of the filters Except at very low frequency, the reduction in in¬ 
tensity in a field by the shield is usually much greater than the maximum 
possible attenuation through the filters Obviously, every effort should 
be exerted to obtain the maximum attenuation possible in the line filters 

The vent.lation of shielded rooms is often a problem. Rooms 
made of screen rnesh can be ventilated by forcing a.r through the walls. 
Air tan be introduced into the solid-wall rooms by means of a honeycomb 
grid arrangement that acts as a waveguide below cut-off to very high fre¬ 
quency radio waves One easy way to obtain the honeycomb grid is to use 
an automobile radiator Figure 5 2 shown samples of grid typen in gen 
eral use. 

Lighting for shielded rooms should be obtained by means of in¬ 
candescent lamps operating from the room's power supply fluorescent 
lamps are not recommended because they have a high interference power 
output throughout the radio frequency spectrum 

2. CONSTRUCTION DETAILS 

The most important factor in the fabrication of a shielded en¬ 
closure site is that of construction Results anticipated by adhering to 
detailed design considerations and specifications will be effectively re¬ 
duced by inferior workmanship Generally, most construction contrac¬ 
tors are unfamiliar with RF shielding techniques and consider that ade¬ 
quate shielding will result from a mechanically Bound construction 

Post-cor atruction corrective measures are usually very costly 
and in several cases have approached the original installation costs, a 
high price to pay for experience. Case histories indicate that it becomes 
economically feasible for inexperienced contractors to engage the ser¬ 
vices of a consultant or provide supervisory personnel with a basic course 
in the field of practical shielding techniques and requirements. 

RF shielding, or attenuation is a function of wall impedance 
which, in turn, is a function of joint technique, contact pressure, and 
contact area. It follows then that the ideal RF joint is a clean metal-to¬ 
metai contact under pressure. The pressure of mounting bolts com¬ 
pressing the shielding panels together, provides the necessary electrical 
and mechanical bond between each panel The greater the pressure and 
more evenly it is distributed over the entire contact area, the greater 
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will oc the Attenuation cha rac te ri Stic s atforded by the enclosure. Contact 
pressure plates used m conjunction with large diameter bolts, spaced not 
more than 1¿ inches on-center, is a recommended practice. All bolts 
must be pulled up evenly to a minimum torque of !40 inch/pounds Nails, 
screwdriver-head bolts, or small diameter bolts car. not be tightened 
sufficiently to provide pressure required for an adequate bonu. 

Shielded encl »sure attenuation problems generally lie within the 
areas of paneling, service entries, and doors Loosened or untightened 
bolts, skips in welded or soldered reams, and corroded or cold s< Ider 
joints are among leading contributors 11. RF shielding inadequacy The 
type of pa neb rig used will present its own peculiar problem Attenuation 
characteristics are difficult to maintain in enclosures incorporating wood 
frames, for example as wood can warp and shrin* and Dolts eventually 
work loose seriously degrading the shielding effc' tiveness Elfe live 
bonding of interlocking panels is dependent upon properly tightened U or 
Hat channels to the supporting members Improperly tightened bolts may 
result in a permanently damaged pane. Figure 5-3 shows one mandat -
turer’s solution to this problem of achieving and maintaining high pres¬ 
sure joint construction, providing mechanical strength and rigidity as 
well as excellent electrical bonding between shielding panels 

Figure 5-3 Construction Details oí Shielded Enclosures Showing Features 
Desirable for Low Impedance Connection of Adjoining Surfaces 
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Installation oí corner pieces are particular source* of trouble 
The pieces are more difficult to tighter, sufficiently and because of the 
various directions of stresses applied to these panels during tightening 
poor integral bonding and damage may result No attempt at installation 
of these pieces should be considered without the aid of a torque wrench 
Enclosures utilizing inside bolting assure access to bolts for tightening 
should the construction be erected against building wähl» or other ob¬ 
structions Figure 5-4 illustrates an effective method for joining panels 
of a double shielded enclosure to obtain high shielding integrity at corner 
joints and wall seams 

BC lomlnalsd Send Geteilt 

Effective Method for Joining Panels oí A Double Shielded 
Enc loeure (*er FNC.iNrcxNa co ) 

Bonding the scams of panels used in large enc Insures i s normal ly 
accomplished by welding To be effective the welding must be of good 
quality and all seams must be electrically joined along their horizontal and 
vertical lengths Stringent visual inspections of seam welds by personnel 
acquainted with RF shielding practices and techniques will greatly reduce 
requirements for post-construction corrective meas ires Obstructions 
often impose space limitation problem? that prohibit welding, in which 
case, the obstruction must be removed or other modifications entailed to 
permit completion of the bond Studies of detailed site drawings prior to 
assembly will prevent this problem by permitting the welding of seams, 
which may later be inaccessible, or by permitting other modifications 
required prior to installations Undue welding skip» m seams cannot be 
tolerated 

All shielded enclosures must have service entries for electrical 
power, air conditioning, healing, and perhaps water or similar services 
Adequate shielding effectiveness of air conditioning and heating ducts is 
satisfactorily accomplished by the use of waveguide type louvres or fil¬ 
ters having attenuation characteri stic s greater than ’hat for the entire 



room. (See Figure 5-2 ) Conduit« carrying unfiltered signal cable« 
through the shield walls must be provided with a good electrical bond to 
the enclosure walls by cither brazing or mechanical coupling. All power 
leads into the enclosure must pass through a power line filter mounted on 
the external wall of the enclosure Maintaining adequate RF shielding at 
the access door is often the most difficult provision to achieve The door, 
when closed, must have just as low an RF impedance as the remainder of 
the structure Proper alignment of the door is essential and the door 
must be sufficiently braced to prevent sagging which will ruin the RP seal. 
This also applies to the doer jamb Most shielded enclosure manufac -
turers utilize a senes of phosphor-bronze contact fingers around the en¬ 
tire periphery of the dour to provide the RF seal The better arrange¬ 
ments use two sets of fingers set at right angles to each other. One set 
wipes the other, and is compressed when the door is fully closed. The 
wiping action of the finger stock alone cannot be relied upon to provide 
results for extended periods The use of pressure contact is necessary 
Extreme care must be exercised before, during and after installation to 
protect the relatively delicate finger stock from damage. 

A three point, wedge-type locking system within the door helps 
to assure sufficient even pressure on the contact fingers The system 
can be operated by means of a single handle. If the door is designed to be 
opened from either side, it is mandatory that the handle be thoroughly 
bonded at its point of entry through the frame to prevent its acting as an 
antenna at certain frequencies 

2 I MAINTENANCE 

Maintenance of enclosures is usually ignored completely and 
seldom considered anything but secondary Unlike the majority of equip¬ 
ment used in the electronics field, deterioration in performance of 
shielded enclosures is normally a gradual unapparent degradation in 
effectiveness Monthly preventive maintenance procedures will provide 
some insurance against general uncontrolled degradation These month¬ 
ly checks should include testing assembly bolts with a torque wrench, 
inspecting the finger stock of doors iur broken or mis 9:ng fingers, dirt, 
and corrosion, exam rang the door locking mechanism to ensure proper 
pressure 1er satisfactory bond.ng and checking for damage to shielding 
panels, both inside and outside. Personn.-I working n the enclosure will 
likely make minor modifications to suit their needs, including uuch things 
as driving nails or screws through the shield panels punching holes for 
antennas, telephone lines, or signal cables, and the like. These modifi¬ 
cations can reduce the enclosure's effective attenuation b> 20 to 40 db 



A tight control must be maintained in such instances to assure that only 
necessary modifications are made and that the shielding integrity of the 

enclosure is not destroyed. 

Military Specification MÏL-E-4957A (ASG) sets forth « onsiru- t ion 

detail* and performance criteria for the copper mesh doable-walled, 
cell-type, shielded enclosure This type of enclosure has bc^n consul 
cred the standard for many years by electr>>m< s ir.d istry for research 
and industrial laboratories The prefabricated interchangeable, modu¬ 

lar panel type of construction, described in this specification, utilizes 

40-inch panel increments in 8 and 10 foot lengths. The two layers of 
screening material are separated from each other by tie panel frame 
(approximately I inch) and arc bonded together along the periphery of 

each pane! Ccll-iypc const ruction is the only type covered by current 
military specifications on sc reen rooms. Figure 5-5 shows a complete¬ 

ly assembled cell type enclosure Installation procedures are illustrated 
in Figure 5-6 

Figure 5-5. Cell-Type Shielded Enclosure Completely Assembled. 

(ace (MilStiOINC CO ) 
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Figure 5-6 Assembly vf Prefabricated G cl I-Type Shielded Enclosure«» 

In addition to the cell-type construct on there ire two other 

basic types m genera use. namely, the Sing . Shield and the Double Shield 
Isolated Wai. Single shielded unclskures ar»? often quite adequate in areas 
where the radio frequency environment c known tc be rather limited The 
maximum attenuation to be expected is approximate! y 70 db In addition 
to the lower cost of construe tiun. single shielded enclosures have the ad 

vantages of less weight, ease of ventilation simplification of bonding 
interconnecting surfaces, and simplification oí cornee tions through the 
walls of water lines, cable conduits, and other service items which may 

be required The Double Shield Isolated Wali-type construction, on the 

other hand, presents some rather complex disadvantages in comparison 
with both the Cell-Type and the Single Shield-Type. The Double Shield en¬ 

closure is basically a shield within a shield, and theoretically offers the 
highest attenuation The inner and outer shields arc isolated from each 

other except at one point - the point where power service is brought into 
the enclosure Maintaining tins isolation of the two shields creates many 
difficulties in construction as well as in providing other services to the 
room such as ventilation and water The slight increase in attenuation 
provided by this type construction. as compared with the double wall ceil 

type, is greatly overshadowed by the increased cost of construction and 
maintenance and, therefore is seldom used 
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RADIATION HAZARD PREDICTION 
AND MEASUREMENT CHAPTER 6 

1. INTRODUCTION 

Significant advances over the laut few years in power handling 
capabilities at UHF frequencies have opened new vista« in the commu-
nications field. At the same time, however, the high intensity electro¬ 
magnetic fields thus made available have created a variety of problems 
in the form of radiation hazards to personnel and ordnance. 

The many aspects of radiation hazard (RAD HAZ) rnay be class¬ 
ified into three groups: (I) hazards to personnel; (2) hazards to electro-
explosive devices, and (3) hazards to flammable or volatile liquids such 
as aircraft fuel. Fach of these groups is examined in the following sec¬ 
tions. The mechanism whereby the hazardous situation is created will be 
discussed, and consideration will be given the instrujiTcntatiun and tech¬ 
niques available in the prediction and measurement of RAD HAZ situa¬ 
tions. 

Methods for eliminating radiation hazard have been for the most 
part limited to the restriction of personnel or ordnance from those areas 
where high level power densities are known to exist; or conversely, re¬ 
stricting high power transmitters from illuminating those areas where 
personnel or ordnance are located. Additionally, shielding or screening 
methods have been utilized in an effort to reduce the radiation levels at 
a particular point, but the reflected energy often creates or Contributes 
to a hazardous situation at another point. The use of materials which 
absorb a large percentage of the energy incident upon them has been in¬ 
vestigated* and. although such materials are generally effective only at 
the higher frequencies (their absorpt.on characteristics being dependent 
upon their physical thickness relative to the wavelength of the incident 
field), they may be of considerable value in reducing those hazardous 
situations attributed to a relatively few known emitters. 

X HAZARDS TO PERSONNEL 

Extensive experimentation has been conducted in an effort to de¬ 
termine the harmful effects produced in living tissue as a result of ex¬ 
posure to high level electromagnetic radiation. The results of such ex¬ 
periments on animals, together with the knowledge of ci ream stance« 
surrounding human mishaps, have provided considerable insight into the 
matter, although complete understanding of cause «and effect is still lack¬ 
ing. 



The principal manifestation of an overexposure to high mtensity 
radiation is a signifie ant inc rease in body temperature. The degree to 
which the body may be exposed to such radiation» without »offering severe 
after-effects is dependent upon its ability to reject the absorbed heat 
through normal bodily processe» such ae perspiration and blood circula¬ 
tion. Because of the heating effect, the average power per unit area to 
which the body is subjected become» a parameter of importance in defin¬ 
ing a potentially hazardous situation. The presently accepted maximum 
safe level, which is held in general agreement by all branches of the 
Armed Forces, is 10 milliwatts per cm* for incidental or occasional ex¬ 
posure. and somewhat íes» than this value for continuous exposure. Any 
value of power density greater than 10 mwatts/cma average power then 
defines a radiation hazard to personnel (although no conclusive evidence 
has been obtained, there are indications that portions of the body react to 
peak power as well as average power, thus indicating a susceptibility to 
other than thermal effect»). 

Frequency, as well as power density, is a parameter of interest 
from the RAD HAZ standpoint. ' Because of the penetration characteris¬ 
tic» of Ri energy (the lower frequencies penetrate more deeply than do 
the higher frequencies), the portions of the body affected by electromag¬ 
netic radiations vary with frequency. Since the sensory elements are lo¬ 
cated primarily in the skin, exposure to deep heating, or low frequency 
radiation (<|000 me), may go unnoticed until the damage i» done. High 
frequency radiation, (>3000 me), on the other hand, acts in much the 
«ame way as infrared or sunburn, and the body should receive sufficient 
warning of exposure to this type of radiation. 1 he range of I 000 me to 
3000 me is often considered to be the moet dangerous, since the body co¬ 
efficient of absorption may approach ¡007« at these frequencies (as com¬ 
pared to about 40?o above and below this range) The overall frequency 
range of interest has been established roughly as being between 200 me 
and 10,000 mi. It is important to remember that individual power den¬ 
sity contributions at various frequencies add directly to yield the total 
power density level 

X HAZARDS TO ORDNANCI 

The dangers of premature detonation cf elec troexplosivo devic 
(F.EDs) caused by the pick-up of stray RF energy need not be elaborated. 
Although the causes of many such accidents are readily traced, cases 
have been reported in which the suspected origins of the interfering 
electromagnetic radiation» defy reason. This fact, together with the al¬ 
most endless array of complex manners in which energy may be coupled 
into the EED circuitry, makes the prediction of radiation hazards to 
ordnance a difficult task. 



Electroexplosive devices, such an the squibs used extensively 
in virtually every type of aerospace vehicle are, by definition, electri¬ 
cally actuated devices which, when initiated, result in an explosive iy«-
tem.’ The most common EED is the wire bridge type, consisting of afine 
wire bridge, a primary charge, and the main charge Upon application 
of the input signal, the bridge wire heats rapidly, leading to the initiation 
of the chemical reaction in the primary charge whicli, in turn, detonates 
the main charge. Because of heat losses tn the bridge wire, the total en¬ 
ergy required for initiation is lees if applied all at once" than if applied 
over a longer period of time, allowing compensation through heat loss 
For this reason, peak values of field intensity are of primary importance 
in evaluating the potential radiation hazard of a partic ular electromag¬ 
netic environment. 

A second type of EED which has recently received a great deal 
of attention is the exploding bridge wire type, or EBW In this system, 
the main charge is actuated directly thus eliminating tne need for the 
sensitive primary charge The input signal to the EBW triggers a stand¬ 
ard capacitor discharge, usually of the order oí a thousand volts or great¬ 
er, to the terminals of the bridge wire which promptly "explodes" with 
sufficient heat intensity so as to initiate the main charge. Although these 
types of EED are relatively new and much remains to be learned of them, 
they are considered by many to maintain a better functioning reliability, 
as well as reducing somewhat the danger of premature detonation. 

Most electroexplosive devices are shielded tc prevent misfiring 
due to irradiation by undesired electromagnetic fields. Also, trigger 
coding methods are often used to reduce the radiation hazard to these de¬ 
vices. The prediction engineer is, however, still confronted with the of¬ 
ten complex problem of conducted RF energy and the multitude of paths 
which it may assume in coupling from the electromagnetic environment 
into the EED circuitry. 

4. HAZARDS TO FLAMMABU FUFU 

Any meta.lie body rnay act as an antenna for receiving or radi¬ 
ating RF energy at a specific frequency if its size is such as to make it 
resonant at that frequency. Thus, it is possible for such an object, when 
located in an electromagnetic field of the proper frequency, to develop a 
high potential with respect to ground. A situation of this nature, under 
the proper conditions, could well lead to a spark discharge between one 
metallic body and another. If such a discharge takes place in the vicini¬ 
ty of a highly flammable liquid, such as aircraft fuel, and the energy con-
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tained within the discharge is comparable to the minimum ignition energy 
of the fuel, an explosion may result. Further studies into the relation¬ 
ship between field intensity and ignition energy are necessary before any 
comprehensive conclusions can be made as to maximum safe radiation 
levels, although safe distance fables arc presently in existence* which 
denote the minimum safe separation between RF transmitters and fuels 
and fueling operations. (A power density of 5 watts/cm1 has been con¬ 
sidered by some as the maximum safe leve, in tne vicinity of volatile 
fuels. ) 

5. MEASUREMENT AND PREDICTION OF RADIATION HAZARDS 

The susceptibility of both personnel and ordnance to high inten¬ 
sity electromagnetic fields, and the adverse effects brought about by 
prolonged exposure to these fields, have been discussed .n the previous 
sections. Attention is now diverted to methods whereby the existence of 
a hazardous electronic environment may Le predicted sc that steps 
toward its suppression may be taker. 

The accurate prediction of radiation hazards, as with any radio 
frequency interference situation, can become a formidable task, even in 
the seemingly straight-forward cases The problem of calculating the 
power density in the near f.cld of a transmitting antenna (which is not an 
easy matter) is. in a majority of instances, rapidly compounded by a 
multitude of possible reflection paths from surrounding huHdings or ter -
rain, or by the shieldng action of other objet ts. When several pitentially 
hazardous transmitters are operating simultaneously in close proximity 
as. for example, aboard sup, the prediction problem is further compli¬ 
cated. It would then seem that the quickest and safest method of approach¬ 
ing the problem lies with actual measurements. However, while measure¬ 
ments should be undertaken whenever a RAD HA7. situation is suspected, 
they should be accomplished with thought toward the evolution of reliable 
theoretical prediction techniques thus aiding in the prevention of hazards 
through systems planning and design 

The measurement of radiation hazard to personnel or flammable 
fuels is basically one of power density over a broad band of frequencies. 
In some cases, it may be desired merely to check one or two areas for 
potential hazards, while in other situations, it may be desired to "map” 
the power density over an entire facility or installation As an example 
of the former situation, it is often desirable, when installing a new ra¬ 
dar in close proximity to existing operational radars, to determine the 
power densities at various elevations on the proposed antenna tower with 
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regard to the safety of construction workers The resuMs of such tests 
may indicate the need for sector blanking oí present equipments to pre¬ 
vent irradiation of potential! y hazardous areas. In any event, the 
RAD HAZ measurement technique must be both rapid and accurate, since 
consideration must be given the safety of -c-rsonnel performing the 
measurements. 

The determination of radiatiun hazards to electroexplosive de¬ 
vices is somewhat more complicated than merely performing field inten¬ 
sity or power density measurements. A multitude of paths, both radiated 
ar.d conducted, exist whereby energy from an externa! e.ectromagnetic 
field may fine its way to the EED circuitry Thus, if any useful results 
are to be obtained from the tests, rhe device should be installed in the 
missile or aerospace vehicle under fully operational conditions save for 
the final arming of the device itself. flu measurement then consists of 
establishing a known electromagnetic enviionment to which the missile is 
subjected, and then measuring the resulting energy in the EED bridge 
wire. The tests rnujt be repeated over a broad range of frequencies and 
for a large number cf devices usually present in the more complex aero¬ 
space vehicle. An alternate method makes use of the reciprocity theorem. 
i. c. . a known source is applied at the LED terminals ar.d the external 
fields determined. 

Because of the complexities touched on above, prediction of ra¬ 
diation hazard is not easily standardized. Each situation, in general, 
involves a new set ol variables demanding a new approach. However, 
several calculations prove mvaluaule it HA!) HAZ. predictions some of 
wlich are included below. 

5 1 CALCULATION OF POWER DENSITY IN THE FRESNEL REGION 

Because of the power densities involved, the minimum safe dis¬ 
tances for many high power radars employing aperture type antennas oc¬ 
cur in the Fresnel Regions Thus, the < ah Nation of Fresnel Region 
power density becomes an extremely useful tool in the prediction of ra¬ 
diation hazard. 

The energy radiated from aperture tync anteanas is confined es¬ 
sentially to three regions: 

a. Near Zone Region — Th », region include* points in the 
immediate vicinity of the aperture. In general, any mathematical rcpre-
scntat.on of the fields in the near zone becomes far too complicated for 
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practical use, and since this sone extends only a few wavelengths from 
the aperture, it will be neglected here. 

b. Fresnel Region - The fields of the Fresnel Region, to 
which our attention is restricted here, are substantially confined within 
a cylindrical pattern. A common.v accepted limit for this region is 
taken tn he 

R, = ~ (6-1) 

C. Fraunhofer Region - The Radiation in the Fraunhofer, or 
far field, region is essentially confined within a conical pattern, the power 
density falling off inversely with the square of the distance from the aper¬ 
ture. The region of transition Iron the Fresnel Region to the far field may 
be quite broad, such that the formula given in Equation (6-1) above for the 
boundary between the two is at best a rough approximation. 

Two types of aperture will be discussed, the circular aperture 
and the rectangular aperture. 

a. Circular Aperture 

Figure 6-1 illustrate« the geometry to be considered in 
calculating the Fresnel Region fields « 

1 1 -

\ a j 

y d

Figure 6-1. Geometry for Calculating 
Circular A 

The differential electri 

dEp = Eo j 
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>f a circular aperture. 

- E

liameter of aperture is 2a 

! the Fresnel Region Fields of a 
iperture 

c field at point "p"is given by 

F (0) dA (6-Z) 



where: E - maximum field intensity at the aperture 

X » wavelength 
F(p) = function describing the field distribution over 

the aperture surface 
dA s elemental aperture area 

In po ar coordinates. 

^[r’+P*] (6-3) 

If we assume R>>0. we n ry replace this by the 
approximation 

' ~ R ' (6-4) 

Then the differential field becomes 

cE (6-5) P a K 

Notice that insofar as the amplitude is concerned, r may be replaced 
by R, but that the a must be retained in the exponent to account for phase 
distribution. 

The t«tal field at point "p is found by integrating the 
above expression over the entire aperture, 

iFr 2R 

(6-6) 

,'C-ZH 

-jBp’/2R . .. vd ode 
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If we now as»u~^ «n-form illanimation of the aperture. 
F(d) = I and Equation (6-61 redu<*«»» tn 

_ .... -ji(H + a’/IR) /(■*" } 
Ep * JZL„ * ,1Vr/ 

The absolute value 

where: A = w a? = aperture area. 

Assuming plane waves, the power density at point "p” 
becomes 

f I’ ,E ’ / A \ 
P 1 \2XR/ 

where: T » the intrinsic mpedance of the medium. 

The term E */T represents the power density at the aperture, or 

where: P = the total power radiated. 

Substituting into Equation (6-R) gives 
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Figure 6-2 is a plot oí Equation (6-10). The locus of the 
maxima is 

W 
—= 4 = 6 db 

o 

4P 
“r Wp* 4Wo'— «-'» 

where. P is total power radiated, Wo is power density at the aperture, Wp 
ia power density at point "p" in Fresnel region, and A is aperture area. 

Equation (6-11) then gives the maximum power density in the Fresnel 
region in terms of the total radiated power and the aperture area. Notice 
that this equation is ndependent of distance, R, the result of the essen¬ 
tially cylindrical pattern It should be acted that the derivations thus far 
have assumed free-space transmission, ground reflections could double 
the electric field or quadruple the power density. Thus, a more pessi¬ 
mistic result (always to be used where radiation hazards are concerned) 

Figure 6-2. Power Density vs Distance for Uniformly Illuminated Round 
Aperture 
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Although uniform illumination of the aperture has been as¬ 
sumed, Equation (6-1 1) is lound to conform well when linear or square 
law taper of the field distribution is used. 

b. Rectangular Aperture 

Figure 6-3 shows the geometry of the rectangular aperture 
By methods similar to those used for the circular aperture, the Fresnel 
region fields may be shown to be 

fb F(M vl .-j*7zR -jBy*/2R 
p »R J J 

o o 

X 

h---

^-^b 

Figure 6-3. Geometry for Calculating the Fr 
Rectangular Apert 

Again, assuming uniform illumination (F(x,y) 3 
reduces to 

The integrals in Equation (6-1 M are of the form 

cenel Region Fields of a 
ur e 

1), the above equation 

r r b 1 
J e-JBy72R dy (6-131 
1 o J

, • 
(1 -a + ..) d 
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U we may now make the anumptioni that 

corresponding to the c onditions 

these integrals, when all but the first term in the series is neglected, 
reduce to a and b respectively, the dimensions of the aperture Thue, 
the approximate Fresnel region field of the rectangular aperture for 
uniïorm illumination rs 

where A « ab = area of the aperture The absolute value 
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Thin equation may he expressed in term» of the total radiated power P as 

AP 

or, asauming 1 00% ground reflection, 

5.2 EED CIRCUITRY AS AN ANTENNa 

(6-’ 5) 

Under optimum conditions the firing circuitry of an EED may 
act an a thin linear antenna capable at receiving HF energy and conduct¬ 
ing it to the bridge wire. If the impinging electromagnetic field is suf¬ 
ficiently strong, and the device is poorly shielded, enough energy may 
be induced in the squib circuitry to cause detonation It i«. therefore, 
often useful to treat the bridge wire leads as a linear antenna and deter¬ 
mine the induced voltage under the assumption of ideal conditions. In an 
actual situation, severe impedance mismatches at RF frequencies and 
the shielding effect of the missile in which the EED is mounted, serve to 
render the results of such a calculation «quite pessimistic in a majority of 
cases. When, however, more is known about the individual case under 
study, these effects can be accounted for in arriving at a more realistic 
result. 

Figure 6-4 EI D Circuitry Acting as an Antenna 
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Consider the configuration shown in Figure 6-4 with the FED 
bridge wire lead normal to a large conducting ground p.ane and with the 
incident electric field parallel to it. 

The bridge wire lead acts as a thin linear antenna The open 
circuit voltage induced at the bridge wire terminals is 

where J- length of bridge wire lead The equivalent < ir» uit Í r the con¬ 
figuration is shown in Figure 6-5 

Figure 6-5. The equivalent Circuit for the C onf-guration 
Shown in Fig in e 6-4 

where = antenna impedance 

The current flowing in th*- bridr.r .vire is 

V 
i - s E~¿ 

' Z + R Z + R 
ab ab 

where R* = bridge wire resistance. The maximum safe field strength 
E _ may be found by letting the bridge wire current equal the maximum 

"no-fire” value. I Thus 
nf 

1 
E = —~ (Z + R. ) (6-16) max JL a b 

The maximum allowable power density at the EED circuitry is (assuming 
plane waves) 

I E Ia
V- - ma» I 
max 2 On 
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where 120" = impedance of free tipace Then from Equation (6- ' 6). 

w - —1— I —SÍ- (Z ♦ R ) I (6-17) max 20™ I J a o’ 

Ae an example, a uh urn. the h.idge wire lead to be a quarter 
wavelength long Then 

/ - 36. 5 ♦ j2 1 ohms 

Typical value* of no-fire current and bridge wire resistance are 

I , - lamp nf 

K, ~ 1 ohm 

Inserting these values into Equation (6-17) gives 

... ’ Tz^-1 («•■>* Ki>ohm.I' 

where X is in centimeters. At a frequency of 1000 me, X - 30 cm and the 
critical power density becomes approximately 

It is noted that the critical power density decreases inversely 
with the square of the wavelength. Thus, at 500 me, W is only 
22 mwatts /cm3, while st 250 me, corresponding to a wavefength of 
120 cm or a lead length of 30 cm, only about 5 mwatts/cm3 of power is 
required to produce a hazardous situation. (The above values assume no 
shielding effects which, in a practical situation, will substantially in¬ 
crease the amount of energy necessary to cause detonation. ) 

The above discussion outlines only one method whereby RF en¬ 
ergy may be transmitted to the bridge wire circuitry of an electro-
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explosive device. Inductive or capacitive coupling from active circuits 
in close proximity to the squib leads, or the conduction of surface currents 
induced in the mutile skin itself, represent other possibilities. At cer¬ 
tain frequencies, cables and wires protruding from the missile in which 
the device is mounted, may act as resonant antennas capable of coupling 
energy into the EE^ circuitry Similarly, open vents or ports rnay ap¬ 
pear as aperture antennas at the correct frequencies. To discuss, or 
even to foresee, the multitude of phenomena associated with the predic¬ 
tion of radiation hazards to ordnance devices is a formidable task. Al¬ 
though much of the related material mentioned above may be found else¬ 
where within these volumes in connection with other RFI considerations, 
the complexity of the problem forces the analysis of each individual situ¬ 
ation as it arises, rather than permitting a standardized prediction pro¬ 
cedure. 

6. IN5TVUMINTATION CONSIDDLATFONS 

6. I RF POWER DENSITY METER FOR DETERMINATION OF HAZARDS 
TO PERSONNEL 

From the foregoing brief discussion, in which the various pa¬ 
rameters of interest from a RAD HAZ standpoint have been outlined, it 
is possible to determine the desired test equipment characteristics for 
their measurement. Abstracting from Reference 5, the following fea¬ 
tures define a power meter capable of meeting the requirements for 
quickly determining radiation hazards to personnel. 

a. The equipment should be battery operated and highly 
portable. 

h The equipment should give direct reading of time average 
power density in milliwatts per cm’, with a minimum of 
calibration per reading 

c. The basic unit should be broadband (2C3 me to 10 kmc) 

d. Sufficient dynamic range should lie available for measure¬ 
ments of power densities substantially above and below the 
10 mwatt/cm’ value. 

e Accuracies within one or two db should be achieved (the 
unit should be shielded for increased accuracy). 

One such instrument meeting these spec ificatione has been de¬ 
signed by Knapp and Lambdir.. r' The basic instrument is a balanced bridge 
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type with temperature compensation to minimise drift due to changes in 
ambient temperature. A dynamic range of from U. I mwatt/cm® to ¿000 
mwaft/cm’ is afforded. Tu achieve direct reading of power density, the 
effective area of the probe, including cable losses, is maintained at a 
constant one cm throughout the frequency range of 200 me to 10 kmc. 

In the 200-800 me range a tuned half-wave dipole is used as the 
probe. Because the effective area of thia antenna is much greater than 
the desired one cm’, variable attenuation is obtained by inserting a sec¬ 
tion of two-inch cylindrical waveguide into the line. This waveguide, 
being below cutoff, provide* an attenuation of approximately I db per |/1 6 
inch. The position of the pickup loop in the waveguide is variable relative 
to the insertion loop and is calibrated so that it may be adjusted for the 
correct attenuation (about 35 db is necessary at 200 me) prior to meas¬ 
urement 

Two conical horns are employed in the frequency range above 
800 me (800-4000 me and 4000-I 0, 000 me ). The desired effective area of 
I cm is obtained by varying the position of the coaxial pickup within the 
horn Calibration curves are supplied with the equipment to insure 
proper settings. 

6 2 INSTRUMENTATION FOR MEASUREMENT OF HAZARD TO 
ORDNANCE 

Because peak values of field intensity are of concern in the de¬ 
termination of potential hazards to electrocxplosivc devices, the average 
reading power meter described in Section 5. 1 finde limited use in this 
application. Also, in many instances, the electromagnetic fields of in¬ 
terest are of sufficiently low level su as to necessitate the sacrifice of 
broadband characteristics for greatly increased sensitivity. These needs, 
therefore, dictate the use of a heterodyne type field intensity meter as 
one of the basic inst rumcntation requirements The frequency range to 
be considered extends from about 2C0 kc . below which the physical di-
mension* of the ordnance gcvh e or vehicle in which it is mounted become 
negligibly small Compared to the wavelength, to 10 kmc. above which, at 
the present time, the power capabilities of c ornmunicaliens-electrontcs 
equipments are small. Since a large number of satisfactory meters are 
available and their c ha rac tenstic s well known, they wil’ not be discussed 
Íurther here. 

The amount of energy coupled into the ELD circuitry from an 
externa, field is often difficult to measure The parameter of prime im-
Pl rtance is the < urrent n the bridge wire, but because of the low bridge 
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wire resistance (usually in the order of one ohm) and the stray capaci¬ 
tance and inductance found at high RF frequencies, great care must be 
exercised tn insure that the electrical properties of the EED are not ap¬ 
preciably altered by the measurement device 

Although the "all-fire" condition of the electroexplosive device 
is ordinarily expressed in terms of the bridge wire current, the amount 
of heat generated ultimately determines the point of detonation. Thus, 
one possible measurement technique involves the use of heat sensing 
elements such as thermocouples or thermistors. In addition to almost 
complete isolation from the EED circuitry, these sensors offer the addi¬ 
tional features of broadband capability, small size to allow easy access, 
and relative insensitivity to electromagnetic radiation. 
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SPECTRUM SIGNATURE 

MEASUREMENT TECHNIQUES 

1. INTRODUCTION 

CHAPTER 7 

In order to make accurate prediction» of communie ation - elect ronic 
system compatibility, it is necessary to know the radio frequency charac¬ 
teristics of transmitters, receivers, antennas, and other parts of the sys¬ 
tem. This material is frequently referred to as spectrum signature 
data. 

The importance oí planning communication-electronic system 
compatibility has been widely recognized and, in 1960, the Department 
of Defense established a Radio Frequency Compatibility Prog ram ( R FC P) 
to insure to the maximum practicable extent that military electronic 
systems will not suffer degradation due to the effects of mutual interfer¬ 
ence.' To centralize the DOD analysis activities under the plan, the DOD 
Electronic Compatibility Analysis Center (ECAC) was established with 
the U. S. Air Force acting as executive agent for the Department oí De¬ 
fense. A Military Collection Plan for Spectrum Signatures was estab¬ 
lished to provide data for the RFCP and the ECAC. 

The Collection Plan for Spectrum Signatures deiines a spectrum 
signature as ' the package of data which describes the electromagnetic 
radiating and receiv ng characteristics of equipment." Spectrum signa¬ 
ture measurements, therefore, must include ail RF radiating and re¬ 
ceiving characteristics of an equipment. The radiating and receiving 
characteristics can be estimated fairly well. However, as with other 
design parameters such as reliability, maintainability, and human en¬ 
gineering, actual da’a must be obtained under operating conditions if 
the true character! j'h r of the equipment are to be known 

It is frequently found, in fact, that the radiating and receiving 
characteristics under operating conditions may differ 
acteristics in one oí two ways. 

from design char-

a. The quantitative amount of some of the characteristics may 
differ e. g. . the power output at the second harmonic might be an actual 
INO watts by measurement instead of SO watts as estimated. 

b. It ma.- be found that some undesirable characteristics 

7-1 



exist which were njt considered in the des-g-i, r. g . by measurement 

50Ü watts might be found to be radiated at a non-harmomc spurious fre¬ 
quency. 

Only by taking the actual spectrum signature can any assurance 
be hud as to the true op«-r.v mg characteristic » of an equipment. Although 
spectrum signature programs arc relatively new, it is expected that they 
will provide empirical data upon which may be based general procedures 

for future performance prediction that is mure closely related to actual 

equipment performance than previously. 

In order to standardize spectrum signature requirements, the 
DOD Spectrum Signature Collection Plan sets forth the method of ob¬ 
taining the signatures and establishes specific requirements such as 
number of points for antenna pattern data, dynamic range of measure¬ 
ments. accuracy of frequency measurements, and format for data. Such 
standardization is essential since the large quantities of data make nec¬ 
essary the manipulation of data by standardized manual procedures or 
by computers. 

For example, the SSC Plan specifies, in Section 1.2. that 
Standard Test Frequencies are ' that group of frequencies to which trans¬ 

mitters or receivers are tuned during the test procedure. Three such 

frequencies exist in each equipment tuning band located at approximately 

the 5%. SOTo. and 9 5 ’S points in each band. 

Spurious Emissions arc defined a» emissions on a frequency 

or frequencies which are outside the necessary bandwidth, and the levei 

of which may be reduced without affecting the corresponding transmission 
of intelligence. Spurious emissions include* harmonics. parasitic emis¬ 
sions. arid intermodulation products, but exclude unnecessary modulation 
sidebands of the fundamental frequency. " 

Other specifications include antenr.a "far-fieid distance" as being 
at least D 2, '(where D is the largest linear dimension of the antenna) but 
not less than 3» frequency accuracy as I part .n lOUU and antenna pattern 
dynamic ranges of 60 <ib at the fundamental and 4C db at otner frequencies. 

Antenna patterns must be obtained at the midbar.d transmitter standard 
test frequency and an its nar monies up to 1Z kmc. 

The present DOD Spectrum Signature requirements. aithougn 
tn. re standardized than previously, are but an initial attempt at solution 
of the spectrum s ¿nature collection problem, f uture revisions of the 

p.an w.ll probably include requirements for information which takes into 

account anti-jamming teatarc:.. MTI mudes cf operation, range gates. 



and similar features. 

In addition to the spectrum signature requirements as called 
out by the Spectrum Signature Collection Plan, other similar require¬ 
ments are contained in Military Specifications such as MIL-I-26600, 
MIL-!- 169 10. and MIL-1-61H I. These specification« spell out, inde-
tail, the measurement techniques, instruments, and data required to 
determine R FT compatibility. These specifications are discussed in 
Volume IV of this Handbook and copies of the specifications are included 
as Appendices in Volume IV. 

In this chapter, a brief discussion is presented of the techniques, 
equipments, calibration, theory, and environmental considerations appli¬ 
cable in performing spectrum signature measurements on a complete 
radar system, followed by a discussion of the same factors as they apply 
to the subsystem. The operations involved in the performance of a typi¬ 
cal task are brief. y discussed. In addition, a portion of the section is 
devoted to a discussion on the theoretical and practical problems that 
may be encountered in obtaining spectrum signature». 

; 1 measurement techniques 

In a typica plan for obtaining spectrum signatures, requirements 
are often stated which necessitate consideration of special techniques to 
comply with the stated objectives. These techniques, including alternate 
procedures, are developed in the following sections. The problems and 
theory associated with the measurements include impedance matching 
considerations, existence of numerous TE and TM modes at higher fre¬ 
quencies other than at the fundamental tuning band, site consideration, 
power and sensitivity requirements oí the test equipment; and similar 
factors. These are discussed, as applicable, under the receiver, trans¬ 
mitter. and antenna measurement sections. 

1.2 MEASURING AND TEST EQUIPMENTS 

In the stKTceedmg sections the particular test equipments and 
interconnections necessary to conduct the field measurements for each 
of the subsystems tests are described relative to the test procedures, for 
receivers, transmitters, and antennas. The data formats also provide 
for sketches to be made by test personnel document.ng the exact configu¬ 
ration of the test equipment cables, couplers, attenuators, and other 
items. Thus, results can be compared to calibration charts and charac¬ 
teristics preparei prior tc field tests. 
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1.3 CALIBRATION TECHNIQUES 

All signal generators. field intensity meters. and other meas¬ 
uring equipment utilized must be calibrated in accordance with standard 
and accepted procedures. Ail antennas, cables, attenuators, couplers, 
waveguides, etc. , used in conjunction with these equipments must also 
be calibrated. Calibration charts displaying attenuation losses as a func¬ 
tion of frequency must be obtained for each component employed in the 
measurement program. Frequency meters used must have accuracies 
ci better than ore part in a million to meet many of the required accura¬ 
cies. A continuous maintenance and calibration procedure assures that 
the accuracy of measurements will be uniform throughout the program 

1.4 ENVIRONMENTAL DATA 

Ln addition to the spectrum signature characteristics, it may also 
be necessary to determine the environmental conditions associated with 
the measurements. I wu types of envi ronmental data are important the 
ambient s.gr.ai level where the measurements are to be made, and the 
identification of objects in rhe measurement area. The following is a brief 
discussion on the acquisition of this data. 

.4.1 AMBIENT SIGNAL LEVEL 

To accompl.sh controlled measurements, it is first necessary to 
identify the ambient s.gr.ai levels prevailing in the measurement area to 
permit identification of results with the equipment under test and net some 
other equipment located in the area. Th'S :• done prior to the perform¬ 
ance of spectrum signature measurements. The search must be made at 
selected hours cl the day or night to cover desired traffic densities. The 
information in then collected and recorded in the field on a typical spec¬ 
trum search data sheet. (See Chapter VIII for detailed information on 
spectrum search techniques.) 

1.4.2 PHYSICAL ENVIRONMENTS 

In addition to the ambient signa, data needed to establish signal 
density levels over the spectrum IU kc to 12 gc. the surrounding terrain, 
buildings, or more important. the physical factors of an area such as 
distances between equipments, altitude above mean sea level (MSL). 
antenna heights, etc. , may be required. F igures 7-1 through 7-4 are 
examples of a plan view of a typical site, profile showing propagation 
paths and distance, census of installations ex.sting within radio line-of-
sight (RLOS) of a radar, and propagation profile between radars. 
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> igure 7-2. Profile Showing Propagation Path Between the Three Radars 
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1. TRANSMITTER MEASUREMENTS 

A transmitter ie a system specifically deaigrwd to generate and 
emit radio frequency energy. It >a deaired that the system emit only 
those frequencies in a necessary bandwidth. Necessary bandwidth is 
defined as that mini-num bandwidth ne> >s try to sufficiently insure the 
transmission of intelligence at the rate and with the quality required for 
the system employed. Since most transmitters generate frequencies 
outside of their necessary bandwidths, it ,» important to establish the 
mutual interference capabilities of these out-of-band emissions. 

The specifications on uniform measurement techniques require 
the following measu -ementa to be performed on al. pu. sed radar trans¬ 
mitters 

Power Output 
Spurious Emission 
Emission Spectra 
Modulation Characteristics 
Carrier Frequency Stability 

A transmitter identification format is shown :n figure 7-5. 

Since an absolute system oí measurement is used in these trans -
mitter tests, the uniform unit for pewer in dbm and ah power ratios 
and/or transfer functions are reported in db. During the tests, the 
transmitter power output is monitored and the variations recorded. 

The above five tests should be performed under conditions of 
minimum and maximum duty cycle at each standard test frequency. The 
same tests are perfermed wjth the mean duty cycle at the center standard 
test frequency of the tuning band. 

A detailed discussion is presented of the open field method for 
the performance of direct power density measurement.« in the far field 

2.1 POWER OUTFIT 

2. I. 1 GENERAL 

In an ideal pulse transmission, a major portion of the emitted 
energy is contained in the necessary bandwidth. A reference for the 
power monitor tests is established by making a fundamental power meas 
urement in the transmission line. 
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TRANSMITI ER IDENTIFICATION FORMAT 

PULSED. W ANTENNA 

!. Equipment Nomenclature 

Frequency Band Initial me. Final_me. 

J Source: ____ ___ ___ 

4 h un ' _ _ _ • 

S Other Operation Characteristics_• 

fe. Emission Type and Bandwidth__ ■ 

7. Pulse Repetition Rate _ pps. Pulse Widths 

H Power Nomina! Peal* Nominal Average_ kw. 

9 Main Antenna Bearrwidl1’ Vertical___¿ Horizontal_. 

10 Polarization_. Normal Scan _. 

II. Remarks____ 

Observe r 

Iransnuiter Identification Format 

Pulsed, W/Antenna 
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The signal sampling device is generally supplied with radar 
transmitters. A response curve as a function of frequency shall be 
tc tl db at each measurement frequency. 

The fundamental power output is measured at all three standard 
test frequencies in each tuning band. Peak and average power measure¬ 
ments are made at all test frequencies and their appropriate duty cycles. 
The duty cycle will be measured in each case. 

2 1.2 MEASUREMENT SETUP 

The setup fur the radar transmitter power output measurement 
is shown in block diagram form in Figure 7-6. 

The field measuring equipments arc placed in a screened area 
or in areas sufficiently free from interference and reflections. Because 
of the high level signal from the s.gnal sampling network, the variable 
attenuator is placed outside the screen room area to decrease possible 
interference to test equipment. 

The coaxial cabling from the sampling network <o and from the 
variable attenuator to the coaxial switch is as short as possible and ade¬ 
quately shielded to minimize unwanted pickup from the high power trans¬ 
mitter signals. The variable attenuator is substantially shielded such 
that little or no interference is coupled into the test equipment. 

The calibrated oscilloscope is used for accurate time informa¬ 
tion on the various duty cycles. 

The frequency meter, or counter. is connected to the output of 
the signal generator only when takir i frequency measurement for the 
required accuracies after each power measurement. 

2.1.3 MEASUREMENT PROCEDURE 

a. The test equipment and the radar are allowed sutficient 
time for warmup. The radar transmitter is turned on and tuned to the 
medium standard test frequency ( < > in the tuning band at the mean duty 
cycle according to operational manm. instructions for «ptimum efficiency. 

b. Read.ng the peak function, the frequency ■ selective volt¬ 
meter is tuned to the transmitter-output frequency with the coaxial switch 
in position No. 1. At the tuned frequerr. v a maximum reading at mid-
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Figure 7 -b. Transmuter Power Output Measurement Setup 
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»cale i» obtained by adjusting the variable attenuator and/or the lield-
intensity-meter controls. 

c. The coaxial switch i» turned to position No. i, and with 
the field-intensity-meter controls at the same positions. the signal gen¬ 
erator frequency control is tuned for a maximum CW signal indication on 
the meter. The output attenuator control on the signai generator is ad¬ 
justed for the same mid-scale reading obtained for the transmitter output. 

d. The frequency meter, or counter, is inserted at the output 
of the signal generator to determine the exact tuned frequency with the 
required accuracy. 

e The "gna. generator output level in dbm plus the sum of 
insertion losses in db at the test (requeicy for the signal sampling net-
werk. the coaxial cabling, the van .bl< attenuator, and the coaxial switch 
are recorded as the power output in dbm at the standard test frequency. 

f. The above five steps are repeated for the remaining two 
standard test frequencies in the band (L% and 95%) and the minimum and 
maximum duty cycle. The whole procedure is repeated for each applica¬ 
ble tuning band. 1 he data obtained :s recorded on a da’a form such as 
shown in Figure 7-7. 

2.2 SPURIOUS EMISSIONS 

2. 2. 1 GENERAL 

The purpose of the spurious emission test is to scan the spec¬ 
trum and to measure and record al bpuriuus outputs of the transmitter 
under test. Since this example is a pulsed radar transmitter, the 
measurements are made in the far field. The advantage of making the 
measurements in the far field are that the absolute fundamental and 
spurious densities can be determined directly, and the possible problem 
created by the existence of more thin one mode of propagation in the 
line that feeds the antenna is overcome. 

However, there are distinct disadvantages that should be men¬ 
tioned also. First, the emission frequencies have to be located and the 
teat and radar antennas positioned for maximum interception. Gener¬ 
ally. this may be accomplished by maximising signal strength received 
with respect to the radar antenna azimuth and elevation The measure¬ 
ment must be referenced to the radar antenna azimuth and elevation at 
the fundamental and at each spurious frequency. Secondly, the maximum 
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field strength at a g.\en distance w ti, vary with the lot al ion at the site 
(i.e. . reflection of energy for objects) Depending upon the desired 
result«, tne measurements may be made at a number of locations at the 
site, or attempts may be made to reduce the effects of reflections. One 
method that may be used to reduce the effects of reflec tions in most 
cases is to elevate a pickup antenna to a position such that when the 
signal strength is ma<imized. the foreground is not appreciably illumi¬ 
nated by the radar amenna. 

Another disadvantage to the open-field technique is that it re¬ 
quires very accurate calibration of certain components since an absolute 
measurement is specified. Calibrated pickup antennas cab.ing and fil¬ 
ters. and attenuators where applicable, must be used such that the 
power level mrasurec may be accurately related to field strength at the 
pickup antenna aperture. The calibration problem is decreased by using 
the signal substitution method with a calibrated signal generator through 
a portion of the same signal path as the unknown signal. 

The high pul »e power at the tuned frequency necessitates some 
rejection of that frequency when harmonies or spurious emissions are 
being measured. The rejection will be provided by a low' pass filter at 
frequencies below the tuned frequency. At frequencies above the tuned 
frequency, several different antennas arc used, and a length of wave¬ 
guide between the test antenna and the receiver will provide adequate 
rejection below the cutoff frequency. fc. of the waveguide. The loss in 
db, L. at a frequency, f. below the cutoff frequency. fc. and for a 
ength. d. of waveguiae .o given by the following equation: 

where; x cutoff wavelength of the waveguide. Note d and Ac are 
in the same dimensions. 

The frequency-selective voltmeter and r«' eivmg •/stern used should 
have a calibrated sensitivity greater than: 

a. -90 dbm m? at frequencies below 300 me 
b. -60 dbm, rn9 abov< 300 te 1000 me 
c. -70 dbm/n/above I «»30 to .10 CO me 
d. -60 dbm ■ m9 above 3C -u t o 1C. 000 me 
e. - f>0 dbrn hi above 10, 00 m. 
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The power density, P<jn. at a distance, d, from the transmitting 
antenna and at the frequency, in. rna.y be written as 

P, (d >> an (7-2) 

where: P tn 
C 

n 

the transmitted power at the frequency, f . 

the transmitter gain at the frequency, f . 

The distance, d. will be known ind the antenna gain is obtained from the 
antenna characteristics, thus the actual transmitted power at a given 
frequency can be determined. 

A typical L-Band radar transmitter spectral signature, meas¬ 
ured by this contractor in the field, is shown in Figure 7-8. 

2.2.2 MEASUREMENT SETUP 

The setup for the radar transmitter to be used for open-field 
spurious emission measurements is shown in block diagram form in 
Figure 7-9. 

The test antennae are placed at a known distance in the far 
field of the test transmitter fundamental frequency. The far field dis¬ 
tance is approximately D*/' f and the separation between test antenna 
and transmitting antenna is at least ÎXf where D is the maximum dimen¬ 
sion on the largest antenna aperture and 'f is the wavelength of the 
fundamental test frequency. 

The field measuring e civ pment is placed in the screened area 
or in areas sufficiently free from interference to decrease the effects 
of undesired pickup due to radial er >1 equipment. 

Each test antenna should have coaxial cabling, a coupling net¬ 
work. attenuators and waveguide, plus necessary shielding for detection 
of spurious responses in certain frequency ranges. Each antenna and 
its accessories to the coaxial switch should have a calibrated frequency 
response curve such that the absolute field strength ran hr determined 
from the signal substitution measurement on the field-intensity meter. 

The power monitoring equipment is connected to the signal sam¬ 
pling network in the transmission line at the radar site and variations in 
the lundamental power are recorded during spurious emission tests. 
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The frequency meter, or counter, is connected to the output of 
the signal generator only when taking a frequency measurement of the 
required accuracy at each spurious emission detected, and then discon¬ 
nected for the power level measurement. 

2.2.3 MEASUREMENT PROCEDURE 

a. The radar transmitter is turned on and tuned to one oí 
the standard test frequencies in the tuning band. It should already be 
tuned to the 5%. 50%, or 95% standard frequency from the previous power 
output test. Again, the tuning is done according to operational manual 
instructions for optimum efficiency. 

b. The coaxial switch is turned to position No. I with the 
fundamental frequency rejection network bypassed. The field-intensity 
meter is tuned to the standard test frequency of the radar transmitter. 
In case the pickup antenna is in a null of the transmitter antenna pattern, 
the antenna position may be adjusted as stated below. 

c. The transmitter and test antennas are oriented in the fol¬ 
lowing sequence: 

( 1) If the radar system is a scanning type, the radar 
antenna is positioned eu.h that the maximum radiated energy is as close 
to the geometric axis of the test antenna as is practical. 

(2) If the transmitter antenna has both azimuth and ele¬ 
vation control, it is positioned such that maximum signal is received at 
each spurious frequency. If the transmitter antenna cannot be controlled 
m either azimuth or elevation, the test antenna is positioned for the maxi -
mum signal at each spurious frequency. 

( 3) At each detected spurious emission, the test antenna 
is rotated in polarization for the maximum signal. Roth radar antenna 
.»nd test antenna positioning Information is rec rdec for analysis. 

d. T-e variable attenuator and frequency-selective voltmeter 
attenuation controls are adjusted for the max.mum reading at mid-scale 
on the test receiver. The coaxial switch .» turned to position Nu. 2, and 
the signal generator frequency control is tune«! for maximum on the field-
intensity meter. "1 he s.gral generator output attenuator control is ad¬ 
justed to give the same mid-sea.e reading obtained for the transmitter 
signa). 



The frequency meter is inserted at the output oí the signai 
generator to determine the frequency with the required accuracy for the 
signal being measured. 

The signal generator output level in dbm, plus the sum of 
the insertion losses in db at the signal frequency for the coupling network, 
variable attenuator and associated cabling, minus the test antenna gain 
are recorded as the power level at the antenna aperture. The power den¬ 
sity of this signal is determined in accordance with the procedures of the 
field-intensity meter instruction manual, and recorded with the antenna 
positioning information and frequency. 

g. With the fundamental frequency rejection network (wave¬ 
guide or filter) selected to pass certain frequencies and reject the funda¬ 
mental, the above six steps are repeated by tuning through the spectrum 
to find all spurious responses. Care is taken that spurious emission 
responses will not be due to the test equipment. Only transmitter spu¬ 
rious output and antenna position are recorded. Other responses are 
d; scarded. 

h. The above seven steps are repeated for the remaining two 
standard test frequencies in the band. If applicable, the whole procedure 
is repeated again fur the standard test frequencies in each of the remain¬ 
ing tuning bands. All of the tests are performed under conditions of mini¬ 
mum and maximum duty cycle at each standard test frequency. The power 
density data obtained is recorded in dbm/m' as a function of response 
frequency on a data form similar to that shown in Figure 7-10. 

2.3 EMISSION SPECTRA 

2. 3. I GENERAL 

A large amount of interference information on a specific radar 
transmitter is obtained from a spectral anaiys.s ..f the transmitter's 
power output. A radar transmitter is modulated bv short, high powered 
pulses normally at some constant pulse width and pulse repetition rate. 
The ideal spectrum fur a rectangular pulse has two d.stinct charactens -
tics. The first is the separat or. oetween spectral lines equal to the PR F. 
The other is the envelope of the spectra, lines wh.ch is determined by the 
pulse width. Since the carrier frequency (the standard test frequency) 
has harmonics, the spectral attribution is a fun« tion of the carrier fre 
quency. its harmonics, and other spurious «-missions. Variations in 
these parameters, suchas shifting of carrier frequency. non-rectangular 
pulse shape and any deviation ,n FRF. produces spectrum distortion fron« 
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the ideal. Figures /-II through 7-13 are typical spectral photographs of 
the fundamental, second, and third harmonics of an L-Band radar. 

The purpose of this lest is to determine the spectrum of a pulsed 
carrier. The emission spectra will be ’he power versus frequency dis¬ 
tribution about some nominal frequency. The nominal frequencies are 
the fundamental and spurious frequencies of the transmitter found in the 
previous spurious emission" test. For this reason, the two tests are 
normally run at the same time. When a spurious emission power den¬ 
sity is determined with the frequency-selective voltmeter, the voltmeter 
is disconnected, and a spectrum analyzer ie used as the receiver. 

2 3.2 MEASUREMENT SETUP 

The power \ersus frequency distr Lutiun test setup fur the spec¬ 
trum of a pulse signal io shown m bloc* diagram form in Figure 7-14. 

The wetup is the same as that hr the cprr -field spurious emis¬ 
sion test. The sequence for aligning the radar antenna and the test an 
tenna in the same as in Sect.on 2. 2. 3c( I). Since the two tests are run 
together, this a. gnu.ent .s accomplished at the same time. Again, care 
is taken not to include signa.s due to test equipment or its setup. This 
means spurious emissions of the signal generator must be suppressed 
with a low pass filler al the output uf the signal generator. 

2. 3. 3 MEASUREMENT PROCEDURE 

a. The test equipment and the radar are allowed sufficient 
time for warmup. I he radar transmitter is turned on and tuned to thr 
5%. 50%. or 95% standard frequency (whichever standard frequency is 
being used in the spurious emission test). 

b. The coaxial switch is turned to position No. 1 with the 
fundamental frequent y • rejection network bypassed. The spectrum ana¬ 
lyzer is tuned to the standard test frequency of thr radar transmitter. 
The signal coupling network, variable attenuator, and spectrum analyzer 
input attenuator are ad lusted for a convenient amplitude reference on the 
scope lace making sure no overloading distortions exist. 

c. The spectrum analyzer is fine tuned so that the nommai 
frequency appears in the mid-position of the scope face. The sweep 
width is adjusted to contain sidclobc peaks down to a -80 do level from 
the nominal frequency amplitude or to the system sensitivity equivalent 
level of -80 dbm/kc/m*. 
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d. The scope presentation is photographed to record the dis¬ 
play. ana tne scope face is calibrated and marked to adequate. y represent 
the spectra! envelope at sufficient frequency increments. 

e. The coaxial switch is turned to position No. L. and the sig 
nal generator is tuned to give a CW signal at mtd-position on the spectrum 
analyser scope lace. The output leve. is adjusted so that the peak CW is 
equivalent to the peak amplitude ol the nominal frequency on the spectrum 
envelope. This establishes the level reference ol the spurious «mimos 
power density. 

Tne signal general r is then retuned up or down in fre¬ 
quency to Che points recorded on the s ..pe face for the spectral envelope 
power level, for each frequency me .-.„.ent desired. The frequency meter 
■ a connected at each increment lot the required frequency accuracy. 

ß , apectral power density is computed and expressed in 
dbm hr tn at the distance from radar antenna to test antenna. with the 
peak fundamental power density found in the spurious emission test as 
the reference. Transmitter spectra, data can be documented in Figure 
7-1S. Each spectral display photograph should be calibrated in amplitude 
and frequency as shown in Figures 7-11 through 7-13. 

h. The above steps are repeated at all spurious em.es,ons at 
the standard lest frequencies and their associated duty cycles in all tuning 
bands. * 

2 4 MODULATION CHARACTfRISTICS 

2. 4. 1 GENERAL 

In the discussion ol spectrum distortion, it is pointed out that 
pulse width, pulse shape, pulse repot tion rate, and pulse amplitude all 
affect the spectrum. This may pl..ce more transmitter power in the side¬ 
band lobes, thus increasing the transmitters interference capabilities 
ft is the purpose of this test to display the amplitude versus time informa-
tion of the envelop« of the transmitted energy. 

2.4.2 MEASUREMENT SETUP 

The setup for the radar transmitter modulation characteristics 
measurement is shown in block diagram iorm in Figure 7-16. An oscil¬ 
loscope IS placed at the output of the second detector of the frequency-
selective voltmeter for displaying amplitude versus time characteristics. 
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Figure 7-15. Transmitter Emission Spectra Test Data Format 

7-28 



7-29 



The scope camera is used to record the oscilloscope displays. The sig¬ 
nal generator and frequency meter are not required for this test. 

2.4.3 MEASUREMENT PROCEDURE 

The modulation charact «• r i stjc measurement .s conducted at each 
spurious signal recorded, and the modulation information is taken from 
the frequency-selective voltmeter used in the spurious emission test. The 
PRF is measured at this time, but usually only at the fundamental frequen¬ 
cy. The scope trace is adjusted to permit display of the complete pulse. 
The face is calibrated and the calibration settings are recorded on the data 
sheets or on the scope face itself. The display is photographed for every 
spurious emission at all the standard test frequencies. 

2.5 CARRIER FREQUENCY STABILITY TEST 

2. 5. 1 GENERAL 

The purpose of this test is to determine the stability of the tuned 
frequency. The test should establish trends in the tuned frequency. The 
frequency measuring device has an accuracy of at least one part per mil¬ 
lion. 

2.5.2 MEASUREMENT SETUP 

The setup for the radar trammitter carrier frequency stability 
test measurement :s shown in block diagram form in Figure 7-17. The 
coupling device is the directional coupler usually supplied with the radar 
equipment, and the load is the system antenna. The sampled signal may 
have to be attenuated before connecting to the input oí the frequency meter 
or counter. 

2. 5. 3 MEASUREMENT PROCEDURE 

a. The test equipment and th- radar arc allowed sufficient 
time for warmup. The radar trans r.itter is turned on and tuned to a 
mean standard test frequency in the lowest tuning oand. 

b. After the trarsmitter has been on for 15 minutes, a fre¬ 
quency reading is taken, and thereafter up to 4 hours, frequency readings 
arc taken every I 5 minutes until i frequency trend is established. 

c. The above ’.wo steps are repeated for all tuning bands and 
ail data is recorded on the format shox-n in Figure 7-18. 
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2.6 INDIRECT APPROACH 

Two approaches may be used for the determination of transmitter 
characteristic». The discussion in the preceding sections has dealt with 
the direct or open-field approach. In this section, the techniques directly 
applicable to closed-system measurements arc discussed. The closed-
system approach consists of (I) determining the power fed to the antenna 
at the plane of reference and (?.) determining ihe gain of the antenna. 
Antenna mrasur emente are diet , -wl in Section 4. In the following para¬ 
graphs, descriptions are presented of signal sampling methods and a sig¬ 
nal substitution method for dctcrmin ng the power at the plane of reference. 
These methods are directly applicable to closed-system measurements, 
however, they will give an indication of the spurious emissions that can 
be expected when going to an open-field test. 

2.b. 1 SIGNAL SAMPLING CONCEPT 

The following cases may represent possible techniques which 
could be used if the proper requirements are rnet in a given radar system. 

If a directional coupler is built into the radar system, it may be 
possible to measure over the fiequcncy range of interest. The directional 
coupler must be of a type that provides an output upon which a frequency 
analysis car. be made, rather than one that provides an output proportional 
to total power. In addition, a directional coupler when inserted into the 
line must not establish an abnormal condition on the line at any frequency 
of interest. If these conditions can be reasonably met. then perhaps the 
use of a directional coupler w .! prmide the best measurement technique. 
However, in many measurement problems, the conditions may not be met 
in an efficient manner, and the substitution method described in the follow¬ 
ing paragraph will provide the best solution to the problems. 

2. 6. 2 SIGNAL SUBSTITUTION MEASUREMENT CONCEPT 

For the indirect method of measurement. the main problem is to 
determine the power fed to the antenna at each of several spurious fre¬ 
quencies. To identify these frequencies, antennas covering various fre¬ 
quency ranges are placed in the near field «»f the radar antenna as illus¬ 
trated in Figu. e 7-19. Once the physical setup is established, none of 
the antennas including the radar antenna wall be moved. A field-intensity 
meter connected to one of the test .antennas will yield a power level. Prn. 
at the frequency. fn. as received from, the radar transmitter. The radar 
transmitter rnay now he disconnected from its antenna and a calibrated 
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h igure 7-i9. Radar 1 ransmutter Signal Substitution 
Measurement 'lest Setup 

• ignal generator connected. The signal generator is tur.ed to the frequen¬ 
cy. fn. a"d a known power. SjN. is led tc the antenna. Generally, it will 
he necessary to use an attenuator IcllcjAing the signal generator such that 
it is loaded properly Since the poser ted to the antenra will not be accu¬ 
rately indicated unless the signal generator and antenna are properly 
atched, the VSWR should be known so that Sjn may be calculated. Care 
ust be taken to insert the signa! into the line at a point where only one 

mode ol propagation car. exist. The power level. Srn- now received 
through the same test antenna is recorded. At the frequency. fn, the 
power loss in both cases is identical and the following lelationship holds. 



PTN ’ PRN ~ STN ' SRN (7 '5)

Ptn is the actual power fed to the radar antenna from the transmitter, 
and all oí the powers in the equation are expressed in dbm. PTN >■ the 
desired parameter and may be mputed as follows 

PTN - ’ SKX 4 PRK <7 ’4)

When applicable, this is the basic substitution technique used to determine 
the power fed to the radar antenna irom th- transmitter at each particular 
frequency, fn. At all of the frequencies where emission is detected, the 
technique just described can be used. 

The high pulse power at the tuned frequency necessitates some 
rejection of that frequency when harmonics or spurious emissions are 
being measured. The rejection should be provided by a low pass filter 
at frequencies below the tuned frequency. At frequencies above the tuned 
frequency, several different antennas are used and a length of waveguide 
between the test antenna and the receiver will provide adequate rejection 
below the cutoff frequency, f . of the waveguide. The loss in db, L, at a 
frequency. Í. below the cutoff frequency, fc. and for a length, d, of 
waveguide is given by the following equation: 

where: X c - cutoff wavelength of the waveguide. Note d and X c are in 
the same dimensions. 

The measurements described will provide the spurious emission 
frequencies (and their spectral power levels) in the line to the antenna. 
The antenna gain at each of these frequencies can then be determined when 
the antenna measurements are made The actual peak envelope power 
densities and spectral power densities at the far field distance can be cal¬ 
culated. 

The measurement concept described in the preceding paragraphs 
provides an indirect means of determining the actual power fed to the an¬ 
tenna at each of the spurious frequencies. As opposed to techniques which 
insert a signal sampling device in the line, this technique allows the accom 
plishment of the measurement w tl ro disturbance to actual operating con¬ 
ditions. For th.s reason it is Qh that the technique described exhibits the 
promise of mere reliable result frr situations in which an indirect tech-
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nique may be used. However, as a general technique for use on any sys¬ 
tem. there is an important problem which must be considered. The pro¬ 
blem is the existence of more than one m.'de of propagation at some fre¬ 
quency above the design frequency in the transmission me that feeds the 
antenna. The additional modes will create an antenna pattern which is 
di.fcrent than that created with the presence ot a single mode, and the 
equation given above will not hold if the modes of propagation in the line 
are different at the antenna terminals when the signal generator is applied. 
Ah mentioned in a preceding paragraph, if the Signal is inserted at a point 
where only one mode of propagation car exist or where additional modes 
exist but are sufficiently suppressed before arriving at the antenna termi¬ 
nals. then the technique is valid. Since at a particular frequency the 
degree of coupling is dependent upon the mode of propagation, the use of 
a conventional dire« Donal couplet at a signal sampling device does not 
al.eviate this problem. The following lection describes a signal sampling 
technique for modal determination. Measurements made by the indirect 
method will provide the data which will be independent of site conditions 
and may be applied to any antenna measurements *aken at various posi¬ 
tions around tne eite. 

2.6. J SIGNAL SAMPLING TECHNIQUE (MODAL DETERMINATION) 

One of the vexing problems in the spectrum « gr.ature program is 
the various modes of propagation associated with spur;.»us response fre¬ 
quencies that are capable of being propagated in a transmission line. The 
io.lowing procedure .s one developed by Mr. Vernun G. Price of Electro¬ 
magnetic Technology Corporation. Palo Alto, Cahforn.a. 

1 he spectrum ot the transmutera specified in various specifica¬ 
tions are required to be scanned from IU kc to IÜ or 12 gc, and any spu¬ 
rious outputs are to be measured and recorded. Although open-field 
measurements are usually required, c ¡curd-system tests provide a 
desirable supplement to the open-field tests because they yield additional 
information constituting an effective check of other measurement results. 
Assuming that the radar being tested haa a low fundamental frequency, a 
complete closed-sys'em test of the system is a formidable undertaking. 
However, performing a clotted-system test on a radar operating at a 
higher fundamental frequency is entirely practicable. By confirming 
open-system tests on the one radar. such a test serves to support cor¬ 
responding measurements on the other radar. In brief a relatively 
small incremental effort will prov.de closed-system measurements which 
add substantially to the credibility of the overall measurement program. 
Closed-system tests at frequencies where multimodal propagation may 
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occur require the use of an appropriate signal sampling network which 
can respond to power in each mode in the line. A network suitable for 
that task is described below. 

a. Technical Aspects 

Any measurement of power in transmission lines must take 
into account the mode of propagation of the energv within the line. This 
fact is often lost sight of because most transmission lines propagate only 
one mode at the fundamental frequency. For example, coaxial lines com¬ 
monly employ the TEM mode, and rectangular waveguides make use of 
the TE-o mode since it is in this dominant mode that the principal wave 
in the line propagates. Spurious B gna!-», however, may be of a consid¬ 
erably higher frequency whx h • an propagate in higher order modcu. 
Therefore, a more sophisticated approach in required to measure their 
levei. Assuming the radar transmitter uses WR-1H7 waveguide, the 
following modal cutoff frequencies are obtained: 

Mode Cutoff Frequency 

T E jo 3155 me 

TEjo 6 3 10 me 

TE* 677 3 me 

TM.. - TE. j 747 1 me 

TMj, - TE>, 9255 me 

TE» q465 me 

TMj. • TE.», 11641 me 

TEv 12620 me 

Signala at the second harmonic frequency of the radar may propagate in 
as many as 10 modes, while harmonic spurious signals lying between the 
fundamental and the second harmonic may propagate in only 3 or 4 modes. 
No signals may propagate in the transmission line at frequencies much 
below 3155 me. therefore, no measurements need be made in this fre¬ 
quency range. Signals having frequencies between 3 155 me and 6310 me 
propagate in only one mode. Hen^e. their measurement is straightfor¬ 
ward, using the proposed signa sampling network. 

To obtain valid measurements of signals having frequencies above 
6310 me. it is necessary to separate and collect al! the power in each 
mode or else to carry out a properly weighed sampling. The signal sam¬ 
pling network performs this fun« '.ion. 
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Four distinctly different methods for the mrasurement of har 
monte power in transmiSHion lines have been described. Lewis has de¬ 
scribed a selective mode sampler method, Forrer and Tomiyasu have 
described an electric probe analysis method, and Price has described a 
calorimeter method. More recently, Sharp has tested a measurement 
device which samples harmonic power by means of a number of slot-
coupled secondary waveguides (forming Tee-junctions) located at appro¬ 
priate positions or. the broad and narrow walls of the mam waveguide. 

The choice of a measurement method depends upon the particular 
application and specification. In the present situation the following as¬ 
pects weigh heavily in the choice of method 

(1) Frequency Identification 

(2) Speed of Measurements 

(3) Accuracy of Measurement 

Another method called the field amplitude analysis is discussed below. 
This method, which does not identify the power in each individual mode, 
is not as accurate as the multimodal probe analysis method. However, 
it is simpler to employ and has adequate accuracy for field use. The 
recommended amplitude analysis method of measurement utilizes probes 
just as does the m iltimoial method, but no phase data is taken and the 
results can be readily interpreted. 

In the multimodal analysis method described by Forrer and 
Tomiyasu, the relative phase and power level of signals sampled at doz¬ 
ens of precisely located points 19 determined. The raw data so obtained 
is then reduced by use oí a digita' computer, programmed to perform 
numerical Fourier analyses and to invert the matrices used in solving 
the set of linear equations resulting in the analysis. This method has 
been shown to be rigorously correct in principle and give quite accu¬ 
rate results in practice. However, it is relatively difficult to apply. 

The accuracy of the recommended field amplitude analysis me¬ 
thod has been established by comparison with the results of over one 
hundred multimodal analysis tests including the second, third, and fourth 
harmonics. Assuming that the multimodal analysis method yielded per¬ 
fect results, it was found that the R5%of the power levels determined by 
the two methods agreed within ♦ 3 db and that distribution was almost 
Gaussian. Higher accuracy can be obtained if one makes use of redun¬ 
dant samples. Th s was not possible in the above comparison since only 
the minimum number of samples were used. 
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b. Design ul Signal .Sampling Network 

The general physical arrangement of the signal sample» is 
given in Figure 7-20 a» was »uggvbted and worked out by Electromagne* ic 
Technology Curpurat on. Palu Alto. California. The basic waveguide sec¬ 
tion ha» the proper dimensions to substitute directly for one of the wave¬ 
guide sections in the transmitter. Holes located precisely on the broad 
and narrow walls arc used to permit insertion of a cal.brated probe to 
sample the electric fields with the guide. Approximately ¿0 probe loca¬ 
tions are used to give the desireo accuracy. An absorptive filter of the 
leaky-wall type is provided to avoid any measurement errors which might 
be caused by reflections of spurious signais from irregularities in the 
transmission line terminating the network. 

TO RECEIVER 

• igna Samplir.,; Network 
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The signal sampling network described herein is not designed to 
operate under pressurized conditions. If it is necessary to operate the 
radar under pressure, then ar. alternate design using fixed probes in con¬ 
junction with a multiple position coaxial switch can be utilized. 

A band-reject filter is included with the sampling probe to insure 
that no fundamental-frequency power is coupled out of the transmission 
line. To obtain data, the probe is inserted at a particular location. A re¬ 
ceiver run is then made across the frequency range, and the probe is 
moved to the next position. Initial calibration of the probe section will 
be accomplished by launching test signals of known power level into the 
sampling network. These test signals will be made to have either a known 
modal characteristic or a random one by the use of special mode launch¬ 
ers. The probe will be dimensionally stable in design and fabrication so 
that only routine recalibration tests need be made. 

3. RADAR RECEIVER MEASUREMENTS 

The following are ten tvpes of receiver tests required in obta.n-
;ng a spectrum signature (a) Sensitivity, (bj Selectivity, (c) Spurious 
Response, (d) Overall Susceptibility, (e) Intermodulation. ( f) Adjacent 
Channel Interference. (g) Pulse Desensitization, (h) CW Desens itizaticn, 
(i) Dynamic Range, and (j) Oscillator Radiation. 

The procedures for conducting each of these tests, including 
block diagrams, specific test equipment, test techniques, and sample 
data formats proposed for use in the collection and recording of data 
are described in the following paragraphs. 

The equipment to be measured should be set up so that it closely 
approximates the intended operating conditions and physical configuration 
of the radar. The primary power supply voltages should be maintained 
and monitored to assure that they remain within 5% of the mean of the 
rated operating voltage of the equipment being tested. 

Wherever practicable, all measurements should be conducted 
at time periods, in areas of minimum interference and reflections, and 
under environmental conditions which will not adversely affect the re¬ 
sults. 

Prior to any measurements, it is necessary to determine that 
the equipment is in proper operating condition as described by the appro¬ 
priate operating and maintenance technical orders or manuals, and cor¬ 
rections made to correct any operating discrepancies. Alignments, as 
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defined in the operating instruction», should be made to insure that, in¬ 

sofar as possible, the equipment is performing under normal operating 

conditions. The equipment under test will not be optimized with regard 
to alignment at test frequencies, so that readings will represent opera¬ 
tional field conditions. Receiver characteristics should be recorded on 
the receiver data form. Figure 7-21. 

r requenc y Land 

AM FM. C »V. SSB. Pulse 

F unction: 

Nominal sensitivity: 

Crystal video. TRF, Single superheterodyne, double 

Ha nd w .dt h 

hor i zorita'. 

Des< ription* 

. Nomma, s 

Source: 

Observer 
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3.1 RECEIVER SENSITIVITY 

3. 1. I GENERAL 

The sensitivity of the radar receiver should be measured at 
enough pointe to identify every two to one change in power sensitivity cf 
the receiver for the standard teat frequencies in each tuning band. 

Teats of receiver sensitivity can be accomphehed by having the 
transmitter "on" ar "off." However, damage to the ngna! generator may 
occur, and the testa should be performed with the transmitter off. The 
block diagram for making the tests is shown in Figure 7-22. 

SYNCHRONIZATION - AS REQUIRED 

"A" SCOPE 
OSCILLOSCOPE 

Figure 7-22. Test Setup for Radar Receiver Sensitivity Tests 

3. 1.2 TEST PROCEDURE: FOR SENSITIVITY TESTS 

rected 
jack. 

to the 
1 he positive "Sync-out" jack of the signal generator is con-

radar indicator (' A" scope) or an oscilloscope Ext trigger 

b. The sync selector on the signal generator is set to internal. 

c. The pulse width is set to correspond to the radar's pulse 
width. 

d. The pu.se delay is set to approximately one-half of the 
radar sweep-length or to 300 psec if the sweep-length is greater than ^0 
nautical miles and the FRF control will be set to the *ame FRF as the 
rada r. 

sweep-length = range in nautical miles x 12.2 
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Riffivcr Se na :t : vi t fr iM'a F <> r ma t 

1 Radar Typ« _Receiver Serial No, ._ 

11 Equipment Set-Lp Draw a block diagram oí the »eat set-up on 
the reverse side oí thia sheet. Identify by model and serial no. 
all test equipment and interconnections (cable types cable 
lengths, connectors, attenuators, vic.). Show receiver input 
and output points. Indicate control and dial settings where 
necessary 

UI. Test Data 

Receiver Tuned । MDS power input j Notes 
Freq, mes dbm 

I 
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e. The gain oí the radar receiver is set so that a 50% grass 
level appears (normally l/fi inch), 

f. All receiver special circuits such as IAGC, STC. FTC. 
etc. . should be turned off. 

g. The radar receiver is tuned to the low end of the tuning 
bard i 5% point). 

h. The signal generator frequenc y is adjusted until a pulse 
appears on the ' A' scope or oscilloscope. About -6G dbm plus any neces¬ 
sary external attenuators should be sufficient power output. 

i. The signal generator output level is then adjusted until the 
pulse drops below the saturation level. 

The frequency is then adjusted for maximum amplitude of J-
the pulse. 

Thi* procedure is continued until the m.d-pulse is barc'.y 
visible in the grass. The MPMVS (mid-pulse minimam visible signal) 
sensitivity of the receiver is then equal to the signal generator output 
level, minus the sum of any external attenuators including cabling. It 
should be noted that radar sensitivities typically run -90 to -112 db. 

1. The above tests are repeated for all receiver frequencies 
where the sensitiv. ty varies by two to one (i. e. , where there is a 3 db 
power change). These points arc determined by tuning the receiver and 
signa' generator through the tuning range of the radar noting the 3 dh 
variations. Tests should also be conducted at the 50% and 95% points of 
the tuning band. 

m. Data obtained from the above tests should be recorded on 
the form (Figure 7-23) shown above. 

3. I. 3 SPECIAL CONSIDERATIONS IN MAKING SENSITIVITY TESTS 

The point where the carrier level indication in made should be 
carefully selected to represent normal operation and preclude the effects 
on signal level of special circuitry. Care should be taken that the FTC 
•(Fast Time Constant), STC (Sensitivity Time Control), and AVNL( Auto¬ 
matic Video Noise Limiting) circuits arc in the off' position for the nor¬ 
mal receiver. 
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Impedance mismatch between the signal generator and receiver 
must be considered and corrected. Where necessary and as required 
VSWR measurements are made to determine impedance levels so that 
appropriate matching couplers can be used. 

Calibrated cables, connectors, couplers, etc. , are used so that 
corrections can easily be made to the indicated signal generator to output 
level. 

3.2 SELECTIVITY TESTS 

1.2.1 GENERAL 

Selectivity tests should be made to determine the bandpass char-
acteristica of the radar receiver, using the test setup shown in Figure 
7-24. Relative receiver response ia rrcaiured at frequencies slightly 
removed from the tuned frequency. Ln must radar receivers, this char¬ 
acteristic is determined by the intermediate frequency (IF) amplifier cir¬ 
cuits. and should be fairly symmetrical about the center frequency. Thus, 
selectivity is a measure of the ability of the receiver to reject slightly 
off-frequency signals. 

Unless the receiver has a tunable RF stage preceding the IF am¬ 
plifiers, the measurement need only be made at the 50% frequency of the 
range. The test procedure is similar to that requ.red for sensitivity meas¬ 
urements, w.th standard response defined as a rnid-pulae minimum visible 
signal at radar receiver output or ae indicated un an ' A' scope or oscillo-

“A" SCOPE 
OSCILLOSCOPE 
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The signal input ia pulse modulated at a PRF which is the same 
as that of the operating radar. The pulao width, however, will be of suffi¬ 
cient duration so that an effective CW signal is synthesized. The spectral 
distribution looks more and more like a CW spike as the pulse width in¬ 
creases. Care will be taken that the pulse width is not so long as to lead 
to a CW desensitization test due to bias enhancements in the receiver's 
gain control circuits. Also, the pulse will not he so short that the re¬ 
ceiver bandwidth is comparable to the bandwidth necessary to pass the 
complete pulse. 

i.Z.2 TEST PROCEDURE 

a. With the equipment setup, as shown in Figure 7-24. the 
receiver is tuned to the center of the operating band. Using normal oper¬ 
ating manual procedures of the receiver under test, the receiver gain is 
adjusted to produce the maximum usable sensitivity. Special purpose cir¬ 
cuits such as IAGC. STC, and AVC should be turned ofi. If the receiver 
has a manual selectivity control, the selectivity measurement is made for 
both maximum and minimum settings. 

b. The signal generator is set for a standard response (mini¬ 
mum discernible signal) at the receiver tuned frequency. The input power 
is increased to 3 db above the standard response reference input. The 
generator is then tuned to a frequency above the receiver frequency until 
the output is returned to the standard response level, with signal generator 
power output held constant. The change in signal generator frequency 
(+*■0 is recorded. Next the signal generator is tuned to a frequency below 
the receiver frequency to again obtain standard response. This difference 
between generator frequency and receiver frequency is recorded as (-¿f). 

The frequency is measured with the frequency meter with 
an accuracy better than one part in 10* and the signal generator switched 
from Int Pulse to CW modulation fur this purpose. 

d. This measurement procedure is repeated with the signal 
generator power set at 6. 20. 40. and 60 db above the standard response 
reference input. A measurement may be taken for power 3 db above 
reference if necessary for a smooth curve. 

e. Data obtained from these tests is recorded on a form simi¬ 
lar to F g jre 7-25. 
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Manual Selectivity Control 

-Aí Notes 

20 

40 

60 

Special Remark*-

♦ Ai 
kc» 

Bandwidth 
kc* 

Relative 
Response 

db 
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3. 2. 3 SPECIAL CONSIDERATIONS 

The frequency meter muet be excluded or isolated from the test 
equipment setup, while the MPMVS measurements arc being made, since 
the frequency meter having active circuits may provide false receiver re¬ 
sponses. After the MPMVS measurement is made. the/i the frequency 
meter may be used to measure 

3.3 SPURIOUS RESPONSE AND OVERALL SUSCEPTIBILITY TESTS 

3. 3. 1 GENERAL 

Spurious response testa are per'ormed on the receiver to meas¬ 
ure the receiver s susceptibility to all radio frequency emissions not 
intended for the reception of intelligence. Spurious responses occur when 
the receiver reacts to off-frequency signals by the combination of the in¬ 
coming signal (or its harmonics) an th th« local oscillator (LO) frequency 
(or its harmonics) to produce an IF »¡gt al capable of be.ng passed. These 
mix products are identified in moat cases bv the following expression; 

* F ii 
F,P * q (7-6) 

where: F Sp = spurious response frequency 
FLQ s local oscillator frequency 
Fjf = intermediate frequency 
p » multiple positive integer of the LO frequency 
q = positive integer to identify harmonic order of the input 

signal 

Therefore, it is both possible and practical not merely to scar, the spec¬ 
trum from 10 kc to 12 g< . but to use th» above expression in predicting 
where the spurious responses ar» likely to occur. Nomographs of the 
above expression are available to assist and aid field measurement per¬ 
sonnel. 

Since signal generators do generate harmonics of the tuned fre¬ 
quency. low and bandpass filters o! known insertion loss should be used 
to isolate unwanted signals during these tests. At s.gral generator fre¬ 
quencies beiow the receiver tuned frequency, low pass filters must be 
used to insure that harmonics at the receiver tuned frequency do not 
cause a response. 
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Figure 7-26. Frequency Cut-off Characteristics for a 
Two-lixt Section of RG-5I/U Waveguide 
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In systems employing waveguide components. the waveguide it¬ 
self acts as a high pass filter with a sharp cutoff frequency. This deter¬ 
mines the lower frequency limit for the spurious response tests. The 
loss in db, L. at a frequency, ï; below the cutoff frequency, fc. and for a 
length, d, is given by the expression belcw 

(7-5) 

where: Äc = cutoff wavelength 

Figure 7-26 is a plot of the attenuation of the TE, 0 mode for a two-foot 
section of RG-51 ,U waveguide (AIRCOM 106-BLD 2) wo th the signal cou¬ 
pled at each end through a waveguide-to-coax adaptor. This data is the 
result of continuous instrumentation tests performed at Frederick Re¬ 
search Corporation laboratories. The cutoff frequency :s f = 5.26 kmc 
with an attenuation of approximately 85 db. 

At signal frequencies above the receiver-tuned frequency meas¬ 
urement, operational procedures will be established to insure that the 
receiver is responding at the signal frequency and not some harmonic of 
the signal frequency. The use of low or handpass filters will obviate such 
situations. 

3.3.2 MEASUREMENT SETUP 

In the performance of the spurious response lests, it is required 
that the VSWH be less than 1. 3 between the signal generator and coupler, 
and less than I. 5 between the coupler and receiver. This may be accom¬ 
plished by measuring the VSWR between the coupler and the receiver. 
Figure 7-27 represents a block diagram of the instrumentation required 
to perform these tests. 

These conditions are necessary so that the signal generator avail¬ 
able power read cn the dial represents the real power oelivered to the re¬ 
ceiver input, and to insure a reasonably high power input to the receiver. 
Between the receiver coupler and the receiver input, serious mismatch 
will occur as the signal generator frequency is tuned out of the passband. 
Therefore, a coaxial slotted line should be used to monitor the VSWR so 
that it remains less than 1. 5. To adjust for the mismatch, a tuner may 
be employed. Stub-type tuners in the coaxial line where only one mode 
cf propagation can exist should be ht 1. The tapered transition section 
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provide» the vehicle for couplng X- S-, C- and L-band signals to the 
receiver input. Ail components used must have the insertion losses 
measured to correct the power readings oí the signal generator. 

COAX 

PLANE OF 
REFERENCE 

7-50 





3. 3. 3 MEASUREMENT PROCEDURE AND DATA COLLECTION 

Since the test procedure is essentially that which can be found 
in many sources, the details will not be repeated. Signal generators 
should be employed that have a capability of 0 dbm output. Past ex¬ 
perience with many signal generators indicates that they have a capa¬ 
bility of delivering power from +7 to 422 dbm which is higher than the 
advertised capability by the test equipment manufacturers. Where maxi¬ 
mum permissible receiver input power is less than the 0 dbm require¬ 
ment. it should be used to preclude damage to the receiver. 

The accuracy of the signai power measurements should be 42 db 
and frequency measured to an accuracy better than one part in 10e. 

Figure 7-28 is a typical spurioua response data format that may 
be used for data collection and tabulation. On the reverse side (not 
shown) of the data format, all cables, connectors, attenuators, slotted 
lines, waveguide sections, etc., should be identified by model and serial 
number so that results can be identified with particular equipment and 
component usage. 

3.4 OVERALL SUSCEPTIBILITY TESTS 

3.4.1 GENERAL DISCUSSION 

The overall susceptibility tests provide a receiver system test 
which includes the receiver and antenna, as well as the transmission line 
components. This represents a system check on the spurious response 
and antenna gain tests previously outlined, as well as including the effects 
of multiple mode propagation. 

The power density in dbm/ir. .s given by the following expres¬ 
sion: 

P G 
P .-- (7-7) 

4 1) 

where: P = power density at distance D from transmitter 
P = transmitter power 
G s antenna gain at frequency 
D a distance in meter» 

The transmitter and antenr.a ir. these trits are the signal generator and 
test antennas. The * gnal generators should be capab.e of a C dbm output. 

7-52 



and the teat antennas rnay have gains varying from 6 to 30 db. For exam¬ 
ple. assume that the teat antenn« gain is approximately 1 5 db at 5. 4 gc. 
For a distance D of 1000 meters, the power density at the receiving an¬ 
tenna is shown below. 

PD = 10 Log :0 IO’J + G - 10 Log x0 4”D1

= 0 dbm ♦ 1 c db - 7 I " -56 dbm m* 

The effective aperture of the antenna can be then computed from the an¬ 
tenna gain measurements made in the far field with the s.gnal generator 
input at the plane of reference. The expression for antenna aperture is 
the following: 

A . 

(7-8) 

The power received can then be computed from the following expression 

Pt Gt°R 

(^D| 5

.3.4.2 Measurement Procedure 

From the spurious response tests, antenna gam measurements 
and computations presented in the general discussion judicious selection 
of the spurious frequencies can be made for performing the far field sui 
ceptability tests. 

Prior to the conduct of these ’c ii; . it will be necessary to first 
establish the placement and orientât. on of the teat antenna with the maxi¬ 
mum gam direction of the receiver antenna. This data will be provided by 
the antenna pattern and gam measurements which will be performed before 
the susceptibility tests. An analysis will reveal the variations in antenna 
patterns and gams and a determination made as to the desirability of addi¬ 
tional patterns at the spurious frequencies to insure direction of maximum 
gam for the receiver. 
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Having selected the spurious frequencies and position of the test 
antenna, tests should be performed to determine the signal generator out 
put level necessary to produce a receiver response mid-pulse minimum 
visible signal (MPMVS). Figure 7-29 is a typical type of data sheet that 
can be used in the collection of this data. 
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3.5 INTERMODULATION TESTS 

3. S I GENERAL 

Intermodulation type oí interference can occur in a receiver sys¬ 
tem as a result oí the simultaneous reception oí two or more signals if 
the* combine to produce the frequency to which a receiver is tuned, or a 
spurious response frequency. Typical types of mixes which can occur 
are the following: 

: ' i^ (primary mix) (7-10) 

Í = 2Í - Í ( 3rd order mix) 
o AB 

f * 3f - ¿Í ( Sth order mix) 
o AB 

1 s 4, a - 3ia < eU - ) o AB 

where Í - receiver tuned frequency 
o 
f^ ip s interfering signal frequencies 

Note. The tests should be performed for all næasurab^e orders 
of products. 

For the pulse systems one of the input signals should be unmodu¬ 
lated, and the other should be a pu It. r signal having a pulse width and PRF 
equal to the nominal characteristics of the system under test. This then 
results in intermodulation products that eshibit the modulation character¬ 
istics of the receiver and avoiding random phasing if both input signals 
were modulated. 

Another problem asfeuciatec with this test is the determination of 
the real power delivered to the receiver. since there will be variations in 
receiver input impedance as a iuntuii >f signal generator frequencies. 
Figure 7-30 depicts the generalised testing procedure. 

The two matching couplers provide a rnat< h to the 50 ohm input impedance 
of the signal generators. Corrections should be made tr» determine the 
real power delivered to the receiver through the use o’ a slotted line which 
will be used to make VSWR measurements between the receiver and the 
signa, generators. Any one of the established procedures fur conducting 
intermodu.ation tests may be followed. Presentation of the data is shown 
in Figure 7-31 and represents a topical format. 
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Figure 7-30. Intermodulation Test Setup 

fl Equipment Setup: Draw a block diagram oí lhe test setup on the 
reverse side oí this (heel. Identify by model and aerial number 
al' feet equipment and interconnect mns (rabie types, cable 
lengths, connectors. attenuators. etc I Indu at e c ont rol and 
dial settings where necessary 

ÎII Teat Data 

Fand 

Rec river Tuned Fr eq «te , ( n | 

I 

Figure 7-3 . It tr ■ ¡r< dulat ion Data Format 
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3 6 ADJACENT CHANNEL TESTS 

3.6.1 GENERAL 

These tests are performed to dr’rmine a receiver’s response 
to weak and strong desirec signals tn the presence of weak and strong off-
channel interfering signals. The off-channel interfering signals are due 
to the emissions of a transmitter which is operating at a frequency outside 
the bandpass o! the receiver in question, hut whose modulation sidebands 
tall within the receiver's bandpass and may cause interference. Figure 
7-32 typifies the type of interference possible under these conditions It 
is essential, therefore, to measure a receiver's response to this situation 
so that radio frequency interference predictions between a receiver and 
other t rar.smitterf s) is possible. 

3.6.2 ADJACENT CHANNEL TEST PROCEDURE 

Figure 7-33 depicts the test setup required to perform adjacent 
channel teste. 

A desired signa! from the signal generator (I) will be adjusted to 
an output level which will yield a MPMVS output on the output indicator 
("A'' scope) exhibiting the modulation characteristics of the receiver. 

The interfering s-.gnal from the signal generator (2) should be 
unmodulated and set to a standard level of 3 dbm. when tuned to the re¬ 
ceiver frequency and held to this level for the remainder of this portion 
of the test. 

The interfering signa! will be changed enough in frequency so 
that the interference effects disappear, then adjusted back toward the 
tuned frequency. When one of the types of interference becomes evident, 
the desired signal should be increased to restore the MPMVS. The level 
of desired signal. Pp. should be recorded, and also the difference be¬ 
tween the desired and undesired frequency, ûf. This process of tuning 
the interfering signa! toward the receiver frequency to obtain greater 
interference levels will be continued to measure a sufficient number of 
points to define the shape of a curve, until the difference between the 
interfering s-.gnal frequency and the tuned frequency is 10 kc. or the 
closest point at which the 6 db ratio still is obtainable. This process 
should then be repeated to obtain measurements at frequencies on the 
other side of the receiver tuned frequency. 
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Figure 7-32. I vpicai RFI Situation (Adjacent Channel 

Inf r rf fence Shown) 
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•A- SCOPE 
OSCILLOSCOPE. 

Figure 7-33. Test Setup for Adjacent Channel Tests 

This test 
receiver band and 

should be performed at the mean frequency in each 
for interfering signal levels of 0. -6, -13. and -30 

dbm at the input to the receiver. 

h i g u r e 
Data from these tests can be recorded on the 

7-34. 
form displayed in 

3. 6. 3 SPECIAL CONSIDERATIONS 

In performing thene tests. it is essential that the frequency me¬ 
ter be excluded from the circuit while the MPMVS is being restored, 
Otherwise, the frequency meter having active circuits may provide false 
information. After the resto ration oí MPMVS, the frequency meter rr ay 
be used to measure *¿f. 

In the measurement and data collection process, it is required 
t<> know the impedance mismatch that wi'l occur between the signal gen¬ 
erators and receiver input. For example, the signal generators have a 
nominal 50 ohm output impedance and the paralleling of the two results 
in an overall source impedance of 25 ohms. VSWR measurements be¬ 
tween the signal generators and receiver will be required so that the 
proper coupling devices can be used to assure a 0 dbm interfering signal 
and that the dial readings on the signal generators can be corrected for 
impedance mismatch. 
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Adjacent Channel ' est Data I >rmat 

I Radar Type___ Rec eiver Serial Na: _ 

i II Equipment Setup Draw a block diagram if the teat setup on the 
rever aide of thia sheet. Identify by model and aerial no all 
test equipment and interconnection* (cable types cable lengths, 
connectors attenuators etc. I Show receiver input and output 
points Indi ate control and dial settings where ne« cssary 
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3.7 PULSE DESENSlTIZATICN 
3.7.1 GENERAL 

Devenait ;zat inn m a loas ir. sensitivity to tnc desired signal in 
the presence oí a strong undesired signal. Puise delays of appreciable 
duration provide a teat oí the effects on the mixer or cupping circuits, 
whereas pulse delays of short duration represent a teat of the time con¬ 
stants associated with the receiver circuitry auch as receiver recovery 
times. Figure 7-35 represents the test equipment configurations re¬ 
quired to perform these tests. 

’A SCOPE 
OSCILLOSCOPE 

Figure 7-35. Test Equipment Utilized for Radar Receiver 
Descnsitization Measurements 

3.7.2 MEASUREMENT PROCEDURE 

Two signal generators A and B will be used as signal sources 
for these tests. A is the undesired pulse and B the desired pulse. The 
undelayed sync pulse from A is applied to the sync input of B. The pulse 
characteristics of A and B arc the same as the equipment under test. 
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Radar Type: 

Show rec eiver input and output 

Desired Pulee De*tr ed Signal 

Figure 7-36. Receiver Desensitization Data Format 
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Th« output of the undesired pulse is «et to 0 dbm and the pulse 
initially delayed for a period equal to 1/2 the FRF. An oscilloscope is 
used to note all PRF PW, and pulse delays. 

With these inputs, the receiver sensitivity measurements to the 
desired signal are made as previously described under sensitivity tests. 
This is continued for a number of reduced delay times to define a change 
in sensitivity as a function of pulse delay. 

These tests are conducted at the mean or 50^ frequency in each 
tuning band. Figure 7-36 illustrates a typical data format. 

3.7. 3 SPECIAL CONSIDERATIONS 

As discussed in previous sections, impedance matching and an 
appropriate coupling is determined to insure that the signal generator 
power output reads true, or appropriate co. rectionw are made for mis¬ 
match conditions. 

3.8 CW DESENSITIZATION 

3.8.1 GENERAL 

CW desensitization is a test used to measure any adverse changes 
in the bias levels of the receiver's amplifier stages and a resultant delete¬ 
rious effect on receiver sensitivity. 

3.8.2 MEASUREMENT PROCEDURE 

Figure 7-37 depicts the test setup recommended to be used in 
conducting these tests. 

The frequencies of signal generator ! and 2 should be se» at the 
mean frequency of the rece. ver's operating band and measured by a fre¬ 
quency meter. Signa generator No. 2 (desired signal) has a modulated 
output consisting of the PR F and pulse width normally associated with, re¬ 
ceiver. An oscilloscope may be used to determine t'.ese settings. 

The undesired CW signal generator is set f<- 0 dbm (or within re¬ 
ceiver input power limitât. ons) and the desired signal output adjusted to 
produce a MPMVS. Then the undcsirrd signal power output is reduced in 
steps and receiver sensitivity checked for each point. This process is con 
tmued until no further change in receiver sensitivity is noted. A curve of 
CW interfering signa! versus receiver sensitivity ran then be plotted. 
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Figure 7-37. Test Setup for Measurement of CW Desensitisation 

Ae previously discussed, the coupling network will provide the 
impedance coupling necessary to insure that me power output dial readings 
on the s.gnal generators can be read directly or appropriate corrections 
made. 

Data may be recorded on a data sheet similar to that shown in 
Figure 7-38 (CW Desensitization Data Format). 
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Figure 7-38. CW Des enaitiratinn Data Format 



3.9 DYNAMIC RANGE 

3.9.1 GENERAL 

This test provides information pertinent to the effectiveness of 
the AVC or AGC circuits common to many receivers and. therefore, is a 
description of receiver linearity over a wide range of input power to the 
receiver. 

3.9.2 MEASUREMENT PROCEDURE 

ducting this test. 

AS REQUIRED 

bigure 1 - a. Dynamic Range lest Setup 

The signal generator is tuned to the mean frequency in the re¬ 
ceiver band, and the power output adjusted so that a MPMVS is obtained. 
Next, the power output should be adjusted lb db. and the peak receiver 
output voltage measured A calibrated ose il .osc ope provides an accurate 
means for measuring peak voltage (the video output of the receiver may be 
used for this purpose). Tnr signal generator power outp.it is then adjusted 
ir. 4b db incremental steps until the output voltage is constant (saturation). 
The range between MPMVS and saturation represents the dynamic range 
of the receiver in terms of input power and output volts. 
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The input coupler is used, as required, to match the output im¬ 
pedance of the signal generator and input impedance of the receiver under 
test. 
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3 10 OSCILLATOR RADIATION TFST 

3. 10. I GENERAL 

The receiver contans oscillators and other internal generators 
that are possible interference sowrn* . These «ignais can emanate most 
easily from the receiver via the t r ansm i « h ion line to the antenna. This is 
especially true of the local esc ilia»''- frequency, since it is in the band 
for which the line is designed. Because the signal level» involved are 
quite email, attenuators and signal sampling devices are not used, but 
matching and coupling networks may be required. 

It is assured that the nomma. input impedance of the receiver 
under test will not match the nominal input impedance of the frequency -
selective voltmeter over a frequent y range from 10 kc to 12 kmc. There¬ 
fore, matching techniques such aw those discussed in the receiver spuri¬ 
ous response measurement may be necessary to measure the true power 
delivered to the f requency - selective voltmeter. This represents the 
worst situation of receiver oscillator output, since it maximizes, or 
matches, the signa! to the point of reference in the transmission line 
where under normal operatic-’» with the antenna loading the receiver, true 
match may not occur at out-of ■ ban-.4 fre< tercies. Those frequencies in 
the transmission line that are abeve the minimum sensitivity level re¬ 
quired of the frequenc y-»elective voltmeter should be further analyzed 
with antenna characteristics. 

RECEIVER 
INPUT TERMINALS 

FREQUENCY 
me rER 

SIGNAL 
GENERATOR 

Receiving kudia: :on - Measu rcment Block Diagram 
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O*> Viator Radiation Da'.i Formai 

Figure 7-4?.. Oscillator Radiation Data Format 
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J. 10.2 MEASUREMENT SETUP AND PROCEDURE 

The setup lor the radar receiver oscillator radiation test is 
shown in block diagram form in Figure 7-41. The coupling network from 
the receiver to the frequency-selective voltmeter is a pad. transition 
piece, slotted line tuner, and adaptors as required for measuring true 
power delivered to the voltmeter. The frequency meter is connected only 
when measuring a detected emission to the required frequency accuracies 

The receiver is treated as a transmitter and the frequency spec¬ 
trum is scanned from 10 kc to 12 kmc. unless otherwise specified. The 
lower limit can be set to some higher value tor given tests when the type 
of transmission line is known due to the high pass characteristics of typi-
cal waveguides. 

The test da’a rna-, he presented in tabular form as shown in 
hjgure 7 -4¿. 

4. ANTENNA MEASUREMENTS 

The purpose of these measure menta is to measure the spatial 
distribution oí power radiated by the antenna or. similarly, the effective 
spatial distribution of power seen by the antenna as it absorbs power. It 
is necessary to have this information for each frequency where (a) either 
the transmitter emits significant energy through the antenna, or (b) there 
is sufficient energy received through the antenna to cause a significant 
response in the receiver. The characteristic data that yields this infer 
mation is a set of absolute antenna pattern measurements at each ol the 
required frequencies. The measurement of this data is conveniently 
achieved through two characteristic measurements - one of absolute an¬ 
tenna gain, and one of the relative antenna pattern. 

Generally, it is desirable to obtain this data for two conditions: 
first, with as little site effect as possible, and second, including the ef¬ 
fects of the site. For a.l mobil'’ and sennportable equipment, it is espe¬ 
cially important to obtain harac n r istic data with as little site effect as 
possible. For large fixed in 'JlalioM, it will probably be necessary tc 
consider the site as part of the radiating or receiving system, and thus 
the characteristic data will include the effects of the site. 

Because it is ph>mcallv impossible to attach measuring gear di¬ 
rectly to the antenna terminal», t is necessary to arbitrarily establish a 
plane of referent e in the feed complex which connects to the antenna. 

The parameters measured are then al! referred to this reference point. 
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Anc it 18 considered as the antenna terminals. This "antenna" may in¬ 
clude transmission lines, rotary joint» and other components, in addi¬ 
tion to the physical antenna structure. 

The choice of the plane of reference" should be based upon three 
important considerations (a) the functional or operational parameters of 
the particular transmitter. receiver, and antenna. ( b) the minimization or 
reduction of the number of measurements to be performed, and (c) the 
avoidance or compensation for the multiple mode problem. 

Gain and pattern measurements should be made in the far field. 
that is. at a distance greater than or equal to Da X where D is the maxi¬ 
mum dimension on the aperture of the largest antenna, and X is wave¬ 
length at the fundamental operating frequency of the syste-m under test. 
In no measurements, however, should the distance be less than 3X. 

Antenna gam and pattern measurements should be made for both 
horizontal and vertical polarization at each of the measurement frequen¬ 
cies. 

4 I ABSOLUTE ANTENNA GAIN 

The absolute antenna gain snouid b. measured at the fundamental 
frequency, at each harmonic frequency, and at other frequencies, as 
required. If possible, the measurement oí gam should be made at the 
peak of the mam lobe. Otherwise the dev ation from the electrical axis 
and/or the mechanical axis must »e noted. 

A calibrated source, either pulsed or CW depending upon the 
frequency, must be used in the measurement of antenna gain and pattern. 
This source (or field intensity meter since reciprocity is valid) should 
be inserted in the line al the same point at which the line was broken for 
the receiver measurements; i. e. . at the "plane of reference. " The 
method of coupling between the signal source and the antenna is very 
important and is dependent upon several factors. The method is depend¬ 
ent upon the frequency at which it is desired to make the measurement 
and the type of transmission line (waveguide, coaxial cable, etc.) availa¬ 
ble at the plane of reference. As an example. Figure 7-43 shows a 
proposed technique for coupling an X*-Band signal from a signal generator 
that has a coaxial output into an S-Band waveguide. 

The V$WR at the output of the signal £ *' erator is measured through the 
use of the coaxial slotted line and th« V5 UR indicator. The VSWR at thia 
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ANTENNA 

Figure 7-43. Technique for Coupling X-Band Signal into S-Band Waveguide 

point in minimized by means of the coaxial tuner, so that the signal gener¬ 
ator is not presented with a h.gh VSWR. It is desired to inject a reasona¬ 
bly high level Signal (perhaps 0 dbm) into the ' antenna" without a large 
mismatch loss. Since the tuner will not generally tune the higher order 
modes that could exist at the higher frequencies, it is better to match at 
the antenna. However, this ih r.ot usually practicable. Since each wave¬ 
guide propagation mode may exhibit a different VSWR, a similar problem 
arises in the measurement oí VSWR with a slotted line. Thus, the VSWR 
should be measured and the tuning accomplished at a point in the line 
where only one mode can exist. 

A coax-to-waveguide adaptor of a specific size is connected fol¬ 
lowing the tuner so that only one inode can exist (X-Band in this example). 
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The waveguide i> then »lowly trana/ormed into S-Band «aide through a long 
tapered tranaition. A »month tran»ition i« accompliahed to prevent (inio-
far an possible) the excitation of higher order modes. 

A test antenna is set up in the far field (D'/X, and connected as 
in the transmitter measurements to a frequency-selective voltmeter. The 
entire field test setup should he calibrated and actual power densities are 
calculated from the voltmeter mease -« menta. The actual power gam can 
be calculated using the following relationship: 

where. G = antenna gain 

PD = power density measured at a distance D from the system 
antenna 

a power ted to the antenna from the calibrated signal gen-
e rator 

Where possible, the measurement is made at the azimuth and elevation of 
maximum gain. Measurements are made with both vertical and horizontal 
polarization of the test antenna. 

The test antennas used for these measurements should meet the 
following requirements above 1000 me the half-power beamwidth shall 
not exceed 10 degrees, and the sidelobe suppression shall be at least 16 
db unless otherwise specified. 1 his beamwidth requirement can be 
achieved by the use of a parabolic refit, tur. with diameter of approxi¬ 
mately 8 feet (assuming a frequency of 1000 me and a factor of 1.4 to 
account for the tapered illumination of the reflector). It is very desira¬ 
ble to use such a test antenna for these measurements to minimize the 
effect of site reflections on the measurements and to increase the meas 
uring system sensitivity. In situations where the site effect must be in¬ 
cluded, an omnidirectional antenna is required to receive all the reflec¬ 
tions . 

4 2 RELATIVE ANTENNA PATTERNS 

4. i. 1 GENERAL 

As in the gam measurements described in Section 4. 1. it is 
necessary to make antenna pattern measurements at the midband funda¬ 
mental frequency, at all of the harmonic s of this frequency up to a fre-



quency of 12 kmc. and at frequencies of other spurious emissions and 
responses when specifically requested. The basic test setup is identical 
to that described in Section 4. I for the measurement of absolute antenna 
gain. However, the position of the test antenna will vary with the require¬ 
ments for the specific type of antenna under test. Insofar as possible, 
the measurements should nr made n an area unobstructed by buildings 
and trees, and the test antennas are placed to minimize unusual ground 
reflections. In this manner, ar. attempt will be made to approach free 
space conditions. The test antennas used for these measurements should 
be placed ir. the far field. These ehou’.d be the same antennas that were 
used for the far field transmitter measurements and the antenna gain 
measurements. Patterns should be made for both horizontal and verti¬ 
cal polarization. 

The calibrated sensitivities of the required measurements are: 

a. -90 dbm/m’ at frequencies up to 300 me 
b. -80 dbm/m? from 300 to 1000 me 
c. -70 dbm/m? from 1 to 3 kmc 
d. -60 dbm/m’ from 3 to 10 kmc 
e. -50 dbm/m' above 10 kmc 

In addition, the dynamic range of the antenna pattern measurements should 
be at least 60 db for the fundamental frequency and at least 40 db for all 
other frequencies. Assuming tl e smallest probable antenna gain of the 
radars to be investigated is ¿0 db n lative to an isotropic antenna, pat¬ 
terns should be made 40 db below isotropic to satisfy a -60 db pattern 
requirement of the fundamental. Therefore, assuming a field intensity 
meter sensitivity of -85 dbm, the ERP of the test antenna and transmitter 
must be 46 dbm. Since additional losses, i.e. . SWR loss and line attenu¬ 
ation do exist, :t will be assumed that the line loss is 4 db and the increase 
in these leases as a function oi frequency is offset by the antenna gain de¬ 
pendence on frequency. Therefore, a tabulation of necessary power and 
antenna gain is 

T ran6 rni11<• r Po* c r 

100 Mw 

I watt 

10 watt 5 

Antenna Gain 

30 db 

20 db 

10 db 

The power versus antenna type now becomes. 
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Tran smitter Power 

100 Mw 

I watt 

10 watts 

Antenna Type a 

15' Parabolic Reflector 

6' Parabolic Reflector 

Waveguide Horn 

The 8-foot parabolic reflector needed to achieve the narrow beamwidth 
above 1000 me (discussed in Section 4. I) would require a power somewhat 
less than 1 watt. 

The procedure used Igi pattern measurements will vary with 
antenna type. A primary < laSHification ef antenna type will he rotatable 
and non - rotatable. 

4.2.2 ROTATABLE ANTENNAS 

Tne rotatable classification applies to antennas which can be 
rotated through 360*. Patterns may be taken by using a recorder with a 
very last response time. An azimuthal pattern should be recorded with 
the electrical centers of the antenna unaer test and the probe antenna at 
the same height In addition, if it is possible another pattern is recorded 
with the probe antenna «it the peak of the main lobe. These patterns are 
made at each of three measurement locations for the fundamental fre¬ 
quency and at the best available lo< ation lor the other frequencies. The 
angular separation of these locations will be a minimum of 45* and prefer¬ 
ably greater than 90‘. The choice of the best available location should 
be made such that unusual reflections arc minimized. If the antenna can 
oe readily elevated, additional azimuthal patterns should be recorded. 
The probe antenna height is maintained at the same height a« the system 
antenna. The elevation angles for these additional patterns should be 
(a) the maximum angle, and (b) a minimum of four other elevation angles 
at which peaks ot elevation lobes ar«; ibserved. The same will apply to 
semiclcvatable antennas except that patterns need not be recorded lor 
intervals less than 5*. for antennas Iha’ are cTevatable only in steps, an 
azimuthal pattern should be recorded al each step with tne total not to ex¬ 
ceed six patterns. 

4.2.3 NON-ROTATABLE ANTENNAS 

For non-rotatable antennas it is necessary to select eight test 
positions equally spaced around the system antenna. At ¡east one of 
these should be located on the electromagnetic axis of the main beam, or 
beams, if the antenna is directional. If the antenna is not elevatable. 
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ANTENNA IDENTIFICATION 

Figure 7-4*1. Antenna Identification 
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then these are the only measurements required. If the antenna is eleva 
table, measurements should be made at a minimum ci six elevation an¬ 
gles. preferably at the peaks of any lobes at each of the eight azimuthal 
test positions. However, measurements are not made for elevation 
changes of less than 5* for semielevatable antennas. For antennas with 
fixed incremental elevation steps, measurements should be made at in¬ 
cremental steps not exceeding a total of six. 

4.3 DATA PRESENTATION 

The general data necessary to describe the lystem and the over¬ 
all test setup has been discussed in the section on general system consid¬ 
erations. The da*a directly applicable to the antenna system is docu¬ 
mented in a manner similar to the one described in the following para¬ 
graphs. The identification format for antennas is shown in Figure 7-44. 

ANTENNA PATTERN DATA 

I. Equipment nomenclature _Serial number 

2. Frequency ___ 

3. Test antenna polarization___ 

4. Distance at which antenna pattern data is taken ______________ 

5. Cut -- azimuth degrees 

elevation_degrees 

6. Angle (degrees) Relative Amplitude (db)_ 

Figure 7-4S. Antenna Pattern Data 
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The antenna pattern data is presented in Iwu forms - analog and 

digital. The analog pattern is in the form of a rectangular graph of gain 

versus azimuth or elevation angle in degrees. The gain scale is linear in 

db. Irregularities in the pattern that may be attributed to reflections, 

transients, instrumentation and other factors ar»* identified. In addition 

to the analog presentation, a digital tabulation o' the relative antenna pat¬ 

tern is made. The tabulation is made in 2. 5 degree increments referenced 

to the center of the main beam at the fundamental operating frequency. In 

the vicinity of the main beam, a sufficient number of more closely spaced 

increments are included to characterize the main beam The amplitude 

is recorded relative to the amplitude maximum at the frequency of meas¬ 

urement. Azimuthal and elevation beamwidths for both horizontally and 

vertically polarized signals are tabulated at 3 db points. A form that may 

be used for this purpose is shown in Figure 7-45. 

4.4 FRESNEL REGION CONSIDERATIONS 

Far field antenna measurements have been discussed in the pre¬ 

vious sections. The Fresnel measurements arc occasionally required be¬ 

cause of collocation problems that rnay exist. For Fresnel measurements, 

patterns must be obtained within the D**/ 1 distance. The following para¬ 

graphs provide a brief discussion of a testing procedure that might be 

used for Fresnel measurements. 

Theoretical corrections for Fresnel region patterns have been 

discussed in articles by researchers such as Benjamin Lindeman* at 

KADC. Jacobs 2, and Mumford 3. Because of mathematical necessity, 

field distribution at the aperture must be assumed, thus limiting the ap¬ 

plication of theoretical synthesis. The difficulty is especially pronounced 

when Fresnel patterns are required at harmonic frequencies or frequen¬ 

cies considerably above design frequency, since antenna tolerances and 

dominant mode operation are considered for the design frequency. The 

synthesis of far field measurements to yield Fresnel region patterns 

would be erroneous unless true tree space patterns can be obtained. For 

this reason, it is essential that in a task with such a requirement. Fres¬ 

nel patterns be obtained by measurement techniques. 

When a test probe iS placed in close proximity to a large illumi¬ 

nated aperture, the phases viewed by the test probe from contributing in¬ 

cremental areas at the aperture »ill vary greatly. Therefore, as the test 

probe is moved away from the aperture, the intensity received will gyrate 

about an average level due to phase additions and cancellations. When the 

phase difference from the various contributing areas becomes essentially 

constant. the test probe is in the far field. Tins extremely simplified ex* 
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planation of Fresnel region behavior has been added simply to indicate 
that in the Fresnel field the radiated pattern is a function of distance and 
in addition the effective area of a test probe used in the measurement of 
the Fresnel pattern must be extremely small. 

The distance between maxima and minima in the cyclic variations 
expected in field intensity along a radial line from the antrnr.a aperture is 
on the o rde r of 

L ‘ (7-12) 

where x = distant e along the line 
' * wavelength 
D - maximum antenna dimension 
L = space between maxima and minima 

To completely define the Fresnel rings, it m necessary to make measure 
menta at a separation less than L. However, when the distance from the 
aperture is small and the wavelength small. L becomes to small that the 
quantity of measurements necessary to define the Fresnel rings is too 
great to he practical. For this reason, a minimum collocation distance 
must be assumed. Not only does this reduce the requirements on the num¬ 
ber of measurements but also requirements on the pickup antenna. The 
measurement procedure that can be employed consists ci taking reference 
measurements near the far field transition point. Fresnel patterns can be 
taken along radial lines at points sufficient to describe the cyclic variation. 
As indicated by the preceding expression, the number of test setups is 
determined by the frequency under investigation. Measurements must be 
taken along enough radial lines to define the Fresnel pattern. 

S. FUNCTIONAL APPROACH TO THE PERFORMANCE 
OF A TYPICAL TASK 

The operations involved in the performance of a typical task are 
shown in the Flow Chart of Figure 7-46. The process begins with the 
assignment of the task. 

5. I PREPARATION OF TEST PLAN 

Upon receipt of the task assignment, a specific, comprehensive, 
and detailed test plan must be prepared. Such a test plan would comply 
with the general requirements« set forth in the task and would follow the 
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Figure 7-46. Typical Task Performance Flow Chart 
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procedures outlined in the preceding sections. This ie obviously ore of 
the most critical phases in the overall process and it is felt that much can 
be done in the wav of foretelling possible difficulties and problem areas 
through competent e and thoroughness in the preparation of the test plan. 
Thorough researching of ail available data on the equipment being tested 
on the site (whether at Government facility or at contractor test location) 
will facilitate this phase oí the program by lending an insight as to meas¬ 
urement problems and which of these problems will he most critical. It 
is realized that the same general measurements are required to satisfy 
the spectrum signature requirements no matter what the task, but it is 
also apparent that where particular equipments are concerned, certain of 
the measurements will assume more significance than others. In some 
instances the test plan will identify areas requiring specialized engineering 
consideration prior to testing as well as peculiar operational and logistic 
considerations. The test plan that is prepared must also include provisions 
for the collection of certain envi ronmental data. Such data represents an 
important input in the analysis and use of the spectrum signature data. 

5.2 IMPLEMENTATION OF PLAN 

The next operation, as shown in the Task Performance Flow 
Chart, is the implémentât on of actual wors in obtaining the spectrum 
signature and environmental data. This operation is envisioned as a 
clearing the way" process. If the work is to be done at a government 
facility, contact must be made and liaison set up with the government unit 
where the measurements are to be made. The establishment of security 
clearances, obtaining passes to the base for members of the field crew, 
and similar tasks must be accomplished. 

The scheduling of personnel, the readmes 4 of equipment, and 
the ''logistics" of insuring that both arc available at ihe site «it the right 
time must be carefully coordinated. 

For work to be performed at the Contracter'* facility, necessary 
gistic arrangements must be made for security, emplacement and 
pcration of the equipment. 

53 PREPARATION AT Tug SHE 

At the s tc. the first order oí business would be the performance 
for such test ar.d check-out procedures as are necessary to determine 
that the equipment is operating properly. In making field strength meas¬ 
urements. the field intensity instruments must be calibrated as e.ach 
measurement is m«ade. In addition, it is also necessary, at this stage, 
tu perform tests on the mc.isurmg equipment to ins ire that :t is peratme 
’ up to spec s. 
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5.4 MAKING MEASUREMENTS AND GATHERING DATA 

As dictated by the requirements oí each specific task, the engi¬ 
neers and technicians on the measurement team will make those field 
strength measurements necessary tu determine antenna patterns at the 
fundamental and spuriuus frequencies, measurements to determine re¬ 
ceiver response. and measurements of the susceptibility of electronic 
components. As shown on the F low Chart, the technicians oí the field 
crew would perform data reduction and n ahe preliminary analysis of 
measured levels. This is done at the site in order that measurements 
may be repeated if. upon inspection, the raw data appears to be unreliable 
or questionable on the basis of sound engineering judgments. Prelimi¬ 
nary field evaluation oí each set of measurements should be made to 
insure that meaningful results are carried back to the home office for 
processing into finished form. Such field evaluations may involve the 
plotting of field intensity levels in graphic form for comparison against 
specification or rated limits. The measurement analysis should be 
sufficient to assure the validity of the measured raw data. 

5.5 DATA REDUCTION 

Engineers at the contractor's home office, assisted by technicians 
as required, would perform necessary data reduction and processing into 
final form and in compliance with DOD requirements. Plots of field in¬ 
tensity versus frequency would be prepared fur all oí the various equip¬ 
ments upon which measurements were made. Likewise, antenna patterns 
would be plotted. Curves would a.so be prepared showing graphically in 
terms oí magnitude, frequency, phase shift, etc., the response (or sus¬ 
ceptibility) of the specific receivers encountered. Oscilloscope photo¬ 
graphs would be presented showing pulse trains, output wave shapes, 
receiver response, pass bancs, tuned high, low or bandpass filters, or 
the c haracteristics of any other equipment for which photographic evi¬ 
dence of behavior has been obtained. 

6. THEORETICAL AND PRACTICAL PROBLEMS IN 
OBTAINING SPECTRUM SIGNATURES 

6 I CATEGORIES OF PROBLEMS 

The problems of obtaining spectrum signature measurements mav 
be divided into several categories 



a. Problems m measurement techniques 
b. Data handling and recording problems 
c. Problems in test equipment utuization 
d. Logistics problem« 
e. Radiation hazard problems 

6 2 AN EXAMPLE OF MEASUREMENT TECHNIQUE PROBLEMS - ANTENNA 
PATTERNS 

Problems encountered in measurements techniques may vary 
fr >m simp.e difficulties in impedance matchir g to the much more comp.ex 
problems of antenna pattern determination. Oi particular significance is 
the problem of placing a test antenna in a spec if.c part of the propagation 
field ol the radiating equipment under test. Fer example, taking a meas¬ 
urement in the main beam of a radar may involve positioning a test an¬ 
tenna 50 to 100 feet above the ground. In other cases, where a radar is 
located on a hill or mountain, a measurement in the far field of the an¬ 
tenna may not be possible unless the test antenna can be placed several 
hundred feet above the ground. An economical solution to this problem 
requires consideration of the use of nearby high structures, the use of 
aircraft, helicopters, and balloons, or the erection of temporary test 
antenna towers. This implies the use of a transmission line and attenu¬ 
ators of appropriate power and attenuation ratings. In some cases, 
where an extremely long transmission line would provide too much 
attenuation, consideration must be given to passive reflectors or to 
antenna mounted mixers and preamplifiers. 

Another aspect of the antenna pattern measurement problem is 
the general requirement for measurements at a number of points in the 
antenna field. For the horizontal pattern, this can be accomplished either 
by rotating the transmitter antenna, or by moving the test antenna horizon¬ 
tally. For the vertical pattern, the test antenna must be raised and low¬ 
ered. The transmitter antenna may be tilted under some circumstances 
but, in many cases, it may be impossible or impractical to do this. Re¬ 
flections from the surrounding terrain normally affect the transmitter 
antenna pattern to some extent and tilting the antenna may provide antenna 
pattern data which is not a true representation of the normal Site pat¬ 
tern. This problem of obtaining three dimensional antenna pattern data 
is one which is difficult of solution from the standpoint of technique. 
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cost, and time. Much additional study and development work will be 
required if we are to obtain entirely satisfactory methods for determin¬ 
ing antenna patterns for rotating narrow-beam antennas, as well as 
many other antenna types. 

1n many cases the antenna patterns of radars must be obtained 
without interfering with the operational use of the prime equipment. For 
example, in the case where a radar is a part of the national defense sys¬ 
tem, an absolute minimum of down time is allowed. It is thus apparent 
that methods must be used to take antenna patterns "on the fly" - that is. 
with the prime equipment in normal operation. 

For rxamp.e, suppose the equipment on hand covering the fre¬ 
quency range required for the fundamental and harmonic patterns of the 
transmitter antenna include a Poiarad Field Intensity Measurement Re¬ 
ceiver. a Stoddart NM-50A. an Esterline-Angus recorder, u Sanborn 
recorder with preamp and driver, a Tektronix 645A scope, and suitab'.e 
teet antennas. A pattern having at least a 60 db dynamic range is neces¬ 
sary. and it is desired to obtain a test pattern uhile the prime equipment 
antenna is rotating. 

Certain types of test equipment sometimes fail to produce sat.s-
lactory patterns. Investigation may show that the f.ne lobe structure is 
being *ost because of the long AGC time constants of both the FIM and 
NM-bOA receivers. The problem can be resolved by incorporating In¬ 
stantaneous Automatic Gain Control into the receivers. This may result 
in excellent patterns using the Sanborn recorder. Since the receivers 
have only a 4Ü db dynamic range, the required 6U db may be obtained by 
record.ng the pattern in three parts. A total dynan ic range of 8U db has 
been obtained. 

6 3 DATA RECORDING AND REDUCTION 

The output signal for recording is usually taken from the audio 
or video jacks of the test rece. vers, and this introduces another problem. 
that of calibrating the recordings. It is sometimes necessary to run the 
receiver gam sc. high that the signal to noise ratio of the lower level lobes 
.s quite low. When a calibrated signal generator is substituted for the 
signal, the recorder stylus fluctuât ions. due to noise. rr.uke calibration 
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impossible at the lower levels. This problem may be solved by running 
th»- varying dr output oí the test receiver through a ’000 cycle chopper 
to the recorder. The final result then is a recording technique which 
provides easily calibrated, low-level patterns which are achieved without 
special equipment. Figure 7-47 shows a typical recorded pattern. 

Another recording technique may be of some interest because oí 
the extremely fine lohe structure obtained, in fact, it results in an instan¬ 
taneous plot of a radar antenna pattern and has no recorder speed limita¬ 
tions. Briefly, a slow sweep oscilloscope (545A, in this case) is adjusted 
so that one sweep corresponds in time to slightly more than one antenna 
revolution. The vertical amplifiers of the scope are driven by the video 
output of a receiver modified for IAGC. A Polaroid scope camera is set 
up and the shutter left open during one sweep. From the positive print 
obtained, a negative is made and projected upon a screen. The result is 
an instantaneous plot of any desired size. 

Figure 7-47. Radar Antenna Harmonic Pattern Shewing Repeatability of 
Data and Fine Lobe Str k turc Obtained With Equipment Des< rihed 
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It is important that ail items of data concerning each test be 
recorded thoroughly and accurately. Such items as VSWR. time of day. 
test equipment readings and s.nnlar data must be a part of the data 
record to avoid errors in the data reduction. 

Reduction of data can be done by the field team at the site or done 
at the home office, as prelerred. However, reduction should be done as 
quickly as possible after each test, in order that errors may be discovered 
and re-runs made, if necessary. Careful checking and double-checking 
is imperative since the correction of test procedure errors after the 
field team has left the site would be an expensive md difficult undertaking. 

6.4 UTILIZATION OF TEST EQUIPMENT 

To perform spectrum signature measurements over the range of 
10 xts to 12 kmes requires a large amount of expensive, specialized 
equipment. To keep expenditures for equipment to a minimum, it is neces¬ 
sary to critically review the capabilities of test equipment on hand and 
attempt to improve these capabilities by combination, modification, and 
experimentation. For example, at frequencies above 4.2 kmes , experi¬ 
mentation showed that the gate output of a synchroscope on hand could be 
used to pulse modulate the CW signal generator built into the Polarad FIM 
equipment. This provides all of the versatility of standard signal genera¬ 
tors and thereby avoids additional expenditures. 

6.5 CALIBRATION OF TEST EQUIPMENT 

An important detail in spectrum signature work is calibration 
of test equipment. The large amount of equipment involved requires an 
extensive calibration effort before spectrum signature test work begins. 
Without this calibration, all or part oí the test data may be found to be 
inaccurate and unusable. Details of calibration procedures are presented 
in Volume 111. Appendix V. 

6 6 LOGISTICS PROBLEMS 

The logistics problems in spectrum signature measurements in¬ 
volve personnel, equipment, geography, weather, and. in the case of 
Department of Defense installations, the security of classified equipment 
and information. Selection of a test site is a critical aspect of any meas¬ 
urements program since poor s.te location may result in excessive ex¬ 
penditure of man-hours and time in making ar tenn.i pattern measurements. 
Poor weather, particularly freezing, snowy. < r rainy weather, will make 
>t difficult for test personnel to function eff < ¡ent.y. It is obviously not 
possible to make a selection if the character.st; s of a specific site must 
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be investigated or ,f the prime equipment is permanently installed and la 
one o. a kind. However, where possible, all ol the factors mentioned 
above should be considered before a t< st site is decided upon. 

At almost all test sites. spec .al circumstances exist requiring 
coordination with other groups In general, the spectrum signature test 
group will find that they must coordinate with great care with other groupa 
whe are involved in operation of maintenance of the system being tested. 
Only by such careful coordination can the spectrum signature project 
schedule be maintained without unnecessary lag time. 

6.7 familiarization with equipment to be measured 

Spectrum signature test personnel should become familiar with 
the physical layout of the system to be tested. The time spent in this en¬ 
deavor will be repaid by a reduction of the setup and measurement Ume 
required for the spectrum signature tests. There wHl also be a reduction 
in the possibility of erroneous measurements. Some of the more sophis¬ 
ticated electronics systems occupy large buildings. Test points are lo¬ 
cated throughout the system and related parts under test are often on dif¬ 
ferent floors. Thus, it is desirable that the cooperation of the operating 
and maintenance personnel be secured for the tests The successful es¬ 
tablishment of a close working relationship with site personnel may mean 
the difference between success and failure it. the undertaking. All of the 
personnel participating in these measurements should be thoroughly trained 
and familiar with the equipment. 

6.8 RADIATION HAZARDS 

The Army. Navy, and Air Force have chosen 10 milliwatts per 
square centimeter as the time average power intensity not to be exceeded 
in the exposure of personnel to radio frequency energy Radiation hazards 
are becoming of greater significance, particularly in the case of the new 
very high power radars with very narrow concentrated antenna beams. 
Ai a matter of routine, radiation hazard measurements should be made 
before conducting tests. In particular such measurements should be 
made when testing is being done near antennas or in the ■mmediate vicinity 
of high-power RF generators waveguides, and couplers X-rays emitted 
from high-power RF generators have also h.en found to he specific haz¬ 
ards to personnel. It n ay be necessary, under sone circumstances. to 
establish special test setups to protect personnel. (See Volume I. Chapter 
5. and Volume II, Chapter 6. ) 
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6.9 FUTURE TECHNIQUES 

Ah the spectrum signature programs gain more impetus, it is 
inevitable that additional problems will be found even while we develop 
better solutions to old problems. Much work remains to be done in equip 
ment development as in test procedures. In particular, the data record¬ 
ing and reducing aspect needs additional attention. The large amount of 
data required for each spectrum signature, when multiplied by the total 
number of systems, means that improved data handling procedures are 
desirable to reduce cost and time factors. As technical personnel becom 
more experienced, such procedures are certain to evolve. 
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TEST LOCATIONS AND 
ENVIRONMENTAL ELECTRONIC DATA CHAPTER 8 

I. GENERAL 

Interference measurement* conducted under deal concilions 

should be performed in a shielded room to insure that the ambient elec¬ 
tronic environment dues nut affect the measurements Although shielded 
room measurements arc realistic for c mponents and small assemblies 
or sub-assemblies, mca«ur ernem s ire frequently required on systems 

that cannot be put into a small shiel led ent iusure due to size limitations. 
In addition, measurements may be req i.rrd in the tar I eld of the equip¬ 
ment being tested Thus, many measurements may be necessary at out¬ 
door locations, and it is then essentia. to insider the effect of the sur-
rounduig objects and signals emanating from other equipments in the area 
This chapter presents information concerning selection and character¬ 

istics of test locations and discusses acquisition. of environmental elec¬ 
tronic data 

2. SURROUNDING OBJECTS 

The electromagnetic field intensity at a specif.cd location due to a 
particular emitter is a function of the radiated power, the frequency of the 

received signal, the distance from the transmitter the attenuation over the 
path between the transmitter and rnrivt r. reflections and re radiations 
from nearby conductors such as power lines, wire fences and steel struc¬ 
tures. absorption by trees and other vegetation, and var. jus effects pro¬ 
duced by the local terrain, both natural and man made. Thus, the selec¬ 
tion of a site for the performance of RFI measurements should be made 
only after a thorough investigation inl<> each of the abóte considerations. 

The ideal site would be on open. flat terra .n at a considerable 
distance (1000 feet or more) from buildings, electric 1 *es, fences and 

hil.s Even buried cables can cause serious effects at .uw fretuenues 
since the lower the frequency, the greater the depth of ground penetration 
Ideal sites are rare in the more populated sections of the country. It is. 

therefore, good practice to check a proposed location by taking measure¬ 
ments on the desired signal at several points tn the vic.rity Lt the same 
value of field intensity xs obtained at each of the points, any one may be 

considered satisfactory. If it is necessary to use an unsatisfactory site, 
a scries of readings should be recorded at a number of deferent points in 
the neighborhood of the selected site In any case, descriptive notes on 
the site conditions should be appended to the recorded data 



There are no fixed ruler >o govern the mínimum, distance between 
the field intensity measuring equipment and the nearest extraneous objects 
since some possible effc-ts ar.. impr edie table Some sites have been 
found to be satisfactory for .ow-frequeocy measurements where this dis¬ 
tance was as small as 100 feet. A check of the location should always be 
made if any doubts exist. Consideration must necessarily be given in site 
selections to the possible presence of local electrical interference sources 
which may make field intensity measurements difficult. 

3. SPECTRUM SEARCH 

In addition to determining the physical layout of the area surround¬ 
ing a site, the electromagnetic environment must be known to distinguish 
between signals originating ir on Ihr equipment under test and spurious 
..gnats originating from other equipment A practical and effective method 
for determining the electromagnetic environment is to conduct a detailed 
spectrum search A spectrum search 1. defined a. a scan of the applicable 
frequency spectrum to determine ch.- magnitude, frequency, and source 
and/or location I if possible) of signals capable of being received at the tea 
site The following paragraphs discuss the various aspects of spectrum 

searches 

3 1 USE OF A SPECTRUM SEARCH 

Information obtained from a spec t-im search .s useful in the fol-

lowing applications 

, Providing Data Nece»siry for Site Selection 
b Supplementing Communication-Electronic Census Surveys 
C Locating an Unknown Transmitter 
d Documenting and Describing the Electromagnetic Ambient 

Ri' ambient measurements complement a combined C-E popula-
, on census and tabulation of manufacturer's nominal equipment characler-
>stics The nominal equ.pmenl characteristics are determined by visits 
to various equipment sites, and reference to equipment characteristic files 
and other information. Together, both nommai and empirical data make 
it possible to determine a more comprehensive picture of the C-E electro-
magnetic environment. 

Although a comprehensive C-E population census may be conduc¬ 
ted additional and previously .mkrown transmitters will probably be re-
vealed in th e spec t rum sea i h I h.-e transmitters may be mobile, and 
thus it IS very unl.kely that any aud tiunal C-E census will reveal their 
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accurate locatton» However, a well equipped mobile laboratory capable 
of obtaining fixes using direction finding equipment and techniques can 
accurately locate the source of such transmissions 

The information obtained thr< ugh a spectrum search is also use¬ 
ful in documenting and describing the electromagnetic ambient environ¬ 
ment. Although the detail of documenting an ambient environment varies 
with the user s requirements, a minimum number of measurements must 
be made to determine the overall ambient environment. For example, 
users that must operate in low "noise areas must have the site ambient 
documented at least to the extent of detailing the sources that contribute 
to the ambient level. This will enable the user to suppress, eliminate, 
or control those sources that add to the ambient level, e.g., powerline, 
ignition, machinery, medical, instrumentât-on. etc. 

3. 1. 1 DETERMINING AN RF AMBIENT ENVIRONMENT 

The factors, which will des« ribe the RF ambient environment 
desired, must be delineated before a measurement program schedule and 
data gathering/reduction procedures car. be formulated. Basically, a 
four-dimenslonal model of a C-E environment is needed, i.e. . power 
density vs radio frequency vs spatial location vs time. This requirement 
sets the stage for all subsequent effort in this area. 

During a spectrum search, measurements should be made at 
predetermined frequencies and time intervals to determine the broadband 
ambient level at the measurement site. 

Figure 8-1 is a data sheet of a hypothetical spectrum search cum 
pleted in a two-hmir search of the frequency range IOC to 10.000 me Sim 
liar data would be gathered in each two hjur time period of a spectrum 
search If the primary emphasis is on broadband interference instead of 
narrowbanc signals, the receivers would be tuned off all signals and the 
ambient level would be recorded. The r. t ulumn would be used to 
«ist nguishthetypeofamb-entno.se e . igmuvn. powerline. machin¬ 
ery, etc . 

figure 8-2 is a hypothetical power spectral density vs radio fre¬ 
quency plot for one particular time in rcment as existing at a particular 
intercept site The lower line slop.ng jp to the right corresponds to a 
hypothetical measurement receiver sen. ttr. ty of -8Ü dbm for a 1 me 
bandwidth receiver and an ommd«rectiunal antenna. Sim.lar plots should 
be prepared for each spectrum search conducted 



Figure 8-1. Typical Spectrum Search Conducted During A Z-Hour Period 
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Figure 8-2. Typical Example of Data Resulting From A 2-Hour Spectrum Search 
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3. 1.2 PRIORITIES AND TYPES OF MEASUREMENTS 

It would be desirable to document thousands oí instantaneous 
views oí all signals in a spectrum as a function of time and frequency in 
order to obtain a complete and valid statistical model This, of course, 
is impossible to do for a number of reasons (1) tune required to search 
the spectrum and to document the pertinent data. (2) time required to re¬ 
duce data and plot results. 31 cost and logistic factors, and (4) time 
scheduling and priorities. Like ail real problems, a trade-off and point-
of-no-return must be determined Thus, a minimal effort program can 
be defined as documenting the RI electromagnetic environment and iden 
tifying. to the extent practical ei<b emitter for 

a At least one site as near to the equipment or equipments as 
practical and at a measurement antenna height as near as practicable to 
the centerline of the antenna associated with the equipment(i) 

b A single 45 degree diagonal polarization of the measure¬ 
ment antenna in order to be receptive to nearly all polarizations 

c. In the case of scanning radars, the associated intercept 
should correspond to the condition of the nearest approach of the radar 
antenna beam direction to the measurement antenna in any 30-second 

search interval. 

d. The time interval to measure and record the data should 
not exceed two hours per decade Twelve approximately equal time intei 
val samples should be made over each 24-hour period. These measure¬ 
ments should be conducted during both the midweek and the weekends 

The above will result in at least 24 spectrum plots (assuming one 
search on a weekday and one on » wee kend). This statistical sampling can 
then be summed up and molded nto a graph that contains the mean value, 
standard deviation, and the upper and lower values obtained for each emit¬ 
ter The probability that emitter R is on the air may be expressed by 
PR = N/24 where N is the number of tunes that the signal was received 
in the 24 spectrum searcher 

The probability of each equipment being un the air in any given 
24-hour period should be plotted. From this information, a determination 
can be made concerning the amount of interference to be expected from a 
given transmitter. For example, if an emitter is rarely on the air. it can 
rarely cause interference, if at all. Figure 8-3 illustrates a typical proce 
dure for performing a 24-hour spectrum search. The preferred equipment 
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for uie in performing a spectrum search are field intensity meters and 
their associated equipment". Discussion of measurement techniques and 
instruments is contained in Chapters 3 and 4 of this Volume. 
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MEASUREMENT OF INSERTION 

LOSS OF FILTERS APPENDIX I 

This appendix covers 'cchmquc and p- x.rdur* for measuring the 
insertion lc«s of filters designed to operate in the frequency ringe oí 10 to 
'.OOO megacycles. Insertion loss is defined as rhe number of deribcis. or 
nepers. by which the current on the load side of a n« twork has been chanced 
by the insertion oí the filter. Since the < urrent through the lc id is reduced 
by the insertion of a shur.t path, load voltage a pr - .p-r t •ma te i y reduced, 
assuming a constant load. The ratio oí output c irrent with a shunt path to 
the output » urrent without a shunt path is équivalent to the ratio ci voltage 
ac r -nu the load with, and witho .t the shunt path. Fheretore. insertion I. ss 
i* measured more conveniently by the expression ¿0 Log F. E.. 

Accurate insertion loss measurement requires that the filter under 
test be inserted between source and load impedances which remain constant 
and arc known throughout the entire frequency range -X measurement. Iso¬ 
lation pads or attenuators are required to provide sufficient isolation be -
tween the filter under test and the signal generator, as well as the signal 
detector on the output side. This provides a constant and specific impe¬ 
dance to the filter at all frequencies A 50 ohm resistive network has been 
adopted for convenience, since 50 ohm cable and connectors are standard 
items. 

Figure 1-1 illustrates two arrangements for measuring insertion 
loss. The alternate method given in (b) is useful for obtaining measure 
merits up to 400 megacycles. The basic circuit, in (a>. consists of a cal¬ 
ibrated RF sine wave voltage source which supplies a signal through a 
coaxial transmission line and attenuator to the filter under test, then to 
another attenuator, receiver. with the final output registered on the out¬ 
put meter. In the process of obtaining data for measurement. as a first 
step, adjust the receiver gain for a convenient output indication of receiver 
fluctuation interference. Then apply power to the signal generator, and 
adjust the output indication I decibel above the interference level. This 
will give the output voltage, E., for the filter-out condition. After insert¬ 
ing the filter for measurement, first retune the r^reivpr to resonance, and 
again adjust the output of the signal generator for the same receiver output 
level as indicated on the output meter. This output of the signal generator 
yields the value of E s, and the insertion loss of the filler at the frequency 
oí measurement will be given by the expression 20 Log E>/E v

The accuracy of measurement will be affected by several factors. 
Error >s commonly introduced by the variation of impedance with frequency 



between the attenuators and filter under test. This is probably due to a 

slight mismatch between attenuator impedance and line impedance, and 

an impedance variation will occur at the points where the line connects 

to the filter unit Maximum variation would occur at the frequency for 

which the electrical line length is 1/4 of a wavelength or any odd multiple 

thereof. The attenuator may well have a frequency characteristic causing 

its impedance to vary with frequency, so that the impedance variation at 

the cable end will combine the two effects. The overall impedance varia¬ 

tion, up to 1000 megacycles, can be held to 20 percent of the low frequency 

value, allowing error of 1. 6 db. Up to 400 megacycles, these effects com¬ 

bine to produce an error less than 0. 2 db 

RC-^R/U Cable RG-SR U Cable 

(b) Alternate Test Circuit 

Figure I- 1 Circuit for Measuring Insertion Loss of Filters 

Some leakage from the signal generator, from poor cable, or from 

connectors may be picked up by direct radiation or by some unintentional 

coupling to the receiver antenna circuit. Properly shielded and filtered in¬ 

struments are the best possible solution to this problem. In the case of 

undesirable coupling occurmg with a given test set-up, receiver and signal 

generator must be separated as far as possible. To obtain good results, 
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make sure that all radio frequency connectors are tight, all cables are 
■well shielded, and then operate at a signal level and sensitivity which re¬ 
duces any possible extraneous coupling to a minimum 

Where multiple-filter circuits are to be measured, the procedure 
is to measure one section leaving all others open. Then measure the same 
section short circuiting all others. The short circuit connections shall be 
as abort and direct as possible. The lesser of the two measurements will 
be considered the insertion lose of the circuit at the test frequency. 





MEASURING THE RADIO-FREQUENCY 
IMPEDANCE OF BONDS APPENDIX II 

Insertion-I os a measurements, which indirectly supply informa¬ 
tion from which the impedance may be computed, are made in preference 
to the direct measurement of radio frequency impedances because of the 
many difficulties encountered in the latter. The insertion-loss ratio is 
defined as the ratio of voltages existing across a load impedance before 
and after connecting the two-terminal test impedances m parallel with it. 
The insertion-loss ratio of any specimen under test is given by the ex¬ 
pression. 

o I 
Insertion Loss Ratio - ! 1 ♦ ■ ■ 1 —■— ' (I) 

I 
The quantity Z represents the impedance of the specimen under test. Z b 

and Zr represent the source and load impedances respectively, as shown 
in Figure II- i. 

Figure FI-1. Equivalent Circuits Used Ln 
the Derivation of the Insertion-Ixiss Ratio 

The derivation of this expression can be obtained as follows. Let 
V, and V represent the voltage drops across the load impedance with and 
without the specimen order test connected, and E- and E, represent the 
generator voltages in each case. Then 

(2) 
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E, Z ZR 

z ( 2j ♦ ZR) ♦ zs ZR

When E. = E . » e . generator voltage constant, the insertion loss is 
as defined above. It is seen that the same expression is obtained when the 
load voltage is kept constant, i.e-.Vj = , and the generator voltage is 
adjusted accordingly This second method is used in practical measure -
ments. 

In test set-ups for measuring insertion loss, the source and 1 'ad 
impedances arc usually made resistive and equal to one another by means 
of isolation network pads. This simplifies the expression for the insertion-
loss ratio which is now given as -

Insertion Loss Ratio . 1 ♦ yy (> 

where R represents the equal resistive values. Furthermore, the resis¬ 
tive values are often arbitraily fixed at 50 ohms which changes the expres¬ 
sion to: 

I 25 I 
Insertion Loss Ratio I ♦ -y 

It must be recognized that the insertion-loss ratio as measured 
between 50 ohm resistors will not represent the achual insertion loss of 
the impedance under test when used between the wide range of impedances 
encountered m practice. However, as long as some standard for source 
and load impedances is accepted and consistently used, test results are 
significant and comparison of data is valid since there is a direct correla¬ 
tion between insertion loss and impedance. 

It is often convenient to use the insertion loss, measured in deci¬ 
bels. rather than the nsertion-loss ratio. 

Insertion Loss “ ¿0 Log jn 11 ♦ y, H) 
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Figure II-2 Schematic Diagram for Measuring Insertion L 

To make a measurement at any frequency the bonding jumper 
under test is removed from the circuit, a signal is introduced and the 
receiver output is recorded. The bonding jumper ia then inserted into 
the circuit, and the signal generator output ia raised until the same re¬ 
ceiver output is obtained. The ratio of the second generator output read¬ 
ing to the first is the insertion-loss ratio. 

To Isolation 
Network Pad 

Figure II-3. Method <>( Connecting Bonding Jumper to Studs 

Several precautions must be taken in order to obtain accurate 
results. The length of the open line between the extremities of the coax¬ 
ial cables must be minimized to prevent the introduction of an appreciable 
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value of inductance in series with the source and load impedances. This 
is conveniently accomplished by connecting the extremity of each coaxial 
cable to a connector. Each of the two connector« i« equipped with a stud 
no longer than 1/4 inch. These studs are connected directly when a meas¬ 
urement in the absence of a jumper is made. When a measurement is made 
with a bonding jumper present, they are firmly connected to the lug at the 
extremity of the jumper as shown in Figure II-l 

The lug at the jumper's other extremity is securely bolted to the 
ground plate. A fixed orientation with respect to ground for all test sam¬ 
ples must be ensured. This may be accomplished by securing the bonding 
jumper to a cylindrical, fiber mounting form as shown in Figure 11-4. 

Figure 11-4. Method of Connecting Bonding Jumper to Ground 

Difficulties due to the impedance of the ground path at high fre¬ 
quencies can be avoided by mounting the signal generator, the isolation 
network pad on the source side of the circuit, and the specimen under test 
on a fiber plate. This isolate;« the source side from the receiver aide and 
prevents the ground-path impedance from affecting the results. The return 
current path is. of • ourse, through the outer conductor of the coaxial cable 
Ln < rder to prevent a high capacity tu ground, which results in a low impe¬ 
dance by-pass, the fiber plate must not be less than !/4 inch thick. 
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DESCRIPTIVE DATA SHEETS OF 

INTERFERENCE TEST SETS APPENDIX III 

The following test equipments are described in this append:«: 

EQUIPMENT TY PE 

Field Intensity .Meter 

Noise-Field Strength Meter 

Field Strength Meter 

Noise-Field Intensity Meter 

Tv»' Set 

RF Indicator-Probe 

Radio Frequency Indicator 

Field Strength Meter 

Radio Test Set 

Radio Interference Measuring Set 

Radio Test Set 

Radio Interference Measuring Set 

Radio Test Set 

Field Intensity Meter 

Radio Interference Measuring Set 

Noise and Field Intensity Meter 

Field Intensity Meter 

Field Intensity Meter 

MILITARY COMMERCIAL 
DESIGNATION’ DESIGNATION 

TS-MRUP None 

TS-4 3¿. 1! None 

TS-579/U None 

TS-5R7 A'V Stoddart 
NMA-5A 

1*149 None 

ID-263/U None 

TS-446U None 

TS-509/UR None 

AN PRM-1A Stoddart 
NM-20B 

AN. URM-3 None 

AN/URM-6 Stoddart 
NM-^OA 

AN ' I’R M - 7 None 

AN/URM-17 Stoddart 
NM-SOA 

AN. URM-4Î Stoddart 
NM-40A 

AN/URM-47 Stoddart 
NM-30A 

None Empire 
NF-105 

None Empire 
NF- 1 12 

AN TRM-6 Po la rad 
FIM 
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MILITARY COMMERCIAL 
EQUIPMENT TYPE DESIGNATION DESIGNATION 

Radio Frequency Measuring Set AN/ URM*4¿ Studdart 
NM-60A 

Radio Interference Measuring Set AN'URM-138- Stoddart 
NM-62A 

Pickup Assembly TS-131/AP None 

Fluxmeter TS-I5/AP None 

Fluxmeter TS-15A/AP None 

Fluxmeter TS-15B.AP Marion 
MFM-2 

Fluxmeter TS-ISC/AP TIG 
S-OI 

Gaussmeter None Dyna-Labs 
D79 

Audio Level Meter AN/URM-38 Hickok 
900-0 79 
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FIELD INTENSITY METER TS-318/UP 
(METER. FIELD STRENGTH TS-3I8/LP) 

FUNCTIONAL DESCRIPTION 
A portable instrument used to measure field intensity and pulse repetition rate 

oí Loras signals and field intensity oí continuous waves It compares the incoming 
Signal against a measured pulse signal generated in the field intensity meter. The 
comparison is made by superimposing both signals on the vertical dellecting plates 
oí the cathode ray tube (visible on the front panel), adjusting the sweep rate so that 
the pulses remain stationary on the screen and adjusting the height of the calibrating 
pulse to the same height as the incoming signal By use of field intensity graphs 
the intensity of this signal is obtained from the vacuum tube voltmeter reading. The 
pulse recurrence rate is obtained from the reading of the sweep frequency dials 

The field intensity of continuous wave signals may be determined by measuring 
the amount of internally generated constart voltage necessary to give the same de 
flection as the received signal. 

All controls and indicators are located on the operating (front) panel. 



FIELD INTENSITY METER TS-318/UP 
(METER. FIELD STRENGTH. TS-318/UP) 

RELATIONSHIP TO OTHER EQUIPMENT. 
Similar to TS-635/UP except for frequency range 
Equipment required but not supplied: One vertical antenna, 10 to b0 feet high 

ELECTROMECHANICAL DESCRIPTION: 
Circuit Information Consists of a cathode ray indicator unit, a sweep generator 

unit, a signal generator unit and a receiver 
The sweep gene rator unit supplies voltages for the horizontal deflection plate $ 

and for synchronization of the calibrating pulses from the signal generator. A 
vacuum tube voltmeter ir.dicates the radio frequency level of the signal generator 
section output This output passes through an attenuator to the antenna where it 
is fed into the receiver section along with the incoming section picked up by the 
antenna. 

Power Supply: 115 volts AC, single phase , 60 cycles per second or 6 volts DC (in¬ 
ternal or external battery) or Power Supply Unit PP-287/U. 

Frequency Range. 1550 to 2500 kilocycles per second. 
Field Intensity Range: 50 microvolts per meter to 15 volts per meter with loop an¬ 

tenna, 1 microvolt per meter minimum with 60-foot vertical antenna. 
Pulse Repetition Rates 49. 300 to 50, 000 microseconds S (slow). 

39, 300 to 40, 000 microseconds L (low). 
29, 300 to 30. 000 microseconds H (high). 

Type of Reception: Continuous Wave. Pulsed. 
Receiver: Superheterodyne, 455 kilocycles per second, intermediate frequency 
Output Indicators Two-inch cathode ray tube for Loran or pulse, 0 to I milliam¬ 

peres DC meter for continuous wave 
MANUFACTURERS' OR CONTRACTORS' DATA: 

Washington Institute of Technology, Inc., 4810 Calvert Road, College Park, Mary¬ 
land; Contract No.NXsr-88850, 5 February 1 945 ; Co nt ract No. NObs 1-39362, 26 Ame 1947. 

TUBE COMPLEMENT 
1 JAN-2AP1A. 1 JAN-6X5GT/G. 2 JAN-6AK5, 1 JAN-6AL5. 3 JAN-6AS6, 1 JAN-

6AQ6. 1 JAN-6SA7, 1 JAN-OA3/V R-75, 1 J AN-OD3/V R- 150, 1 JAN-8016, 2 JAN-
9002, 3 JAN-9003. 
REFERENCE DATA AND I IT E RATURE: 

NavShips 91089 (Instruction Book). 
TO 16-35TS318-5 (Instruction Book). 

Over-all 
(Cu. Ft. ) 

D. H 
5. 2 

16-1/8 

24-1/4 2 9 
r - • E iui pm e nt P 

104 
90 
60 
80 

26-5/8 
27-1/4 

Weight 
Packed 
(Lbs ) 

16-1/8 
9-1/2 

No. of 
Boxe s Contents A Identification 

1 
1 
1 
1 

Field Intensity Mete r. 1 S-3 1 P 
Powe r Supply 
Storage Battery 
Spare Parts 



F IELD INTENSITY MITER TS-IH/fP 
(METER, FIELD STRENGTH, TS-318/UP) 

EQUIP ME N T SUPPLIED: 
Quant 
Per 
Eq'pt 

.1 Name and 
¡Nomenclature 

TCa.e 
Matl 

Stock (USAF 
Number, (Navy 

(Army _ 

Over-al 
Dimeniio 
(inches 

1 
ne 

v/eight 
(Lb., ) 

1 Field Intensity 
Meter, TS-3iaÁn 
Including: 

7CAC-5Z6Z45 
F17-M-Z33Z8-6 >46 
3F4325 31 8 

1 Field Intensity 
Mrter, IM-IC/UP 

'¿Alum¬ 
inum 

14-27/32 19-15/16 11-1/8 50. 9 
1 Antenna As¬ 

sembly, AS-377/Ù 
Z8-1/4 12 1-3/16 5. 5 

1 Antenna Coupler 
CU-142/U 

4-3/4 3-15/16 1-11/16 0. 7 
1 Power Supply 

Less Battery 
PP-287/U 

11-7/8 20-9/16 1 1-1/16 37. 0 

1 Storage Batte ry 
6V-SBM-50AH 

9-1/2 10 7-1/4 40. 0 
1 Adapter Signal 

Generator Output 
CWI-62408 

1 Power Cable As¬ 
sembly CWW>2407 
(inter unit) 

78 
long 

1 Power Cable 
A ssembly 

1 Video Output 
Cable Assembly 

1 Exte rnal 
Synchronizing 
Cable Assembly ; 

1 Eye Shield 
1 Battery Cabled♦) 
1 Batte ry Cable(-) — — 
1 Set Calibration 

Charts 
z Instruction Book 
1 Spare Parts 12 18-1/16 12 45. 0 

_ - Electronics Te at Equipment - TS-318/UP 





NOISE-FIELD STRENGTH METER TS-432/U 
(METER. FIELD STRENGTH, TS-432/U) 

FUNCTIONAL DESCRIPTION 
A portable general purpose, Leid and depo; radio interference and field strength 

meter, used for measurements of carrier voltages and fields, interference voltages 
and fields, signal-to-noise ratio, voltages on lines and conchictors, antenna field 
patterns, filter characteristics, localization of noise sourcet and interference re¬ 
duction means, and all kinds of radio interference fields 

The tuning dial is graduated in megacycle» while the output meter scale reads 
directly in microvolts the value oí the voltage applied to the input 

RELATIONSHIP TO OTHER EQUIPMENT: 
Similar to Ferris Model 32-A Radio Noise and Field Strength Meter 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: A single radio frequency stage feeds into a combination mixer 

AIR FORCE NAVY army 
TYPE CLASS. 
STOCK NOS. 1600-326196000 F17-M-23304-5347 3F2728-1 
PROCUREM 'T INFO. : Navy Specs RE I 3 A678 and R E 1 3 A678 B. 
PROCUREM 'T COG. Navy DESIGN COG. : Navy. BuShips 
F.I.I.N.: FUNCTIONAL CLASS. NO. 5.1.1 
_ - Electronic aT est E qui pm e nt - TS-4 3 2/U 

AADC Cirll FiMaruk Salteada M4 MuKUItted ta U £ 



NOISE-FIELD STRENGTH METER TS-432/U 
(METER. FIELD STRENGTH, TS-432/U) 

ELECTROMECHANICAL DESCRIPTION. (Continued) 
and oscillator. This is followed by two intermediate frequency stages and a de¬ 
tector. There is no audio frequency stage The circuits are designed for com¬ 
pactness ano simplicity of operation 

Power Supply Normally supplied with small dry battery pack (32 BPI). Large bat¬ 
tery pack, AC power park, or 115 volt. 60 cycles per second, rectifier packs 
may be obtained by special order. 

Frequency Range: 150 to 350 kilocycles per second and 550 to 20. 000 kilocycles per 
second in five bands : 150 to 350 550 to 1550, 1550 to 4000, 4000 to 10, 000, 10, 000 
to 20, 000 The gap is for the intermediate frequency of 455 kilocycles per second. 

Voltage Range: i to 1000 microvolts and 100 to 100, 000 microvolts 
Field Intensity Range: 2 to 200, 000 microvolts (with standard antenna). 
Standard Time Constants Charge 1 0 milliseconds, discharge 600 mill ¿seconds 
Sensitivity I microvolt. 
Calibrating Source: Internal shot noise diode oscillator (calibration curves are sup-

plied). 
MANUFACTURERS' OR CONTRACTORS' DATA: 

Ferri« Instrument Company. Boonton. New Jersey; Approximate Cost per Unit. 
$500. 00 
TUBE COMPLEMENT: 

3RETMA-D5GP. 1 RETMA H6G. 1 JAN-5Y3GT. IRETMA-C7G. 1RETMA-H4G. 
1 JAN-6SJ7. 1 RETMA-BI. 1 JAN uL6. I TAN-991. 
REFERENCE DATA AND LITERATURE: 
SHIPPING DATA: . -
No. of 
Boxes Contents 6 Identification 

Volume 
(Co. Ft.) 

Overall 
Dimensions 
(inches) 

Weight 
Packed 
(Lbs.) 

H w D 
Noise-Field Strength Meter 
TS-432/U 

2H 
_1 

1 -----
rntitPMENT SUPPLIED: ---, 
Quant. 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAF) 
Numbc r s (Navy ) 

(Army) 

Overall 
Dimension* 
(inches)_ 

Weight 
(Lbs.) 

H D 

1 Noise -Field 
Strength Mete r 
TS-432/U 

1600-326196000 
F 171.1^3304-5347 
3F2T2S 1 

13-1/4 7 12 22 

1 Telescoping 
Rod Antenna 

41 
long 

1 
ITS-4 32/U _’ Llert rõ nir S lest Equipment -_ 1 



FIELD STRENGTH MEI ER TS-579 U 

FUNCTIONAL DESCRIPTION: 

A portable, general purpose, field intensity meter, designed for measuring field 

intensities of radio transmitters operating in the HF and VHF spectra for the pur¬ 

pose of checking antenna efficiency, coverage, service area, and also for carrying 

out research work or propagation studies. The instrument may be used in conjunc¬ 

tion with a standard recording meter for making records of the variation in signal 

intensity and may also be employed with a noise meter attachment for indicating the 

noise level on any particular radio frequency channel. The instrument is designed 

to provide either linear or logarithmic output to facilitate recording. It has been 

deaigned particularly for fle*d use and is arranged for convenient operation and for 

carrying from one location to another The ir «trament requires the use of calibra¬ 

tion curves, which are supplied for converting readings into field intensity values 

RELATIONSHIP TO OTHER EQUIPMENT: 

This instrument is similar to RCA Type 501-B Held Intensity Meter. 



FIELD STRENGTH METER TS-579/U 

ELECTROMECHANICAL DESCRIPTION: 
Circuit Information: A local oscillator provide« a calibrating voltage source. Its 

voltage 1« put across the transmission line coming from the doublet. A super¬ 
heterodyne receiver unit 1« used. Automatic volume control is used on the three 
stage IF am plifier to obtain a logarithmic output characteristic. The diode sec¬ 
ond detector output Is amplified by a triode DC amplifier which drives the output 
meter. 

Power Supply: Vibrator and Battery, 6 volts, DC, at 4 amperes load. 
Frequency Range: 18 to 125 megacycles per second in 3 bands. Tuning dial ratios 

of 30 to 1 and 5 to 1. 
Type of Reception: Continuous Wave, Modulated Continuous Wave. 
Field Intensity Range : 10 to 500, 000 microvolts per meter and 50to 2, 500, 000 mi-

crovolts per meter. 
Output Scale: 

Linear: 10 to I or 20 decibels. 
Logarithmic: 100 to 1 or 40 decibels. 

Output: 
Audio: Operates phones or noise meter 
Recorder: Operates any recorder of ‘ milliamperes and 560 ohms maximum re¬ 

sistance. 
Antenna: Doublet in 6 sections, 4 fixed and 2 variable sections of stainless steel. 

Variable sections cover frequency range down to 37. 5 megacycles per second. 
Antenna Support: Bakelite tripod adjustable to 137 inches 
RF Transmission Line Length 30 feet, 2 wire shielded, rubber covered line 
Accuracy: *10% of indicated field intensity. 

MANUFACTURERS’ OR CONTRACTORS' DATA 
Radio Corporation of America. Camden, New Jersey. 

TUBE COMPLEMENT: 
2 JAN-955, 3 JAN-6K7. I JAN-0D3, 1 JAN-9^4, 1 JAN-6R7. 

REFERENCE DATA AND LITERATURE: 
TO 16-35TS579-3 (Field Strength Meter) 



FIELD STRENGTH METER TS-579/U 

EQUIPMENT SUPPLIED: 
Quant 
Per 
Eq'pf 

Name and 
Nomenclature 

Ca.e 
Mat'l 

Stock (USAF) 
Numbers (Navy ) 

(Army) 

Over-all 
Dimensions 
(inches ) 

Weight 
(Lb. ) 

H W D 
1 Field Strength 

Meter 
TS- 579/U 

Alum¬ 
inum 

7CAC-526225 

3F33O9 -1 

13 20-3/8 9-1/4 38 

1 Vibrator 
Power Supply 

Alum¬ 
inum 

14-3/4 13-1/4 7-1/4 16 
less 
battery 
36 
with 
batte ry 

1 Accessory 
Case 
Including: 

Fiber 
and 
Wood 

12 39 7-3/8 ¿4 

1 Dipole 
Antenna 

1 Antenna 
Support 

1 Shielded RF 
T ransmission 
Line 

_ - Electronic » Teil Equipment - TS-579/U¡ 





NO ISE-FIELD INTENSITY METER TS-587A/U 

FUNCTIONAL DESCRIPTION: 
A field and depot equipment used to locate and measure RF interference and to 

make field strength measurements. It can be used as a two terminal sensitive volt¬ 
meter. A tripod is furnished for mounting the antennas. Signal monitoring pro¬ 
visions are available from the phone jacks. Measurements can be made with the 
receiver in terms of the peak value of the interference (the PEAK function), in terms 
of a weighted value (the QL’ASl-PEAK function), or m terms of the average value 
(the FIELD INTENSITY function). The measurements arc made using the panel¬ 
mounted meter or the remote meter jacks. The meter scale is directly calibrated 
in microvolts, decibels, and arbitrary units of "shot noise". Arbitrary units of 
'shot noise" are used only in the calibration procedures of the equipment. By use 
of correction curve furnished with the equipment, the meter readings can be cor. 
verted to microvolts per meter. 

RELATIONSHIP TO OTHER EQUIPMENT 
Similar to the Stoddart Model NMA-5A 



NOISE-FIELD INTENSITY METER TS-587A/U 
ELECTROMECHANICAL DESCRIPTION: 
Circuit Information: It is a high-sensitivity HP' and VHF superheterodyne radio re¬ 

ceiver which rontaina internal means for calibrating its VTVM section. Four dec¬ 
ade steps of attenuation are inserted between the antenna input and the RE bead. 
The output signal of the attenuator is fed to the RF head, where it is amplified 
and mixed with the local oscillator frequency, producing the intermediate fre¬ 
quency. The IF signal is amplified in four IF stages and demodulated in the de¬ 
tector stage. Tbe demodulated signal is acted upon by the mete r detector weight¬ 
ing circuits and applied to the VTVM stage, thus actuating the meter. The audio 
components are subsequently amplified and delivered to the headphone jacks. 

Power Supply: 115 volts, ±10%, AC. single phase, 60 cycles per second, 0.96 am¬ 
peres at 92% power factor. 

Frequency Range: 15 to 400 megacycles per second in four bands. 
LF Head: 15 to 31, 29 to 64, 60 to 125 megacycles per second. 
HF Head: 100 to 400 megacycles per second. 

Intermediate Frequency: LF Head: 12 megacycles per second. 
HF Head: 30 megacycles per second. 

Voltage Scale: 0 to 100 microvolts. 
-6 to 40 decibels. 
0 to 8 arbitrary units of shot noise. 

Input Voltage Range. 2 to 100,000 mirrovolts. Balance resistance attenuator with 
steps of. XI, X10, X10 , and Xio\ 

Receiver Output: 200 milliwatts maximum. 
Input Impedance: 95 ohms, balanced to ground. 
Output Impedance: 300 or 4000 ohms, for headphone. 
Sensitivity: Two-terminal Voltmeter: LF Head. 2 microvolts. 

HF Head: 5 microvolts. 
Field Intensity Meter: LF Head: 20 microvolts per meter. 

HF Head: 5 microvolts per meter. 
Bandwidth: LF Head: 150 kilocycles per second at 6 decibels down. 

HF Head: 210 kilocycles per second at 6 decibels down. 
MANUFACTURERS' OR CONTRACTORS' DATA: 

Stoddart Aircraft Radio Company, 6644 Santa Monica Boulevard, Hollywood 38, 
California, Contract No. NObsr-30088, dated 15 June 1946, Contract No. NObsr-
30140, dated 21 June 1946. Contract No. NObsr-30200, dated 26 June 1946,Contract 
No. 39272, dated 27 June 1947. 
TUBE COMPLEMENT 

RF-36/U: 2JAN-6AK5, 2JAN-6C4. 
RF-37/U 2 JAN-6J4. 1 JAN-6J6, 1 JAN-9002. 
AM-194/U: 1 JAN-6AL5, 1 JAN-6AQ6, 4JAN-6BA6. 
AM-195/U: 1 JAN-6AL5, 1 JAN-6AQ6, 4JAN-6SG7. 
PP-267/U: 1 JAN-OD3/VR-150. I JAN-5Y3GT/G, 1 JAN-6H6, 1 J AN - 6J 5GT/G, 

I JAN-6LbGA, 1 JAN-6SJ7, 2 JAN-6V6 or 6V6GT/G. 

I TS-Sé^A/Ú ' F Equ.pnifnt - __23 



NOISE-FIELD INTENSITY METER TS-587A/U 

REFERENCE DATA AND LITERATURE: 
Navships 900. 990 (Instruction Book). 

SHIPPING DATA: 

E QUIP MENT SUPPLIED: 

No. ol 
Boxes Contents & Identification 

Volume 
(Cu. Ft.) 

Overall 
Dimensions 
(inches) 

Weight 
packed 
(Lb..) 

H w p 
1 

1_ 

Noise-Field Intensity Meter 
TS-587A/U 

3. 53 

__ . 

36 

_ 

47 3b 330 

Quant. 
Per 
Eq'pt 

Name and 
Nomenclature Mat'l 

Stock (USAF) 
Numbers (Navy ) 

(Army) 

Overall 
Dimensions 
(inches) 

Weight 
(Lbs.) 

H w D 
1 Noise -F leid 

Intensity Meter 
TS-587A/U 

F J 6-T-20 141-9606 
15-yib 21-1/2 29-1/2 64 

1 Canvas Cover ¿ 
1 Equipment Case 

CY-606/U 
Containing: 

16-C-170001-254 
15 40 9 53 

(w/coir 
tents) 

1 Radio 
Frequency Head 
RF-36/U 

15-C-12161-100 
6-1/2 17-1/2 14 

1 Inte rmediate 
F requency 
Amplifie r 
AM-194/U 

16-A-32246-2934 
4-1/2 13-1/2 5 

1 Dipole 
Antenna 
AS-385/U 

16-A-45177-9701 long 

2 Dipole Mast 
Section for 
AS-385/U 

33 
long 

1 Loop Probe 
MX-822/U 16-A-45883-2134 

8-3/4 
dia. 

1 Measui Ing 
T ape 
CADV-10671 

16-T- 19041 - 1001 
2 1-3/4 3/4 

(Cot tinued) 
- Electronics Test Equipment - TS-587A/U 



NOISE-FIELD INTENSITY METER TS-587A/U 

EQUIPMENT SUPPLIED: (Continued) 
Quant. 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAF) 
Numbers (Navy ) 

(Army) 

Over-all 
Dimensions 
_ (inche»)_ 

Weigkt 
(Lb., ) 

H W D 
2 Instruction Book 

Navships 
900, 990 

1 Accessory Ose 
CY-607/U 
Containing 

1 60170001-255 
15 40 9 40 

(w/con-
tents) 

1 Dipole 
Antenna 
CADV-66151-A 

"1 44 
long 

2 Dipole Mast 
Section for 
CADV-66151-A 

1 Loop Probe 
MX-821/U lb-A-45902-1 1 34 

5-1/2 1-17/32 
dia. 

1 Line Probe 
CADV-491087 lb-P-87007- 1041 

5-3/8 2-1/4 
dia. 

1 Antenna 
T ri pod 
CADV- 10545 

1 b-T-802001 - 107 
37-1/2 3-13/16 

dia. 

1 Matching 
Impedance 
CADV- 47 1228 

16A-22081 -1007 
2-5/8 1-23/32 

dia. 

1 Input Cable 
CG-444/U 1 b-C-12400 -46 16 

72 
long 

1 Power Cable 
-—-- Total; 159. 0 

T S - 5 8 7 A/U_ * E 1 e c t r on»c »Test Equi pment - _j 



I ES I SEI 1-149 
(MIXER STAGE 1- ' 49) 

FUNCTIONAL DESCRIPTION' 
A portable, general purpose, field str eng th mete r u sed to measure relative trans¬ 

mitted field strength of radio and radar sets within its frequency range. Indication 
is or. a meter dial in microamperes. This meter is used ir organizational and field 
maintenance, 

RELATIONSHIP TO OTHER EQUIPMENT 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: Es sentia Ily thi s instrument is a half-wave diode rectifier which 

rectifies pulse voltage and indicatcsthe rectified soitagv on a DC microammeter 
Thi* value is proportional to the strength of the electric field at the receiving 
point. 

__ (Continued) 
AIR FORCE T NÃVY T ÃRÑTY 

J YPL ' : ÃSS _ 
i ► 4 ! 4 ' 

• ' ! NH)._ A - m . 2 S-D- I 1 I _ 
[PHOCIHEMT COG ■ USAF ""DESIGN C0c7~ "USAF. I' 
[F.l I N " _ FUNCTIONA1 CLASS. NO. : ‘ 1.^ 
J__i- ■ ' r ■ I. s T f s t F. q . : . ; 

<I$AFm< M >■ • • * f I •» ini «•Alt«»»« b. W ADC A RDC . I>U lulf. 



TEST SET 1-149 
(MIXER STAGE 1-149) 

ELECTROMECHANICAL DESCRIPTION: (Continued) 
Power Supply. One internal Battery BA-65 (6 1 volt», DC). 
Frequency Range: 100 to 11Z megacyclea per second 
Current Range: 0 to 200 microampere«, DC; 0 to 600 microampere«, DC. 
Field Intensity Range: Relative. 

MANUFACTURERS' OR CONTRACTORS’ DATA: 
Eapey Manuiacturing Company, Inc., 528 East 72nd Street, New York 21, New 

York; Order No. 995-SCRL-42. 
Viewtone Company, Inc., New York, New York; Order No. 103-MPD-44; Approx¬ 

imate Coat per Unit, $125.00. 

TUBE COMPLEMENT: 
1 JAN- 1N5GT/G. 

REFERENCE DATA AND LITERATURE: 
TO 16-40RC70-2 (Operating Instruction« (or Teat Equipment RC-70-A). 

SHIPPING DATA: 
No. of 
Boxea Content* k identification 

Volume 
(Cu.Ft.) 

Overall 
Dimension* 
(inches) 

Weight 
Packed 
(Lbs.) 

H w D 
1 Teat Set 1-149 

(Shelf Package) 
0. 19 8 8 5 5.9 

I- 1 49 _- Electronic» T eat E^uip m e nt -

ÍQU1 PMENT SUP plie Dj_ 
Quant. 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Slock (USAT) 
Numbers (Navy) 

(Army) 

Overall 
Dimensiona 
( Inches) 

Weight 
(Lbs.) 

H W D 
1 T est Set 

1- 149 
Sheet-
iron 

7CAC-528231 

3 F 41 49 

6 6 2-3/4 3. 0 



RF IND ICA T OR-P ROB E ID-263/U 

FUNCTIONAL DESCRIPTION: 
A general purpose probe used to Indicate the presence of RF fields of relatively 

large magnitude such as exist around transmitters. An extension rod which slips onto 
the tip oí the probe is provided Ln order to reach into a deep chassis or into high 
voltage areas. When the extension rod is used, it normally increases the sensitivity 
of the unit , 

RELATIONSHIP TO OTHER EQUIPMENT: 

ELECTROMECHANICAL DESCRIPTION: 
Circuit Information: When the unit is placed Ln an RF field, dielectric or capacity 

currents flowthrough the coupling capacitor. On the positive half cycle the capa¬ 
city current flows through a germanium diode to the instrument frame, and then 
through the operator's hand capacity to the operator, and back into the field. This 
prevents the coupling capacitors from assuming a DC charge. On the negative 

_ _(Conti n u e d ) 
ÀiR Force NÀVY aAMY 

TYPE CLASS. 
STOCK NOS. 7C.AC-hS7MS F17-P-a4ßai.7h7f» 1F171l-Jil 
PROCUREM T INFO. : N.w Sn-r CS.H» 
PROCUREM T COG. : Navy DESIGN COG. : Navy, BuShips 
F.l I.N ; FUNCTIONAL CLASS. NO. : 5.1.2 

- Electronics Test Equipment - LD-263/U 

U'lL rrrtKUL 144 -MSlUMMIaLii 



RF INDICATOR -PROBE ID-263/U 

ELECTROMECHANICAL DESCRIPTION: (Continued) 
half cycle the current flows through a second diode and DC meter which indicates 
the magnitude of this current. 

Power Supply: None. 
Frequency Range: 100 kilocycles per second to 400 megacycles per second. 
Sensitivity: 25% full scale for one volt per meter of RF field applied to tip of probe 

at 3. 5 megacycles, 5 volts per meter for 2b% full scale at 30 megacycles with 
extension rod in RF field; 200 microamperes full scale for meter. 

RF Signal: 10 volts maximum across crystal diode. 
Meter Range 0 to 100 (arbitrary scale); 10 scale divisions 

MANUFACTURERS' OR CONTRACTORS' DATA 
Radio Frequency Laboratories, Inc. , Boonton, New Jersey; Type H-23b0; Navy 

Contract NObsr-42100 dated 17 February 1948, and Navy Contract NObsr-49181 
dated 1 June 1950. 

TUBE COMPLEMENT 
2 JAN-IN34 (Crystal Rectifier). 

REFERENCE DATA AND LITERATURE: 
NAVSH1PS 91146 (Instruction Book for AN/USM-J). 

No. of 
Boxes 

* ~ ~-

Contents It Identification 
Volume 
(Cu.Ft.) 

Overall 
Dimensions 
(inches) 

Weight! 
Pecked 
(Lbe.) 

H W D 

1 RF Indicator - Probe 
ID-263/U 

0. 028 8 3-1/2 1-3/4 0. 375 

EQU 1 ’RENT SUPI ’LIE 0:___-, 
Quant. 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAF) 
Number, (Navy) 

(Army) 

Ove rail 
Dimensiona 

(Lnche s) 

Weight 
(Lba.) 

H W D 
1 RF Indicator-

Probe 
ID-263/U 

Plas¬ 
tic 

7CAC-657535 
Fl 7-P-84 881-7676 
3F3711-263 

6 1 
dia. 

0. 156 

1 Extension Rod 
0-904 
— 

5 
long 
— 

0. 03 1 

ID-263/U_- Electronics Test Equipment -____ 



RADIO FRtQUENCY INDICATOR TS-446/U 
(INDICATOR. ELECTRICAL, POTENTIAL. TS-44Ó/U) 

FUNCTIONAL DESCRIPTION: 
A pocket sue. pencil type indicator consisting oí a neon bulb enclosed in alucite 

tube designed to indicate the pre sence oí stray radio frequency fields from all types 
of radio and radar transmitters May also be used to provide a high voltage check 
on Power Transformers, etc . without the danger of shock. 

RELATIONSHIP F O OTHER EQUIPMENT 

ELECTROMECHANICAL DESCRIPTION 
Nominal Watts 1/4 (NE-2) watts 

MANUFACTURERS' OR CONTRACTORS’ DATA 
Star Measurements Company. 442 East 166th Street. New York 56, New York; 

Order No. 48-3138; Approximate Cost per Unit, $. 40. 
___  ( C o n 11 n u e d ) 
_ ' AIR FÖRCE~ ~T~ NAVY ARMY-
TYPE CLASS.! Stand a r d 
ST O C K NO5. I 7 CAC>4 397 2 5 ] 3^432^446 
PROCUREM 'T INFO,: USAJ- D^g~ No%X4 H 4 0 ■ j ï 4 A4Û68O 
PROCUREM 'T COG ; US AF  1 ) F Ar ! ( ; \ ( ( H '. r s Â r ar'l 
? ! 1 N :_ F UNC TIONA L C LASS. NO.: 5 1.2 “j 
_ Ei ’ ’ ror ic i T r st Pg<i: prnent_2_ TS-44t ' 



RADIO FREQUENCY INDICATOR TS-446/U 
(INDICATOR. ELECTRICAL, POTENTIAL TS-446/U) 

MANUFACTURERS' OR CONTRACTORS' DATA (Continued) 
Bell Sound Systems Incorporated, 1 190 Essex Avenue, Columbus 27, Ohio. Con¬ 

tract No Al-' 33(038)25693. 

TUBE COMPLEMENT-
None 

REFERENCE DATA AND LITERATURE; 

SHIPPING DATA. 
No. oí 
Boxe« Content* 6 Identification 

Volume 
(Cu. Ft.) Di 

Overall 
mentions 
inches) 

Weight 
Packed 
(Lba.) 

H W D 
I Radio Frequency Indicator 

TS-446/U 
(Domestic Packed) 

.000725 5 1/2 1/2 0. 5 

TS-446/U ectronic • uipme 

EQU11 ’MENT SUP PLIE D: 
Quant. 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAF) 
Number* (Navy) 

(Army) 

Ove rail 
Dimensions 
(inches) 

Weight 
(Lb..) 

H W D 
1 Radio F requen-

cy Indicator 
TS-446/U 
(Complete) 

Lu -
cite 

7CAC-439725 

3F4325-44b 

4-5/8 
long 

— 

l/z 
di». 

—-

0. 5 
oz. 

1 Neon Bulb 
G. E. Bulb 
T-2 

1 Probe 
... _ 

5/8 
d!». 

i Pencil Type 
Pocket Clip 

_ _ 



FIELD STRENGTH ME TER TS-509 UR 

FUNCTIONAL DESCRIPTION; 
A portable, general purpose, self-contained urut housed in Its own watertight 

carrying case This instrument provides an indication of the relative field strength 
and approximate frequency of RF eneigy emitted by a transmitter within its fre¬ 
quency range. No tubes, batteries, or power supply are needed A six section tel¬ 
escoping antenna plugs into a receptacle on the control panel. This antenna has a 
90° joint at its base so It can be extended either horizontally or vertically. Also, 
the case can be placed either on its bottom or side, whichever position is best suited 
for given operating conditions An extra jack ii. provided for direct input connection 
of very weak signals. Tuning is controlled by a knob on the panel, which is attached 
to a pointer and dial system The pointer indicates the resonant frequency of the 
tuned circuit on the dial. A microammeter dial also on the paoel indicates relative 
field strength A sensitivity control protects the microammeter from damage due 
to reception of signals whose strength would otherwise cause it to go off scale or 
burn out 

AIR FÕRCE NÄVT AÊm7 

TYPE C LASS-
STOCK NOS. I 7CAC-S26230 -I"" K17~;M-¿n7s; IbSI _ 
PROCUREM 'T INFO . Spec EP-387( Aar). Spec IbMZ.(Ae- ) 
PROCUREM T COG. :_Navy_DESIGN COG. Navy. BuÃer 
F l 1. N. :_ FUNCTIONAL CLASS. NCX 5. 1 ' ¿ 

- Electronics Tïiï Eqiupm ent- "TS-509/UR 
tllMiaNt'aiiliFasnriHllaUUFtnCMilKAr HIlMllIlUimlaMlleiaOrVArK tLX Cai.L FiMarKk RatMa4a UI MaJtUUbad la U S 



FIELD STRENGTH METER TS-509/UR 

RELATIONSHIP TO OTHER EQUIPMENT: 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: The tubular antenna it adjustable to a quarter wavelength of 

the transmitted signal. It is loosely coupled to a butterfly L-C resonating cir¬ 
cuit. When the butterfly circuit is tuned to resonance, a voltage builds up across 
it. This voltage is applied through a coupling capacitor to a crystal rectifier 
The rectified signal is directed through two RE chokes to the microammeter. 
The microammeter is shunted by a variable resistor which acts as a sensitivity 
control. 

Power Supply: None required. 
Frequency Range 100 to 400 megacycles per second 
Type of Reception: Continuous Wave, Interrupted Continuous Wave 
Distance Range: 0 to 75 feet 
RF Power Input Rating. Up to 40 watts. 
Basic Meter Range: 0 to 50 microamperes, DC. 
Accuracy: (Basic Meter) ±2% of full scale reading 

±5% or better of indicated frequency. 

MANUFACTURERS' OR CONTRACTORS' DATA; 
Harvey-Wells Electronics. Inc., Southbridge. Massachusetts; Navy Contract No. 

NOa(s)-l 0404. 

TUBE COMPLEMENT 
1 JAN- 1N21 B (Rectifier). 

REFERENCE DATA AND LITERATURE 
TO 16-Î5TS509-Î (Maintenance Instructions). 

Over-all 
Contents Ä» Identification 

(inches) 
D W H 

TS-509 L’R est Equipment -

TWÏl»hl 
Packed 

No. of 
Boxe s 

T Volume 
I (Cu. Ft. ) 

SHIPPING DATA 



FIELD STRENGTH METER TS-509/UR 

EQUIPMENT SUPPLIED. 
Quant 
Per 
Eq pt 

Name and 
Nomenclature 

ICaae 
iMafl 

Stock (USAF 
Numbera (Navy 

(Army 

Over-all 
Dimenaiona 
(inchea) 

Weight 
(Lb.) 

H w D 
1 Field Strength 

Meter TS-509*UR 
.’nrl uding: 

Ai um 
inum 

7CAC-526230 
Fl 7-M-2 3375-1681 

4 -15/16 7-11/16 6 8 

1 Rod 
Antenna 

Extend« 
i and 
¡»Straight 
32-1/2 

9/16 7/16 0. 3 

Col-
'apsed 

and 
bent 90° 

6-5/8 

1 -7/16 9/16 

_ _~ Electronica l eat Equipment - _TS-509/UR 





RADIO TEST SET AN PRM-iA 

FUNCTIONAL DESCRIPTION: 
A portable, general purpose radio interference and field intensity measuring 

equipment usee for radio interference surveys to determine the source of radiated 
or conducted interference from any source within its frequency range The test 
set may also be used as a selective two-terminal voltmeter to measure the gain of 
a radio frequency stage, to measure conducted interference on power and trans¬ 
mission lines and to provide null indications when used in conjunction with a radio 
frequency bridge. Measurements can be made with the equ.pment in terms of the 
peak value of the interference (the PEAK function), in terms of a weighted value 
(the QUAS1-PEAK function), or in terms of the average value (the FIELD INTEN¬ 
SITY function). Results are indicated on a dial calibrated in frequency and on a 
meter calibrated in both microvolts and decibels Charts provide calibration set¬ 
tings for the input device in use. the effective Landwidth of the equipment for any 
given frequency and determining sine wave signal strength in the presence of am¬ 
bient interference of random nature. Provision is made for the monitoring of the 
received signal by means of a headsei, an external oscil’oscope or an external 
meter 

AIR FORCE NAVX__ARMY_ 
irp£ CLASS. ____. . — 
siacmiQs... J..._J_ 
PROCUREM'T INFO, ; Sone MlL-T-lb¿0¿_ 
PROOlinr.M' J COG. : Naw_ __DESIGN COG. : Na vy._BuShips_ 
F. I. I, N. :_FUNCTIONAL CLASS, NO.: “> L3_ 
_- Lleutrunicu Teat Eamumcat -_AN PRM-N 



RADIO TEST SEI AN/ PRM JA 

RELATIONSHIP TO OTHER EQVIPMENT. 
Similar to Radio Interference i eld Intensity Meter Stoddart NM-20B. 

ELECTROMECHANICAL DE SCRIPTION 
Circuit Information: The equipment is essentially a seven band supe rheterodyne 

receiver provided with input attenuation and metering circuits for the measure¬ 
ment of detector output The radio frequency signai received by the antenna or 
probe is delivered through a coaxial cable to the radio frequency input connect¬ 
or located on the front panel of the equipment. The radio frequency signa! is 
amplified in the radio frequency stage and heterodyned with the local oscillator 
frequency in tne mixer stage t<* produce an intermediate frequency. The inter¬ 
mediate frequency is amplified in four intermediate frequency stages and de 
modulated in the detector stage The demodulated signal is acted upon by the 
meter detecting weighing circuits and applied to the vacuum tube voltmeter 
The audio components are subsequent, y amplified and delivered to the headphone 
jacks. 

Power Supply 115 nr 230 volts AC *10%. 50 to 1600 cycles per second, single¬ 
phase. 25 watts. 87% power factor Nine volts supplied by 2 Batteries Burgess 
5360 (4. 5 volts) arifl 1 5 volt supplied by 2 Batteries Burgess 2 (1. 5 volt) 
Batteries requiredwhen AC is not available are ^0 volts supplied by 2 Batteries 
Bürgens 5308 (45 volts), and 1. 5 volt supplied by 2 «Batteries Burgess 4FII 
(I. 5 volt). 

Frequent' y Range 0. I 5 to 2 5 megacycles per second in the following seven bands. 
0. 15 to 0. 32. 0. 12 to 0. 75. 0. 7e, to I. 75 1. 75 to 3 8, 3. 8 to 8, 8 to 15 and 15 
to 25 megacycles per second. 

Intermediate Frequency 455 kilocycles per second for bands I, 3 and 4; 1600 
kilocycles per second for bands 2. 5. 6. ano 7. 

Image and Intermediate Frequency Rcection 50 decibels minimum. 
Meter Scale: 0 to 100 microvolt«., 0 to 40 decibels. 
Overall Effective Noise Bandwidth i to 5 kilocycles per second. 
Sensitivity 

Asa Two Terminal Voitmeter I microvolt at frequencies above 2 megacycles 
per second. 

As a Field Intensity Meter: 2 microvolts per meter at frequencies above 2 
megacycles per second uamg rod antenna. 

Overload Capacity 16 dr* ibels. 
Audio Output 100 milliwatts 
Audio Output Impedan« e 600 ohms. 

MANUFACTURERS' OR CONT RAC TORS' DATA 
Stoddart A.rcraft Rad. Cor 

wood 38, California 
6644 S'nta Momea Boulevard, Holly-

r IHM-: A - l:>< K.. -



RADIO TEST SET AN/PRM-lA 

TUBE COMPLEMENT: 
Radio Test Set 3 1T4, 1 1R5, 4 3V4, 4 3A5 1 1U5. 
Power Supply: I 2A20, 1 OA3/VR75. 

REFERENCE DATA AND LITERATURE: 
Instruction Book lor NM-ZOB, 

SHIPPING DATA: 

No. of 
Boxes Contents h Identification Vol ume 

(Cu. Ft. ) 

Overall 
Dimensions 
(inches 1 

■ Weight 
Packed 
(Lbs.) H W D 

Radio Teat Set AN/PRM-lA 

... 
- Electronic Tes*. Eamnfüjfjt -

Quant. 
Per 

Eq'pt 
Name and 

Nomenclature 
Case 
Mat'l 

-- - . ■■ 
_ i ic a i’» Ove rail Stock (USAF ) , K t Dimensions Nun,beta (Naw) l.nchcj) 

Weight 
(Lbs.) 

(Army) H w D 

1 Radio Teat Set 
AN/PRM-lA 

metal 14 7-9/16 16-7/16 37 

! 

' ■ 

Power Supply 
PP-472B/PRM-

metal 7-17/32 10-1/2 

-

8-3/8 

. 

18 

1
Rod Antenna 
AT-213/PRM-1 

4 i long 

1 Loop Antenna 
AT-212/PRM-l 

8-14 
dia. 

1 Loop Probe 
AT-21 i/PRM-1 

1/2 
dia. 

1 Line Probe 
MX-980/PRM- 1 

1 Impedance 
Matching Net¬ 
work CU-195/ 
PPM -1 

1 Impedance 
Matching Net¬ 
work, 50 Ohms 
CU-197/PRM-l _ 

r 

J 
(Cont 
_ 

inued) 

- Electronics Test Equipment - AN PRM-1A 



RADIO TEST SET AN/PRM-IA 



RADIO INTERFERENCE MEASURING SET AN/LRM-3 

FUNCTIONAL DESCRIPTION 
A general purpose, field, and depot maintenance equipment used for detecting 

and measuring the intensity of radiated and conducted radio interference Probes 
are provided for conducting exploratory interference tests, and matching and coup¬ 
ling networks are used to permit it to be used an a two-terminal RE microvoltmeter 

RELATIONSHIP TO OTHER EQUIPMENT: 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: Consists basically of a superheterodyne receiver and a cali¬ 

brated impulse noise generator which generates pulses exhibiting a stable and 
uniform spectrum throughout the range of the receiver, the peak value of which 
is adjustable to knownvalues The receiver is a six-band receiver with two tuned 
RF stages, a mixer, local oscillator, two IF stages, second detector, first audio 

(Continued ) 
ÑÁW T AIR FÖRCE ARMY 

TYPE CLASS. 
I STOCK NOS, 

FUNC r P 
AN/URM-3 Electronics Feet E<^uigrnent 

PROCUREM 'T INFO. Spec M IL - T-1 Ot 45(SigC ) and__Amendrnent 1 
PROCUREM *T COG : 
F. I IN-



RADIO INTERFERENCE MEASURING SET AN/URM-3 

ELECTROMECHANICAL DESCRIPTION- (Continued) 
and output stages The output of the impulse generator is injected into the re¬ 
ceiver antenna input circuit in such a manner that interference measurement is 
independent of antenna impedance. 

Power Supply: 115 volta, *10%. AC. Single phase, 60 cycles per second; or 24 volts 
DC; or 12 volts DC 

Frequency Range: 0 . 15 tn 0 4 and I 6 to 40 megacycles per second in six bands The 
ranges are 0.15 to 0 4, 1.6 to 3.0. 3 0 to 5 «, 5.8 to 11.0. 110 to 21.0, and 21.0 
to 40.0 megacycles per second. 

Voltage Range: 10 microvolts per megacycle to 31600 microvolts per megacycle. 
Radio Noise Generator: 

Pulse Duration: Approximately 0.01 microsecond. 
Pulse Repetition Rate: 10 to 1000 pulses per second. 
Pulse Amplitude: 0 to 90 decibels above one microvolt per megacycle or kilo¬ 

cycle bandwidth. 
Spectrum: Flat to 40 megacycles per second within *3 decibels. 
MANUFACTURERS' OR CONTRACTORS' DATA: 

Designed by the Signal Corps Engineering Laboratories, Fort Monmouth, New 
Jersey. 
TUBE COMPLEMENT: 

R-178/URM 3: 1 JAN-OB2, 1 JAN-OA3/VR 75. 1 JAN-OC3/V R- 105, 1 JAN-
6AC7W, 1 JAN-6H6, 2 JAN-6SA7Y, 1 JAN-6SG7Y, 2 JAN-6SK7W, 1 JAN-6SQ7, 
1 JAN-6V6GT. 

TS-496/URM -3: 2 JAN OA2, 1 JAN OB3. 1 JAN 6J6, 1 JAN-5696. 
REFERENCE DATA AND LITERATURE: 

Preliminary Instruction Manual, I September 1950, Signal Corps Engineering Lab¬ 
oratories. Fort Monmouth, New Jersey 

Electronics Test Equipment -M-3 

SHIPPING DATA 
No. of 
Boxe s Contents & Identification 

Volume 
Cu Ft ) 

Over-all 
Dimensions 
(inc hes) 

Weight 
Picked 
(Lbs. ) 

H w D 

— 



RADIO INTERF ERENCE MEASURING SET AN/URM-3 

EQUIPMENT SUPPLIED: 
Quant 
Per 
Eq’pt 

Name and 
Nomenclature 

Case 
Mat'l 

(Stock (USAT) 
Numbers (Navy ) 

(Army) 

Over-all 
Dimensions 
(inches) 

Weight 
(Lb. ) 

H W D 
1 Test Set 

AN/URM-3 
24-1/2 12 14-1/2 110 

1 Mast Base 
AB-15/CR 

I Antenna 
Bracket 
MT-195AJRM-1 1 

I Cable 
Assembly 
RG-55/U 

3300-132335652 180 
long 

1 Cable 
Assembly 
RG-55/U 

3300-132335652 60 
long 

1 Adapte r 
UG-273/U 

8850-102000 

1 Headset 
H-16/U 

1 Cord (Headset) 
CD-307 

I Probe, Electric 
Field 
MX-819/URM-1 

1 Probe, Magnetic 
Field 
MX-838/URM -3 

1 Mast Section 
MS- 1 16 

1 Mast Section 
MS-117 

I Mast Section 
MS-118 

1 Cord (DC 
Powe r) 
CX-1 06 J/UR M-J 

1 Cord (AC 
Power) 
CX-1 O64/URM-I 

- Electronica Test Equipment - AN/URM-3 



RADIO INTERFERENCE MEASURING SET AN/URM-Î 

EQUIPMENT SUPPLIED: 
Qu ant. 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAT) 
Number* (Navy ) 

(Army) 

Over-all 
Dimension* 
(incher) 

Welgkt 
(Lb.) 

H W D 
1 Couple r 

CU-149 
I Couple r 

CU - 1 50 
1 Couple r 

CU- 153 
1 Couple r 

CU- 151 
r 

1 Coupler 
CU- 152 

1 Adapter Con¬ 
nector UO641/U 

• 
1 Service Patch 

Cord 

AN/URM-3 - Electronic® Test Equipment -



RADIO 1 EST SET AN/URM-6 

FUNCTIONAL DESCRIPTION 
A field and depot equipment used to measure the field intensity of a given radio 

transmission, to measure the intensity of radiated or conducted radio interference. 
or as a sensitive RF microvoltmeter within its frequency range. Two tripods are 
provided for mounting the large loop antenna and the superheterodyne receiver. 
Mounting provisions have been made on the receiver for either of two rod antennas 
and a small loop antenna. Signal monitoring provisions are available from panel 
mounted headphones, oscilloscope, recorder, and remote meter jacks. Measure¬ 
ments are made using the panel-mounted meter or the remote meter and graphic 
recordings are made using the milliammeter-recorder. A calibration chnrt is fur¬ 
nished with the equipment. 

R E 1. A T I O N S H I P TO OTHER EQUIPMENT: 
Similar to Stoddart Model NM-10A. 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: The power input goes through an isolation transformer with 

filters tokeep extraneous power line noises out of the instrument. Input devices 
include rod antennas, loop antennas, a line probe, and impedance matching net 
works Meter indications mast be modified by the pick-up factor of the antenna 

(Continued) 



RADIO TEST SET AN/URM-6 
ELECTROMECHANICAL DESCRIPTION: (Continued) 

used. The receiver i» a highly sensitive low frequency radio receiver which con¬ 
tains Internal means for calibrating or stands rdizing its RF gain, thus permitting 
direct readings in indicated microvolts or micrevolts per meter. Measurements 
can be made with the receiver in terms of the peak value of the signal or inter¬ 
ference (the PEAK function), in terms of a weighted value (the QUASI-PEAK 
function), or in terms of the average value (the FIELD INTENSITY function). 

The signal channel of the receiver resembles a conventional supe rheterodyne 
receiver in its RF, LF. and AF portions, but differs in its provision for attenua¬ 
tion and measurement of detector output. The RF signal is amplified in the RF 
stage and mixed with the local oscillator frequency in the mixer stage to produce 
an intermediate frequency. The IF signal is amplified in three IF stages and de¬ 
modulated in the detector stage. The demodulated signal is acted upon by the 
mete r detector weighting circuits and applied to the VTVM stage. The audio com¬ 
ponents are subsequently amplified and delivered to the headphone jacks. 

Attenuator step ratio settings are built in the inputs of the RF', mixer, and LF 
stage s. 

Power Supply: ¡15 volts, *10%. or ¿30 volts, *10%. AC, single phase, 50 to IbOO 
cycles per second except for Milliammeter - Recorde r which utilizes 60 cycles 
per second, 100 watts at 115 volts, 60 cycles. 3.0 volts, DC, supplied by two 
Battery, BA-30, for the Obse rve r - Compas a, Mark 1, Model O. A suitable bat¬ 
tery pack can be used in place of the separate power supply, however, the Milli-
ammete r-Recorder cannot be used. 

F requency Range: 14 to 250 kilocycles per second. 
Intermediate Frequency: 1 2. 5 kilocycles per second. 
Audio Output: 100 milliwatts. 
Audio Impedance: 600 ohms (headset). 
Attenuator Setting: 0, ¿0, 40, 60, and 80 decibels. 
Receiver Meter Scale 0 to 100 microvolts, 0 to 40 decibels 
Voltage Range* 1 microvolt to 1 volt. 
Field Intensity Range 1 microvolt per meter to more than 1 volt per mete r. depend¬ 

ing on the antenna used. 
Effective Bandw.dth 100 to 600 cycles per second at 6 decibels down, 2000 cycles 

per second at 60 decibels down. 
Image Rejection: -50 decibels or better from signal level. 
Intermediate Frequency Rejection: 60 decibels or better 
Signal-to*Noise Ratio: Unity cr better. 
Dynamic Range: 20 decibels at full scale. 
Accuracy: Field Intensity Measurements, *10% 10 microvolts per meter to 1 volt 

pe r mete r. 
MANUFACTURERS’ OR CONTRACTORS’ DATA: 

Stoddart Aircraft Radio Company, 6644-C Santa Monica Boulevard, Hollywood 38. 
California; Contract No NObsr-39263, ¿7 June 1947, Approximate Cost per Un.t 
$4800.00. H
TUBE COMPLEMENT 

IM-36/URM-6 1 JAN-6AL5, i JAN-6AT6, 6 JAN-6AU6, i JAN-6BEb, 3 JAN-
6C4, 1 JAN-bES, 1 JAN tJb. 1 JAN-6X4, 1 JAN-NEZ. 

PP 44-; CRM t 1 JAN-5Y3GT, 1 JAN-NEU. ¿ J AN - OC 3/V R- 105 
* • if 6 - Electronics Test Equ pment -



RADIO TEST SET AN/URM-6 
REFERENCE DATA AND LITERATURE: 

Navships 91196 (Instruction Book). 

SHIPPING DATA: 
No. of 
Boxes Contents & Identification 

Volume 
(Cu. Ft.) 

Ove rail 
Dimensions 
(inches) 

Weight 
Packed 
(Lbs.) 

H 1* D 
1 1 Radio Test Set 

1 AN/URM 6 
EQUIPMENT SUPPLIED: 

¿6. ¿ 25-1/2 37-1/2 47-1/2 

Quant. 
Per 
Eq’pt 

Name and 
Nomenclature Mat’I 

[Stock (USAF) 
Numbers (Navy ) 

(Army) 

Ove rail 
Dimens ions 
(inches) 

Weight 
(Lba.) 

H w D 
1 

¡ 

L 

Radio Teat Set 
AN/URM-6 

Radio Intcrfer 
ence Field In¬ 
tensity Meter 
1M-U/URM-6 

rAC^0I51>W632 5 

8 ii iy¡6 l¿3/8 1TÔÏ 

1 1
T ransit Case 
C. Y-706/11 RM -b 

Ply¬ 
wood 

.4- 1/2 10-7/8 34- 1/ï 3Õ. 0 0 

1 1 Powe r Supply 
PP-449/URM-6 
A nt e nna 
AT-203/URM-6 
Antenna 
AT-Z04/URM-6 

— 

long 
"84 
long 

9-29/32 19-3/4 24 75“ 

1

1 

Antenna 
AT-205/URM-6 
Adapte r 
UG-5Î7/U 

1800-298292755 — 
5 
dia. —.-

1 RE Cable 
Assembly 
CG-577/URM-6 

1 Power Cable 
Assembly 
CADV-62480 

72 
long 

1 Special Purpose 
Cable Assembly 
CADV-62481 

120 
long 

1 Chart 
PT - 107/U RM - 6 (Con 

— 1

tinuedj 
_ - Electronica Teat Equipment -_ /y RM - 6 



RADIO TEST SET AN/URM-6 

EQUIPMENT SUPPLIED: (Continued) 

AN/U RM-6_ - Electronic» T est Equipment -

Case [Stock (USAT) 
Mat'l Numbers (Navy ) 

(Army) 

Over -all Weight 
(Lb. ) Per 

Eq'pt 
Nomenclature Dimensions 

(inche s) 
H W D 

1 Clipboa rd 
2 Instruction Book 

Navships 91196 
1 Headphone 

CW-49509 
I Accessory Ose 

C Y-707¿URM-6 
Ply¬ 
wood 

21-1/8 ó -3/4 27-3/4 24. 00 

I Cbserve r-Com-
pass with case 
Mark 1, ModelO 

4-3/4 10-7/8 4-7/8 4. 75 

1 Ammete r 
ME-31/U 

1 Antenna 
AT-Z07/URM-6 

1 RF Probe 
MX-9 5 l/URM-6 

1 Impedance 
Matching 
Network 
CU- 184/URM-6 

1 Impedance 
Matching 
Network 
CU-185/URM-6 

1 Impedance 
Matching 
Network 
CU- I86/URM-6 

1 Cord 
CG-444/U 

240 
long 

1 Special Purpose 
CableAssembly 
CG-571/U 

240 
long 

1 Special Purpose 
Cable Assembly 
CG-572/U 

240 
long 

(Con tinned) 



RADIO TEST SET AN/URM-6 R- I 

EQUIPMENT SUPPLIED: (Continued) 

- Electronic» Test Equipment • AN/URM-6 

Quant 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat’l 

Stock (USAT) 
■Numbers (Navy ) 

(Army) 

Over-all 
Dimensions 
(inches) 

Weight 
(Lb. ) 

H w D 
1 Special Purpose 

Cable Assembly 
CG-57I/U 

72 
long 

1 Special Purpose 
Cable Assembly 
CADV -62482 

¿4 
long 

1 Special Purpose 
Cable Assembly 
CG-573/U 

36 
long 

1 Case(Recorder 
CY-708/URM-6 

Ply¬ 
wood 

18 14 11 15. 00 

1 Milliammeter-
Recorder with 
inking kit 
RD-59/U 

13-1/4 8-9/16 8-3/4 

1 Power Cable 
A ssembly 
CADV-62480 

72 
long 

1 Shoulder Strap 
1 T ripod Ca se 

CY-709/URM-6 
Can¬ 
vas 

41-1/2 9-1/4 
dia. 

5. 00 

2 T ripod 
NfT -674/U 

1 Loop Case 
( Y- 7 1 0. VRM-6 

Ply¬ 
wood 

33-3/4 5 33-7/8 36. 00 

1 Antenna 
AT - Z06/U RM -6 

10 
dia. 

I ' Shoulder Strap 
T otal: 222 00 

1 





RADIO INTER FERENCE MEASURING SET AN/URM-7 

FUNCTIONAL DESCRIPTION: 
A general purpose, field radio interference and field intensity meter designed 

primarily for the measurement of broadband interference although it incorporates 
facilities for CW interference and field intensity measurement. Test set incorpo¬ 
rates an impulse gene rator used as a noi se reference standard whose output is cali¬ 
brated in terms of microvolts per unit bandwidth The visual output indicator is a 
peak reading vacuum tube voltmeter with a logarithmic scale calibrated in micro¬ 
volts and a linear decibel scale calibrated in terms of decibels above one microvolt 
per megacycle. Probes are provided for conducting exploratory interference tests, 
and coupling networks are used to permit the test set to be used as a two-terminal 
noise -microvoltme ter 

RELATIONSHIP TO OTHER EQUIPMENT: 
AN/URM-7 is similar to Empire Devices. Inc. Commercial Model NF-I05. 

r... Alft FÔftÓC NAVY ARMY 
T YPE CLASS. 
STOCK NOS. 
PROCUREM 'T INFO. : Army Spec. SCL-1170 
PROCUREM 'T COG. : Army DESIGN COG. : Army. CSL 
F.I.I.N.: FUNCTIONAL CLASS. NO. : 5.1.3 

- Electronics Test Equipment - AN/URM-7 ] 
m. vine «uz c«»i l r Md ■ MiU(UlikW In U. 1 K 



RADIO INTERFERENCE MEASURING SET AN/URM-7 

ELECTROMECHANICAL description 
Circuit Information: The impulse generator output is injected into the input circuit 

of the tuner in such amanne r as to permit measurement ci open circuited antenna 
terminal voltage on a per megacycle basis. The tuner utilizes a superheterodyne 
circuit. The frequency range is covered by means of two plug-in type RF heads. 
The logarithmic scale characteristic of the output indicator is achieved through 
tapered pole-pieces in the indicating meter movement, which eliminates the ne¬ 
cessity of using automatic gain control The dipole antenna, used for field inten¬ 
sity mraiurcment applications, can be resonated at each test frequency The 
broadband antenna is used in suppre ssion test applications where the antenna must 
be placed close to the source of interference 

Power Supply: 115 volts *10%, AC, single phase, 50 io 490 i ycles. 100-volt-am-
peres. or 24 volts, DC; or 12 volts, DC. 

Frequency Range 20 to 200 megacycles. 200 to 400 me ga< ycle s 
Intermediate Frequency Range- 10. 7 megacycles, 50 megacycles. 
Voltage Range. 12 microvolts per megacycle to 1. 200. 0C0 microvolts per megac y -

ele (for 20 to 200 megacycles) 
b microvolts per megacycle to 5.000.000 microvolts per megacycle (fur 200 to 
400 megacycles) 

Indicating Meter Scale: 0 5 to 10 microvolts 
-6 to 420 decibels (10 decibel sr ale expansion is provided for scale overlap). 

Calibration Standards: 
(a) Spot frequency sine wave generator 
(o) Broadband impulse noise generator (output externally available) 

Pulse duration: 5 x 10"^ microseconds 
Pulse Repetition Rate: 2. 5 to 2500 pulses per second. 
Pulse Amplitude: 47 to 97 decibels above one microvolt per megacycle band¬ 
width 

Spectrum: Flat to 100 megacycles within *1/2 decibels. 
Accuracy: *10%, voltage. 

MANUFACTURERS' OR CONTRACTORS' DATA: 
Empire Devices, Inc. . 18-25 Bell Boulevard. Bayside, New York. 

W 5 6-039-sc - 18 1 20; Approximate Cost per Unit, $4650.00, 1953. 
Contract No 

TUBE COMPLEMENT: 
8JAN-6BJb. 4 JAN-IZA T7, J JAN-IZAU7, 5 JAN-6X4 1 JAN-OAZ, 5 JAN-bAKS. 

I JAN-bALS. 1 JAN-6AB4, 1 JAN-6J6. 1 JAN-6F4 i JAN-S87b 1 JAN-1NZ1B 
(Crystal). 1 JAN-1N34 (Crystal) 

REFERENCE DATA AND LITERATURE 

AN z U R M - 7_- Electronics Test Equipment 



RADIO INTERFERENCE MEASURING SET AN/UHM-7 

SHI PPI NG DATA 
No. of 
Boxe s Contents L Identification 

V olume 
(Cu. Ft ) 

Over -all 
Dimensions 
(inche s ) 

Weight 
Packed 
(Lbs. ) 

H W D 
1 

-!_ -
EQUIPMENT SUPPLIED 

- Electronic» Tea t Equipment - AN/URM-7 

Quant 
Per 
Eq pt 

Name and 
Nomenclature 

U
 
2
_
 

fetock (USAF 
Numbers (Navy 

(Army 

Over-all 
Dimensions 
(inches) 

Weight 
(Lb. ) 

H W D 
1 R ad i o I n te r fe r -

e nee Measuring 
Set, AN/URM-7 — 

9-1/2 18-3/4 14-5/8 65 

1 Carrying Case 
LSpare) 

1 Accessory Car¬ 
rying Case 

1 Dipole Antenna 
Set 

1 T ripod 
1 Line Probe 

( SO ohms) 
1 Magnetic-Field 

Probe 
1 Electric -Field 

P robe 
1 B al a need 

Injection Block 
1 Unbalanced 

Injection Block 
2 RF Cable 160 

long 
1 Powe r Line 

Cord 
1 Earphones 
1 Alignment 

Harr.es s 
1 Operation 

M anual 





RADIO TEST SET AN/URM-17 

FUNCTIONAL DESCRIPTION; 
A field and depot e qui pm* ntused for inte ns ty inc apurements of all types of radio-

frequency energy in the radio frequency spectrum It contains internal means for 
calibrating or standardizing its gain Measurements can be made with the receiver 
in terms of the peak value of the interference (the PEAK function), in terms of a 
weighted value (the QUASI-PEAK function) or in terms of the average value (the 
FIELD INTENSITY function). The indjcating meter scale on the panel is directly 
calibrated for a two decade, approximately logarithmic range of I to 100 micro¬ 
volts, and an approximately linear 0 to 40 decibel range. Charts provided with the 
equipment show actual effective bandwidth versus frequency 

RELATIONSHIP TO OTHER EQUIPMENT: 
Similar to Stoddart Model NM-5QA 

ATR FORCÉ NAVY ARMY 
TYPE CLASS. Standard 
STOCK NOS. 7CAC-801 3 19-254145 

FUNC HON AL C LASS. NC. . 
ÁN/URM-17 - Electronics Test Equipment -

-'N COG, Navy, BuShipS 
PROCUREM *T INFO. Spe c_MIL -T - 11>87 0 £5 h i ps) dated 6 December 1951. 



RADIO TEST SET AN/URM-17 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: The signal channel closely resembles a superheterodyne re¬ 

ceiver in its RF. IF. and AF portions, but differs from most superheterodyne 
receivers in its provision for attenuation and measurement of detector output 

The RF signa! as picked up by the antenna or probe is delivered to the RF 
input rece ptacle and passes througn the HF stage. It is then mixed with the loca! 
oscillator frequency in the mixer stage, to produce the intermediate frequency 
The IF signal is amplified in six ’F stagesand demodulated in the detector stage 
The demodulated signal is acted upon by the meter de lector weighing circuitsand 
applied to the VTVM stage, thus actuating the meter The audio components are 
subsequently amplified and delivered to the headphone jacks. 

Power Supply: 115 volts, *10%, AC. or 230 volts, *10%, AC, single phase, 50 to 
I 600 cycles pe r second. 110 watts at 115 volts ora suitable battery pack used in 
place of the separate power supply. 

Frequency Range: 375 to 1000 megacycles per second. 
Intermediate Frequency: 60 megacycles per second 
Input Impedance: 50 ohms. 
Attenuator Steps: 60 decibels to 140 decibels. 
Effective Bandwidth; Approximately 1.8 megacycles at signal of 1000 megacycles 

to 1.0 megacycles at signal of 370 megacycles. 
Image Rejection: 40 decibels or better 
Spurious Response Rejection; 4C decibels or better 
Intermediate Frequency Rejection Better than 60 decibels 
Voltage Range: 100 microvolts to ¡0 volts. 
Field Intensity Range: 100 microvolts pe.r meter to 100 volts per meter. 
Stgnal-to-Noise Ratio: Unity or better based on an equipment sensitivity of 10 micro¬ 

volts as a two-terminal voltmeter 
Audio Output: 100 milliwatts or better. 
Audio Output Impedance- 600 ohms 
Dynamic Range 20 decibels 

MANUFACTURERS' OR CONTRACTORS' DATA 
Stoddart Aircraft Radio Company. 6644 Santa Monica Boulevard. Hollywood 38. 

California; Contract No. NObsr-42430; 30 June 1948. 

TUBE COMPLEMENT: 
IM - 52/URM - 1 7: 2 JAN 6AL5, 1JAN-6AR5, 7 JAN 6BH6. 2JAN-6C4. 2 JAN 

6F4. I JAN-9005. 1 JAN-12AU7. 1 JA N- IN2 1 B (C rystal Rectifier ). 
PP 530/URM-17: 1JAN-6AS7G, IJAN-6BH6, IJAN-NE-32. 

REFERENCE DATA AND LITERATURE: 
Navships 91388 (Instruction Book) 

-1 7 - Electronics Test Equipment -



RADIO TEST SET AN/URM-17 

EQUIPMENT S U P P LIED: 

' No. of 
'Boxes Contents Identification 

V olume 
(Cu. Ft.) 

Overall 
Dimensions 
(inches) 

Weight 
Packed 
(Lbs.) 

H w D 
1 Radio Test Set, AN/URM-17 

LJ 
18-1/4 

_ 

43-1/2 19 170 

Quant 
1 Per 
Eq'pt 

Name and 
Nomenc latu re r 

P 
r- 

<* Stock (USAF) 
Numbers (Navy ) 

(Artry) 

Overall 
Dimensions 
(inches) 

Weight 
(Lbs ) 

H / w D 1 Radio Test Set 
AN/URM-17 
Including: 

7CAG-80 1319-2 54145 

1 
1 
1 

Radio Inter¬ 
ference Field 
intensity Meter 
1M-52/URM 17 

9-3/16 19-yit 10-3/8 30 

1 T ransit Case 
C Y-866/JRM- 17 

Ply¬ 
wood 

16-1/4 23-3/4 10-7/8 ¿5 

1 Chart Set 
PT-210/U RM- 17 
Instruction Book 
Navships 91 388 

— 

1 Accessory Case 
C Y-865/URM- 1 7 

Ply-
wood 

14-5/8 15-1/2 10-1/8 17 

1 
L 

Power Supply 
PP- 530/URM- 1 7 

7-31/32 9-29/32 19-3/4 16 

1 1
Antenna 
AT-255/URM- 1 7 

Brass 
F 16- A45194-7901 

5-1/2 
extends 
o * 6) 
'2-31/32 
long 

1 RP Probe 
DT-56/URM-17 N16-P-87008-4021 

9/16 
OD 

1 Impedance 
Matching 
Network 
CU-2Z7/URM- 1 7 

N16-N-30826 -1073 
2-31/32 
long 

9/16 
OD 

(Con inu 
_ - Elect ronics Test Equipment - AN/UW M- 1 7 



RADIO TEST SET AN/URM-17 

E PME NT SUPPLIED. (Continue 
Quant 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAF) 
Numbers (Navy ) 

( Army) 

Over-all 
Dimensions 
(inches) 

Weight 
(Lba.) 

H w D 
1 Power Cable 

Assembly 
CADV-62480 

72 
long 

1 Special Purpose 
Cable Assembly 
CADV-t>2481 

N17-C-4A70 3-5,2l 
120 
long 

1 RF Cable 
Assembly 
CG-678/U 

M6-C-I 1957-3021 
¿40 
long 

I Glow Lamp 
JAN-NE-32 
(Spare) 2Z58R9 8 

1 Ballast 
Lamp 
(Spare) 

NI b R-85001-1 5 1 ! 
- _ . 

1 Cable 
Connector 
(20 ohms] 

1 - 1 1/16 
long 

53/r64 
OD 

I T ripod 
Bag 
CWil^IRWiT 

Can-
vas 

39-3/4 
high 

6-1/4 
dia. 

3. 25 

1 T ripod 
Navy Type-
1054b 

Wood 
N16TÄ0Z001 107 

37-1/2 
(exte nds 
to 60) 

1 Antenna 
Mast Section 
AB-1 R9/V R M - 1 7 

36-1/8 
long 

1 
dia. 

1 Azimuth 
Dial 
Assembly 

Alum¬ 
inum NI 61 21801-1045 

3 
lung 

2- 1/4 
dia. 

1 Azimuth 
Dial 
Pointe r 

NI 6-K-70 16 4^401 
3/4 
long 

2 
dia. 

109.25 — 1 ota I: 

AN/URM-17_ • Electronic» Test Equipment - -



FIELD INTENSITY MEIER AN/URM-4 1 

FUNCTIONAL DESCRIPTION. 
A portable, gene ral purpose, very low (rtquency radio intcrierencc and freíd in¬ 

tensity measuring instrument designed for use during interference or field strength 
surveys to determine the source and magnitude oí radiated or conducted signals. 
Separate analysis of magnetic and electric fields may be made The instrument 
may also be used as an ult ra - sensitive audio frequency microvoltmeter. Signals 
may be measured in quasi-peak, average, or true peak values 

RELATIONSHIP TO OTHER EQUIPMENT; 
The AN/URM-41 is the military equivalent of the Stoddart Radio interference 

Field Intensity Meter NM-40A 

ELECTROMECHANICAL DESCRIPTION. 
Circuit Information The field intensity mete, consists fundamentally of two types 

(Continued) 

AIR FORCE NAVY ARMY 
IÏEE 
STOCK NOS.. 
PROCUREM. T LN F O. ; Contract NOt. s r - 7 1 1 b a 
PROCUREM T COG. : Navy_ DESIGN COG. Navy. BuShips _ 

. NO. : 5. 1. < LILK^.. FUNCTIONAL CLASS 
-_AN/URM-41 



F IELD INTE NSI 1 ï METER AN/CRM-41 

ELECTROMECHANICAL DESCRIPTION. 
of receivers, one selective and the other wideband In selective operation the 
set functions as a tunable supe rhetrodyne receiver The set incorporates an 
untuned radio frequency amplifier, a low-pass filter, an intermediate frequen¬ 
cy amplifier having an adjustable bandwidth, an amplifier employing an auto¬ 
matic gain control to obtain logarithmic action, and detector and indicating cir¬ 
cuits. The detector circuit time constant provider RMS indication of the signal. 
When the te st set is used as a wideband receiver the same radio frequency am¬ 
plifier is used to feed signals through wideband amplifiers to the detector and 
metering circuits In wideband operation the signal bypasses the selective in¬ 
termediate frequency amplifiers. The detector circuits are weighted to provide 
average, qua si-peak or peak analysis of signals. Audio and video outputs are 
obtained from jacks located cn the front panel. 

Power Supply; 105 to 125 volts. AC. sing ' r-phase. 50 to 60 cycles per second. 
250 volt-amperes. 

Selective Frequency Range 30 cycles per second to 15 kilocycles per second. 
Wideband Frequent y Range: Output flat from 100 cycles per second tn 15 kilocy¬ 

cles per second Output 6 decibels down at approximately 150 kilocycles per 
second. Cor rec t ion curve s applied for frequenc ie s 30 to 200 eye les per second. 

Input Impedance: 50,600. 10.000 and 100, 000 ohms. 
Intermediate Frequency: 25 kilocycles per second. 
Selectivity: Effective noise bandwidth 9-0 to 60 cycles per second, 6 decibel band¬ 

width 1 3 to 90 eye Ie s pe r sec end. 40 decibel bandwidth 60 to 500 cycles per sec¬ 
ond 

Image Rejection: 60 decibels or greater. 
Spurious Response Rejection: 55 decibels or better 
Intermediate Frequency Rejection; 60 decibels or better. 
Selective Sensitivity: (As an asymétrie;’ voltmeter narrowest bandwidth, de¬ 

tector in average function, and 10.000 ohm input impedance). 

Frequency Range Signa! Measurable for a 20 
dec ibel S.gnal/Noisc Ratio 

30 to 300 cycles per second 10 microvolts 
300 to 1000 cycles per second ?.. 5 microvolts 
1000 to 15.000 cycles per second I. 5 microvolts 

Full Scale Sensitivity 10 mir roved t ; -.attenuate d 
Wideband Sensitivity • 100 rn » r. ts ! :ll si lefio- tmn with no attenuation and 

100. 000 ohm input .mpedance defector . average function; 150 microvolts fur 
a 20 decibel signal to noise ratio maximum. 

Selective Mete r Indic a’ i n Two d»*« ade 1 < j r ¡ ! h . ■ < tu. ibrated 0 I to 10. 0 mic ro-
volt s. 

W deband Ope rati n r Ind. Snclc ac ' ad-- rear scale, «suppressed 
ze ru, 

ÁN/URM-4 1_ 



FIELD INTENSITY METER AN/URM-4 1 

ELECTROMECHANICAL DESCRIPTION; (Continued) 
Attenuation; 100 decibels in 5 decades 
Audio Output: 100 milliwatts minimum into 600 ohrns with full scale signal and 

BFO on. 
Wideband Dynamic Range: Approximately 2b decibels above full scale deflection 

for quasi-peak operation. 
Loop Sensitivity; 10 microvolts meter inu.cat.on fi r an equivalent radiated field 

of 400 microvolts per meter at 1000 cyCics per second. Frequenc y/amplitude 
response is proportionial to frequency 

Probe Sensitivity: Voltage reading of 10 microvolts for an electric field of 200 
microvolts per meter. Response flat with frequency. 

Calibrator: 
Type: 400 cycle per second tuning b rk. 
Stability: ±0. 2% total deviation for a temperature change »4 -15* C to +50* C 

MANUFACTURERS' OR CONTRACTORS DATA 
Stoddart Aircraft Radio Company. In«, orpu rated. 6644 Sai/a Momea Boulevard. 

Hollywood 38. California; Contract No. NObsr 7 116b. 

TUB! COMPLEMENT. 
3 5751. 3 5814 3 5679 2 5726. b óAi.n. bAQsW 9 ‘> ¿5 3 607¿. j 6C4W, 

I 5R4WGA, I 6080. 1 56 e I . 2 I2AT7WA 

REFERENCE DATA AND LITERATURE: 
Technical Manual for Radio Interference* Field Intensity Meter AN/URM-41 

NavShips 927 39 

SHIPPING DATA: 

i_I_I_! I I 
_ - ~-l fr tr or. ic Tes! Equipment -_ AN. E R M ■ 4 | 

No. of 
Boxes 

Contents 6 Identification 

Overall 
Volume , Dimensions 
(Cu. f t. ) i___linc he s} 

H W D 

Weignt 
Packed 
(Lbs. ) 

■ 



FIELD INTENSITY METER AN/URM-41 

— 
Quant. 
Per 

Eq'pt 
Name and 

Nomenclature 
Case 
Mat'l 

Stock (USAF) 
Mumbern (Navy) 

(Army ) 

Overall 
Dimensions 

_ 
H 1 w I D 

Weight 
(Lbs. ) 

1 

1 

Field Intensity 
Merer AN/VRM-
4 ! 
Inc 1 tiding : 
IM-121/URM-4 1 
Radio Inte rfe r -
ence Measuring 
Set 

1 Powe r Suppl y 
91I8Z-2 

1
I Cable Assembly 

Power, Electri-
cal 91258-1 u.. 

1 Cable Assembly 
Power. Electri¬ 
cal 91186-2 

! Capacitive 
Probe 91183-2 

1 Support. Test 
Prod. (Capaci¬ 
tive Probe Mourn 
ting Assembly) 
90689-2 

1 Cable Assembly. 
Capacitive 
Probe 91 185-2 

1 Loop Antenna 
90117-2 

I ¡LoopCabieAss-
embly 90048-2 

AN/URM-4 1 
_ „_L_ 
- Electronics Test Equipment 

(Conti n u ■ 4 J_ 



FIEI 1) IXr.NSITY M._ FF K AV URVdl 

Liam, nay 

(Army) 

Supply 91 IRH-2 

Headphones . 

meter) 9007 5-2 

Antenna (for use 

¡probe) 9)299-2 

able Assembly 

Headphones, 
600 ohms 1 07 

Overall 
Dimensions 

Case, Radio In 
te ríe rene e 
Measuring Set 
ql 187-2 

Steck (USAF)-Quant.i 
Per Name and 

I Had; o Frequenc 
li able Assembly 
I907S7-2 

E„. , Nomenclature Mafl rumbcrs tsq pt I ( ( * 

Tripod 90095-2 ' 

(Coupler. Antenna] 
91 184-2 

1 T ripod Bag 
90)86-2 

— —-

AN. L'RX 



FIELD IM LNSITY .METER AN URM-41 

Quant. 

7" 
Eq pt 

Name and 
Nomenclature 

— 

Case 
.Mat’l 

Steck (USAF) 
Numbers (Navy) 

(Army) 

Overall 
Dimensions 
(inches) 

Weight 
(Lbs. ) 

H W D 

! 
. ”i 

Special Purpose 
Cable Assembly 
(Headphone ex¬ 
tension) 90074 - 1 

1 Milhanivte r • 
Recorde r 
90097-2 

1 Special Purpose 
Cable Assembly 
Recorder Cable 
90075-1 

1 Special Purpose 
Cable Assembly 
(use with Ose il -
le sc ope)9007 5-1 

1 Lead. Test (Cap¬ 
ac itive probe 
c alibranone able, 
two cunduc tors. 
18 inches) 
91298-1 

1 lead. Test (Cap* 
acitive probe 
‘calibration cable, 
one conductor; 
i ! 8 i nc hr •» ) 
b 1287 - 1 

: Cast A 
r;vs (Loop case) 
M| 18» Z --

2 Instruction Bock 
NavShips 92739 ! ! _L _ 1 _ 1 _ 

AN I KM 4 1 - Electronics Test Egutpn er.t -



RADIO INTERFERENCE .MEASURING SET AN/L’RM-47 

FUNCTIONAL DESCRIPTION; 
A general purpose, highly sensitive. HF and VHP, superheterodyne receiver 

used to locate and measure radio interference and field intensities In addition, t 
is used to adjust directive antennas and to explore radiation patterns, where the 
fie.d intensity may vary over a wide range of values. The mam component of the 
set is a selective, two-terminal voltmeter designed to measure RF interference or 
the intensity of radiated or conducted RF signals. The equipment also contains a 
power supply and antennas for signal pickup. 

RELATIONSHIP TO OTHER EQUIPMENT: 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: A calibrated meter, a function switch, and dipole antennas 

make it possible to make qualitative measurements of the intensity of radio 



RADIO INTERFERENCE MEASURING SET AN/URM-47 

ELECTROMECHANICAL DESCRIPTION: (Continued) 
signals and interference. By proper adjustment of the function switch, the meter 
will record the peak, weighted, or average value ot the signal picked up by the 
antennas. A beat frequency oscillator facilitates the accurate tuning of weak 
signals. By observing tne zero beat note or audio null of the oscillator, the 
strength of the weak signal can be accurately measured. 

Power Supply: 105 to ¡¿5 volts or ¿10 to ¿50 volts, AC, 50 to 1000 cycles per 
second, single phase. 

Frequency Range: ¿0 to 400 megacycles per second. 
Frequency Calibration Accuracy *2% 
Meter Calibrations: 1 to 100 microvolts; 0 to 40 decibels. 
Meter Accuracy: ±1%. 
Input Impedance 50 ohrns. 
Type of Receiver' Supe rhe ter odyn«-. 
Sensitivity: 1 to 60 microvolts per meter. 
Spurious Response Rejection. Greater than 40 decibels. 
1R Rejection: Greater than 60 decibels 
Audio Output 100 millivolts into b00 ohm, noninductive load. 
Oscilloscope Output: Frequency response Hat within J decibels from ¿0 to 100,000 

cycles per second depending upon scope loading. 

MANUFACTURERS' OR CONTRACTORS’ DATA. 
Stoddart Aircraft Radio Company, Hollywood 38, California; Navy Contract 

NObsr-52301, ¿6 March 1951. 

TUBE COMPLEMENT: 
i JAN-OAZ, 1 JAN-OB2, 1 JAN lNb3, 1 JAN-5R4GY, 1 JAN-5651, 1 JAN-5718. 

1 JAN-5726, 2 JAN-5814, 4 JAN-5840, 2 JAN-6AU6WA, o JAN-6BH6, 1 JAN-6AQ5, 
1 JAN-6080, 4 JAN-6135. 

REFERENCE DATA AND LITERATURE: 
NAVSH1PS Instruction Book 92147. 

SHIPPING 
No. of 
Boxe s Contents & Identification 

Volume 
(Cu. Ft. ) 

Óver-all 
Dimensions 

(inc hes ) 

Weight 
Packed 
(Lbs ) 

H W D 
1 Radio interference Measuring 

Set AN/URM-47 

_ 

13. 9 18-7/8 48-3/4 26-1/4 ¿12 



RADIO INTERFERENCE MEASURING SET AN/URM-47 

EQUIPMENT SUPPLIED: 
Quant 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (US AFI 
Number« (Nevy ) 

(Army) 

Over-ali 
Dimensions 
{inches) 

Weight 
(Lb.. ) 

H w D 

1 R adío 
Interference 
Measuring Set 
AN/URM-47 
Consisting of: 

1 Test Case 
CY-1527/URM-47 
Containing: 

13 1/2 ¿3-3/4 11-5/16 50 

1 RI-FI Meter 
IM-8Í0J R M - 47 

7-5/8 19- 1 yió 10-3/8 

1 Headphone 
(GFE) Navy 
Type 49753 

I Chart Set 
H l 86/UR M-47 

I Instruction Book 
NavShips 92147 

11 8-1/2 

I Accessories 
Case CY 1525/ 
UR M- 47 _ . 

16-1/8 15-1/2 10-5/8 46 

Conta ining 
1 Power Supply 

IV 9UR M-47 
7-17/32 10-1/2 8-3/8 

y Ammete r 
ME-76/U 

I Antenna Base 
AB-364/U 

I R F Cable Assy. 
CG - 1064/U 

1 A ssembly 
CADV -62480 

! Combination 
Cable Asserrbly 

! Antenna Case 
C^- I52É0JRM-47 
Containing: 

r 
(Continued) 

___, Electronica Test Equipment - AN/UHM-47 



RADIO ÍN1ERFERENCE MEASURING SET AN URM-47 

- Electronic* l est Equipment 

EQUIPMENT SUP 
Quant 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
MatT 

Stock (USAF) 
Humbert (Navy ) 

(Army) 

Over-all 
Dimensions 
(inches) 

Weight 
(Lbs. ) 

H w D 
1 Mast 

AB-371/U 
I Antenna 

AT-477/U 
2 Mast Section 

AB-36 3/U 
1 T ripod 

CADV-10545 
1 Antenna 

AT-426/U 
1 Antenna Base 

AB-37YURM-47 
1 Measuring 

Tape 
TL-635/U 

1 R t. A ng 1 c 
Adapter 
UG-27B/U 

8850- 108716 

1 Azimuth Dial 
Assembly 

1 Azimuth 
Pointer 
Assembly 

1 A nte nna 
Elements Set 

Total: 1 32 



NOISE AND HELD INTENSITY METER 
MODEL NF- |05 

(Empire Device« Products Corporation) 

FUNCTIONAL DESCRIPTION 
A genera) purpose equipment used to detect and measure the intensity of radio 

frequency signals The instrument is used for field intensity measurements, ra¬ 
dio frequency interference measurements, antenna pattern measurements, and 
de ter mining the harmonic output of oscillators used in t r a n sm i tiers and rícci ve r s 
Car ri* r or peak measurements of continuou» wave signal.« are indicated on a meter 
calibrated in mir revolts and dec ihel s above a microvolt Prak indication of broad 
hand signals is achieved by direct indication or by the avral slide-back method 
Broadband interference is indicated in mic ruvolts per megacycle (or per kilocycle) 
of bandwidth 

RELATIONSHIP TO OTHER EQUIPMENT 

(Continued) 



NOISE AND FIELD INTENSITY METER 
MODEL NF-105 

(Empire Devices Products Corporation) 

ELECTROMECHANICAL DESCRIPTION: 
Circuit Information: The instrument consists of a basic measuring unit and four 

interchangeable plug-in tuning units. The basic measuring unit contains the 
circuits which are common to all frequency ranges of the equipment. These 
include the vacuum tube voltmeter, sine-wave calibrator, impulse generator, 
audio amplifier, power supplies and attenuators. The radio frequency and the 
inte rmediate frequency circuits are contained in the tuning units A 12 inch 
)oop antenna or vertical pickup rod is used for measurements in the 150 kilo¬ 
cycles per secondto 30 megacycles per second range A broadband antenna or 
dipole antennas with matching balun transformers are used for measurements 
in the range from 20 to 1000 megacycles per secund A clamp-on probe or a 
50- or SCO- ohm line probe is used for conducted measurements. 

Power Supply: 115 volts. AC. 50 to 400 cycles per second. 100 volt-ampc re s. 
Tuning Unit A; 

Frr que ncyRange. i 50 kiloc ycles per secondto 30 f ne gar yr Ie s per sre nd in 6 
bands 

Intermediate Frequency. 455 .»nd IbOO kilocy íes per secund. 
Full Scale Sensitivity. 1 microvolt maximum 
Noise Bandwidth: 10 kilocycles per second 

Tuning Unit I : 
Frequency Range : 20 to 203 megacycles per second in 2 bands 
Intermediate Frequency. 10.“ megacycles per second. 
Full Scale Sensitivity: 10 microvolts maximum. 
Noise Bandwidth: 100 kilocycles per second. 

Tuning Unit 2 
Frequency Range; 200 to 430 megacycles pc: second continuous. 
Intermediate Frequency: 30 megacycles per second. 
Full Scale Sensitivity- 10 microvolts maximum. 
Noise Bandwidth: 200 kilocycles per second 

Tuning Unit 3: 
Frequency Range: 400 to 1000 megacycles per second in 2 bands 
Intermediate Frequency: 300 kilocycles per second. 
Full Scale Sensitivity: 10 mic revolts maximum. 
Noise Bandwidth: 300 k Joe yc Ie s per second. 

Narrow Band Voltage Measurement Range: 1 to 100.000 microvolts. 
Broadband Voltage Measurement Range: 1 microvolt divided by the bandwidth in 

megacycles per second to 100. 000 mic revolts divided by the bandwidth in mega -
cycles per second (microvolts per megacycle). 

Input Impedance; 50 ohms. 
Impulse Noise Generator; 

Frequency: Flat to 1000 megacycles per second. 4-0. 5 decibel 

I mv. re NF-105 Eiertryr.ic Test E ¿ ;-ment 



NOISE AND FIELD INTENSITY METER 
MODEL NF-105 

(Empire Devices Products CorporalL r.) 

ELECTROMECHANICAL DESCRIPTION; (Contin .-d) 
Pulse Repetition Rate; I 5 to 2500 pulses per second. 
PeakOutput: Variable 17 to 97 decibels above 1 microvolt per megacycle band« 

width 
Meter Calibration: 0. 5 to 10 microvolts, -6 to >20 d’-tibcls 

MANUFACTURERS' OR CONTRACTORS' DATA 
Empire Devices Products Corporation. Amsterdam. New York. Approximate 

Cost fer Unit. $9100 00 

TUBE COMPLEMENT: 

REFERENCE DATA AND LITERATURE: 
Manufacturer's Catolog. 

SHIPPING DATA: 

[Noise and Field Ir.t <• n s : t y Mete 
Empire NF - 105 

- Electronic Test Equipment - Empire NF- 105 



NOISE AND FIELD INTENSITY METER 
MODEL NF- 1Û5 

(Empire Devires Products Corporation) 



FIELD IN 1 LNMTí METER 
MODEL NF- i 

(Empire Devices Products Corporation) 

functional DESCRIPTION 

Ca 

volts per megacycle bandwidth 

---- - - - .a ...... y ■ 
Ihe instrument may also be used for anlenn 
harmonic or spurious frequency output uf tra 

A portable. general purpose instrument des.gned for field intensity and RF 
I e re nc c me t > r n m on»*,... • l. „ r . 

- n i < u V -
Peak indication of broadband signals i> achieved 
' aural slid- back method 

on a meter located on the front panel of the instrument 
ementa of CW lignais aie indicated in microvolts, and 

Broadband interference is indicated d.reeHv .... 

used ass r 7m . sn.e.dmg effeciiveness. and maybe 
T« ,7.‘lr^ Or *F va< num tube voltmeter. 

K E L A ntlNSHIP TO OTHE« UQl.f 



FIELD INTENSITY ME TF R 
MODI’ L NF- ! 12 

(Empire Devras Products Corporation) 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: The equipment c insists basically oí a supe rhetrodyne re¬ 

ceiver, calibrating circuits, and indicators. The unit covers the frequency 
range by means of four plug-in RF tuners The circuits common to al) fre¬ 
quency range s (i. e . intermediate amplifiers, vac uum tube voltmeter, impulse 
generator, detectors, audio amplifie rs. and power supply), are housed in the 
basic measuring unit. An impulse g-re rator producing a flat spectrum through¬ 
out the frequency range of the instrument serves as the calibrator A single 
multiposition coaxial resistive step attenuator provides RF and IF attenuation 
The instrument incorporates double tuned cavities preceding the first mixer, 
thus, reducing the possibility of pulse overload and cross modulation. 

Power Supply: 115 volts. AC. 50 t- 4S0 cycles per second. 
Frequency Range; I. 0 to 10. 0 kiiorr egacycies in four bands 
Voltage Range : 

Carrier Intensity: 10. 0 mi< rovolts to 10. 0 volts 
Effective Noise Bandwidth: I. 0 and 5. 0 megacycles per second. 

Input Impedance: 50 ohms. 
Impulse Noise Generator: 

Frequency: Fla» to 10. 0 ki lomegac yc Ie s within *0. 5 decibel. 
Pulse Repetition Rate: 1000 cycles per second. 
Peak Output: 73 decibels above 1.0 microvolt per megacycle bandwidth. 

Indicating Meter: 4 5-inch logarithmic movement calibrated 5 to 100 microvolts 
and +14 to 40 decibels. 

MANUFACTURERS’ OR CONTRACTORS' DATA; 
Empire Devices Products Corporation Amsterdam, New York 

TUBE C OM P L E M F N T ; 

REFERENCE DATA AND LITERATURE. 
Manufacturer’s Catalog No. F-95m 



FIELD INTENSITY METER 
MODEL NF -I 12 

(Empire Devices Products Corporation) 

EQUIPMENT SUPPLIED: 
Quant. 

Eq'pt 
Name and 

Nomenclature 
Case 
Mat’l 

Stock (USAF) 
Numbers (Navy) 

(Army] 

Overall 
Dimensions 

__(inches) _ 
H W 1 D 

—. 
Weight 
(Lbs. ) 

1 Basic Meas¬ 
uring Unit BA. 
I 12 

1 5 19 I 15 120 

1 Tuning Unit 
No. 1. 1. 0 to 
2. 0 kmc T-
l/NF-i 12 

I Tuning Unit 
No. 2, 2. 0 to 
4. 0 kmc 
T-2/NF-112 

I Tuning Unit 
No. 3. 4. 0 to 
7. 0 kmc 
T-3/NF-112 
Tuning Unit 
No. 4, 7. 0 to 
1 0. 0 kmc 
T-4/NF-112 

- Electronics Test Equipment - 'mpire NF - 1 1 2 





FIELD INTENSITY METER 
MODEL FIM 

(Polarad Electronics Corporation) 

FUNCTIONAL DESCRIPTION 
A portable, general purpose, field intensity meter designed for locating and 

measuring radio frequency interference and making field intensity measurements 
m the frequency range of 1.0 kilomegacycles to JO 0 kilomegacycles The FIM 
can be used to determine the source and magnitude of radiated or conducted inter¬ 
ference. The equipment can also be used for adj «sting directive antennas, explor¬ 
ing radiation patte rns, intermediate frequency attenuator measurements, standing 
wave ratio measurements, insertion losses where field intensity may vary over a 
wide range of values Measurements can be made in terms of average, quasi-
peak, or peak val ue of the signal. In addition to providing c ircuitry for calibrating 
or standardizing its gain for prec al ibrateo measurements, the test set also pro¬ 
vides a means of accurately measuring the average value oía signal by the direct 
signal substitution method. Detection of ar', unmodulated signal is aided by the use 
ofanaudio frequency oscillator modulating th*. ::n on mg signal Detected signals 
are audibly monitored by the use of headphones 

AIR FORCE 1 NAVY ARMY 

STOCK NOS. 
PROCURENT INFO. ; 
PROC UR EM'T COG. • DESIGN COG. 
F. L L N. : FUNCTIONAL CLASS. NO. : 5 1 3 
-- Electronica Te at Eauiumcnt --



field intensity meter 
MODEL FIM 

(Poland Electronic« Corporation) 

RELATIONSHIP TO OTHER EQUIPMENT: 

ELECTROMECHANICAL DiSCXIPTION. 
Circuit Information; IhetestselulaMtaliy a frequency-selective voltmeter em¬ 

ploying a triple conversion tupcrhalrodyn« receiver The equipment consists 
of three major units a monitor unit (FIM- B);four plug - in tuning umts (F IM - L-
S-M and -X); anda power unit (FLM-P) The monitor unit consists of the con¬ 
trol and monitoring portion of the H‘4 lhe lower section of the monitor unit 
is desrgned to accept any of the four tuning units The four tuning units cover 
the entire frequency range ol the receiver and provide single-dial, direct¬ 
reading. continuous frequency tuning with automatically tracked repeller volt¬ 
ages The power unit contains the high- and low-voltage supplies necessary fur 
operation of the equ pment 

Power Supply: 115 volts *10%. AC. 59 to 450cyc les per second. single-pha se. 730 

watts. 
Frequency Range: Band 1 : 1.00 to 2 24 kilomegacycles per second. BandT 2.14 

to 4 14 kilomegacyc le s per second Band 3: 4 20 to 7. 74 kilomegacycles per 
second. Band 4: 7 36 to 10. 00 kilomegacycles per second 

Frequency Calibration Accuracy: Better than *1 0% 
Input RF Voltage Range 20 microvolts to 3 volts 
Input Impedance; 50 ohms nominal 
Bandwidth. 5 0 *0 5 megacycles pe i •'•< < nd at -6 decibels. 
Impulse Bandwidth: 5 0 megacycles per second 
Image and Spuriou« Response Rejection. Better than 60 decibel«. 
Signal Attenuation Range: 0 to 80 decibels in 20 decibel steps. 60 decibels RF. 20 

decibels IF. 
Intermediate Frequencies. First. 263 me ga yc !» s per second, second. 140 mega¬ 

cycles per second, third. 40 megacycles per second. 
Weighting Circuit Time Constants 

Average and Peak Measurements: 0 1 *0 05 microsecond, charge. 
0 ) *0 0) mir rniecond. discharge 

Qiasi-peak Measurements: 50 *10 mic roseconds. charge. 
500 *100 mill : seconds, discharge 

Audio Output: 100 milliwatts minimum into 600 ohms 
Video Output: 0 5 volt minimum acres« 2 megohms 
Recorder Output Oto 1 milliampere. 1500 hms 
Calibration Signal (CW) 0 2 volt i., s m.t rov its. rms. 0 to -«S decibels below a 

milliwatt 

manufacturers or con I RAC tors* data 
Pularad Electronic'. Corporal» •> 1 .’0 34 th Street Long Island City I. New 

York. Approximate Cost per Unit. $19.464 U'J 

Pola-ad FIM - Electronic lest Equipment -



FIELD INTENSITY METER 
MODEL FIM 

(Polarad Electronics Corporation) 

TUBE COMPEMENT: 

1 OA2. 3 OB2 6 5R4WGA. ! 6AN5. 10 6AUb. 9 6X4. 3 12AT7, 1 5914, 4 OA3/ 
VR75. 12 6AK5. 4 572 1 or 6390, 1 5722, I 6AL5. 2 5751. 2 5836. 2 5837, 2 5876. 
1 5933. 3 6AQ5. 2 6080. 2 6J6. 2 1N23C. 2 1N«6 or D974. I 1N28A. 2 1N69. 
I 1N198. 

REFERENCE DATA AND LITERATURE. 
Microwave, Field Intensity Meter, Mo<lel FIM, Preliminary Handbuuk of Ins¬ 

tructions (Serial Nos. 13! and up). 

SHIPPING DATA: 

Poiarad FIM 

No. of 
Boxes 

Contents & Identification 
VJ volume 
(Cu. Ft ) 

D 
Overall 
mensions 
me hes) 

Weight 
Packed 
(Lbs. ) H W D 



FIELD INTENSITY METER 
MODEL FIM 

(Polarad Electronica Corporation) 

EQUIPMENT SUPPLIED; 
Quant. 
Per 

Eq'pt 
Name and 

Nomenclature 
Case 
Mat'l 

Stock (USAF) 
Numbers (Navy) 

(Army) 

Overall 
Dimensions 
(inches ) 

Weight 
(Lbs. ) 

H w D 
1 Monitor Unit 

Model F1M-B 
17 -
13/16 

23 -
1/2 l/i 70

1 3and 1 Tuning 
Jnit Model FIM-L 3/8 16 14 -

1/2 50 

1 Band 2 Tuning 
Unit 
Model FIM-S 

17 -
3/8 16 Û « 

1 Band 3 Tuning 
Unit 
Model FIM-M 

17 -
3/8 16 14 -

1/2 
50 

1 Band 4 Tuning 
Unit 
Model FIM-X 

17 -
3/8 16 14 -

1/2 50 

1 Power Unit 
Model FIM-P 

16-
5/32 

19-
13/16 

25-
1/2 115 

1 Omnidirectional 
Antenna 
Model CA-B 

9 -
3/16 

9 -
3/16 

10 -
9/32 2. 5 

1 Band 1 Direc¬ 
tive Antenna 
Model CA-L 

9 -
7/16 

13 -
3/4 8 2 

1 Band 2 Direc¬ 
tive Antenna 
Model CA-S 

10 -
1/2 

13-
29/32 

17 -
11/16 3.5 

1 Band 3 Feed 
Horn 
Model CA-M 

2 -
1/4 

1 * 
15/16 

3-
1/4 0. 5 

1 Band 4 
Feed Horn 
Model CA-X 

1 -
¡5/32 

1-
5/8 

1/8 h 
0. 5 

tinued) 
Polarad FLM - Electronica Teat Equipment -



FIELD INTENSITY METER 
MODEL FIM 

(Pclarad Electronics Corporation) 

EQUIPMENT SUPPLIED: (Continued) 

Quant. 
Per 

Eq'pt 
Name and 

Nomenclátor e 
Case 
Mat'l 

Stock (USAF) 
Numbers (Navy) 

(Ar my) 
D 
Overall 
imensior 
( inc he s) 

8 

D 

Weight 
(Lbs. ) 

I Antenna Reflec¬ 
tor. Model CA-R 

19 -
15/16 

20 . 
1 3/ 6 

13 -
3/16 

1 Tripod 
Model CA-T 

5 J 
3b -
1/1 5 5 

HP Cable 6 it. 
long 

1 

1 Interconnecting 
Cable No. 1 

8 fl. 
long 2. 5 

1
Interconnecting 
Cable No. 2 

4 -
3/4 long 0. 25 

Interconnecting 
Cable No. 3 

8 
long 0. 3 

1 Power Cable 10 ft. 
long 1.5 

1 Wrench Set 
_ ... 

_I 
- Electronics Test E , iprnent - Pula rad m_; 





RADIO FREQUENCY MEASURING SET 
MODEL NM-6CA 

(Stoddart Air* raft Rad o Company Incorporated) 

FUNCTIONAL DESCRIPTION 
A pv. table, general purpose radio interference measuring set used for detect¬ 

ing and measuring the intensity of radiated and cenductcc radio interference tn the 
S. L. and X portions of the frequent y spec t rum The 'nstrument may also be used 
for field intensity rneasurirrcnts in the frequency range from 1000 megacycles per 
second to 10. 700 megacycles r second. 

RELATIONSHIP TO OTHER EQUIPMENT. 
An AN/APR-9 RF tuner is required but not supplied. The Stoddart NM-60A 

is the modified commercial equivalent of the AN URM-4¿ 

ELECTROMECHANICAL DESCRIPTION; 
Circuit Information The unit consists basically of a double supe rhetrodynr re 

ceiver incorporating an AN/APR-9 tuner Test results arc indicated by means 
of a < alibrated mete r located on the front panel Three detector weighting < ir 
cuit functions permit average, quass-pcak or peak analysis of the signal being 



RADIO FREQUENCY MEASURING SEI 
MODEL NM -60A 

(Stoddart Aircraft Radio Company. Incorporated) 

ELECTROMECHANICAL DESCRIPTION (Continued) 
measured An impulse calibration method is employed to standardize the re¬ 
ceiver gam for direct meter readings over the entire frequency range 

Power Supply 105 to 125 volts AC. 50 to 400 cycles per second, single - pha <c. 
375 watts 

Frequency Range 1000 tu .0. 700 megacycles per second in four bands 
Intermediate Frequencies ItU and 60 megacycles per secund. 
Selectivity: 1 5 megacycles per second bandwidth at the 6 decibel points 
Image Rejection 6u decibels or better. 
Intermediate Frequency Rejection: 60 decibel* nr better 
Sensitivity as a Two Terminai Voltmeter; 5 co t 5 microvolt* 
Sensitivity as a Field Intensity Meter. 

Broadband Conical Anu nna With h - Fo« t Cable 4b to 68 de c ibe i s ab w I 0 
microvolt per meter, 44 to 64 decibels above 1. J microvolt per meter per 
megac y< le 

Directional Horn Antenna» With 6 - b oot HF ( ubie 44 t > 48 decibel* ab. ve ! 0 
microvolt per meter, 4u to 44 decibels above J. C microvolt per meter ; . 
megacycle. 

Signal to Noise Ratio: Unity -r better based on stated sensitivity 
Audio Output ICO milliwatts mtc. 600 /bms. b r.c l on 1000 tyi les per sec ond. 

modulation and output indication oí 10 microvolt* 
Dynamic Range: 20 decibels 

MANUFACTURERS' OR CONTRACTORS' DATA. 
Stodda rt Ai rc raft Radio Company. Incorporated. 6644 Santa Monic a Boulevard. 

Hollywood 38. California. Approximate Cost per Unit $7.664.00; approved for 
use with Specific ations MIL-I - 1 |748B (Signal Corp*). MIL-L 169 10A (SHIPS), and 
MIL-I-26600 (U S Air Force) 

1 U B L CUMPLEME N T: 

REFERENCE DATA AND LITERATURE; 
Manufacturer's Catalog. 



H ADIO FREQUENCY MEASURING SET 
MODEL NM-60A 

(Stoddart Aircraft Radio Company, Incorporated) 

EQUIPMENT SUPPLIED: 
Quant. 
Per 

Eq'pt 
Name and 

Nomenclature 
Case 
Mat'l 

Stock (USAF) 
Numbers (Navy) 

(Army) 

Overall 
Dimensions 
(inches) 

W eight 
(Lbs.) 

H W D 
1 Meter, Radio-

Ir.tr ríe rene e -
Field Intensity 

4 R F Tune r s with 
Shock Trays and 
Power Plugs 
(Gustóme r 
furnished) 

_ 
1 RF Tuner 

Power Supply 

" ' .. 

1 RI-FI Meter 
Power Supply 

) Power Supply 
•24 vdc 

1 Impulse 
•Calibrator 

_ 

! Control Panel 

1 T ur rent 
Attenuator 

1 Junction Box 

3 Electrical Co¬ 
axial Switches 

1 

— 

Set Inter-connect-
t.ng Cables 

Antenna (Small 
Disc one) 1 0-
>0. 7 kmc 

1 

— 

1 Antenna. Band ¡ 
1 0-2. 5 kme 

_ 
- Electronics Test Equipment 

• 

Stoddart NM-60A 



H ADIO FREQUENCY MEASURING SET 
MODEL NM-60A 

(Stoddart Aircraft Radio Company, Incorporated) 

EQUIPMENT SUPPLIED: 

T ripod 

Remote Meter 
Remote Meter 

Stoddart NM-bOA rient 

¡Headset Exten¬ 
sion Cable 

^Antenna . Band 1* 
•4. 4-7 Okmc 

Tripod Index 
Head 

Antenna, Band t 
2. 5-4. 4kmc 

¡Antenna. Band 4 
¡7. 0-10. 7kmc 
Antenna 
Reflector 

— 
Quant. 
Per 

Eq'pt 
Name and 

Nomenclature 
cCase 
Mat'l 

Stock (USAF) 
lumbers (Navy) 

(Army) 

Overall 
Dimensions 
(inches) 

Weight 
(Lbs. ) 

« w D 



RADIO INTERFERENCE MEASURING SET 
MODEL NM -62A 

(Stoddart Aircraft Radio Company. Incorporated) 

FUNCTIONAL DESCRIPTION 
A genera! purpose microwave superheterodyne receiver designed for detecting 

and measuring radio frequency inte ríe rene v and making field intensity measure 
rnerts. T he equipment may a.so be used as a selective two-term. nal voltmeter 
for conducted interference measurements. Quantitative frequency and field in 
tensity measurements can be made in terms of average, quasi-peak direct-read¬ 
ing peak, or slideback peak detector functions. A meter on the front panel has an 
approximately logarithmic ¿ decade scale calibrated in m'n revolts and an approx 
imately linear scale calibrated m decibels. Calibration charts are provided with 
the equipment. 

RELATIONSHIP TO OTHER EQUIPMENT 
Commercial equivalent to Radio Interference Measuring Set ANURM-138. 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information The frequency range of the equipment is covered by means 

( Cont inued) 



RADIO INTERFERENCE MEASURING SET 
MODEL NM-62A 

(Stoddart Aircraft Radio Company. Incorporated) 

ELECTROMECHANICAL DESCRIPTION (Continued) 
of four .ntergrai radio frequency tuners. /» motor drive system is connected 
to the tuners and provides for automatic scanning over the frequency range of 
the equipment. An internal impulse generator .s used as the reference stand¬ 
ard to calibrate the gam of the equipment. An automatic frequency cont rol cir¬ 
cuit is provided to compensate fur any long period frequency drift in the incom¬ 
ing signal. A turret attenuator provides for attenuation of received signals. 
Jacks and connectors on the front panel provide a stretched video output for 
connection to an oscilloscope, an intermediate frequency output for connection 
to a panadapter, a DC output for connection tu a rectilinear plotter and an 
audio output for connection of a headset. An internal speaker is also provided 
for monitoring the audio signal An omnid; reutionul brvacLand diScone antenna 
is provided to cover the entire frequency range of the equipment. The disconc 
antenna is used primarily as a vertically polarized pickup device A separate 
directive antenna is provided for each of the four radie» frequency tuners The 
antennas for bands 1 and 2 are of the horn type, the antennas for use with bands 
3 and 4 are horn fed parabolic assemblies. The antennas are equipped with 
mounting plates for attachment to a tripod. The power supply is transistorized. 

Powe r Supply 115 or 230 volts, AC. 50 to 60 eye les pe r bee ond or 400 cycles per 
second, s mg i e - phase. 4SÛ watts. 

Frequency Range I to 10 gigacycles (kilomcgacycles) per second in four bands 
Narrow Band Sensitivity (Signal -tó-No;se Ratio of Unity): 

500 Kilocycle Per Second Bandwidth 
Two Terminal 50 Ohm Input 2 to 4 microvolts. 6to 12 decibels above ’ mi 
crovolt, -101 to -95 decibels referred to milliwatt. 
Horn Antennas 20 to 40 microvolts per meter. 26 to 32 decibels above I 
microvolt per meter. 
Discone Antenna 80 to 640 microvolts per meter. 38 to 56 decibels above 
I microvolt per meter. 

5 Megacycle Per Second Bandwidth-
Two Terminal 5C Ohm Input 6 to 12 microvolts. *6 to 22 decibels above I 
microvolt. -91 to -85 decibels referred to 1 milliwatt. 
Horn Antenna». 60 to 120 microvolts per meter, 36 to 43 decibels above 1 
microvolt per meter. 
Disc one Antenna 240 to 1920 mío rovults pe r meter. 48 to 66 decibels above 
1 microvolt per meter. 

- ; iddart NhT-ïTÂ Electronic lest Equipment -



RADIO INTERFERENCE MEASURING SET 
MODEL NM 6.'A 

(Stoddar' A.rcraft Radio Company Incorporated) 

ELECTROMECHANICAL DESCRIPTION’ (Cmiluiued) 
Broadband Sensitivity (Signal-lo None Ratio o( Unity) 

“•00 Kilocycle Per Second Bandwidth 
Two lerminal 50 Ohm Input: 13 to 26 mic rovolls per megacycle per .ecnnd. 
22 to ¿8 decibels above 1 microvolt per megacyr.e per second. 
Horn Antennas 1)0 to 260 microvolts per meter per megacycle per second 
42 to 48 decibels above I microvolt per meter per megacycle per second. 
Dis. one Antenna: 520 to 4160 microvolts per meter per megacycle per sec -
ond. 54 to 72 decibels above 1 microvolt per meter per megacycle. 

5 Megacycle Per Second Bandwidth-
Two Terminal 50 Ohm Input 4 to 8 microvolts per megacycle per second. 
12 to IR decibels above I microvolt per megacycle, per second. 
Horn Antennas 40 to 80 microvolts per meter per megacycle per second. 
32 to 38 decibels above 1 microvolt per meter per megacycle per second 
Discone Antenna: 160 to 1280 microvolts per meter per megacycle per sec¬ 
ond. 44 to 62 decibels above 1 microvolt per meter per megacycle per sec-
ond. 

Voltage Measurement Range 120 decibels greater than rated sensitivity. 40 dec-
ibels in lowest attenuator position. Additional 80 decibels o' attenuation in 20 
decibel steps. 

Input Impedance: 50 ohms with less than 1.5 to 1 voltage standing-wave ratio. 
Intermediate Frequency Output : 60 megacycles per sect nd. 10 millivolts across 

50 ohms. 
Video Output: Bandwidth 2. 5 megacycles per second. Output impcc.ir.ee 300 ohms 
Analog Output 

X Asis 0 to 10 volts DC. voltage proportional tn frequency. 
Y Axis 3. 3 volts DC across 100. 000 ohm load at lull scale meter deflection. 

Internal Speaker Output I watt, maximum. 
Audio Output IGO milliwatts into 600 ohms, miximum. 
Impulse Generator A«ur« , 11 de< ibel over entire frequency range. 
Spurious Response Rejection Image. 60 decibels minimum; al’, others.80 decibels 

minimum. 
Case Shielding Effectiveness 30 dec ibels. 
Local OsuEator Radiation. Less thin 2C0 mu r mu r wafs. 
Meter Range 0 to 100 microvolts. 0 to 40 dccibc.s. 
Meter Over.oad Capacity: 20 decibels past full scale deflection. 
Stretched Video Pulse Width 0. 33 160 or HUO microseconds. 

Electronic Test Equipment - Studdart ÑM-62A 



RADIO INTER b ERENCE MEASURING SET 
MODEL NM-62A 

(Stoddart Aircraft Radio Company, Incorporated) 

ELECTROMECHANICAL DESCRIPTION: (Continued) 
Horn. Band 1 

Frequency Range: 1 to 2. 3 gigacycles per second. 
Power Gain: K decibel»» at I gigacyc le. 16 decibels at 2. * gigacycles per sec -

ond. 
Antenna Factor: ¿0.5 decibels at I gigacycie per second, 22 decibels at 2.3 

gigacycles per second. 
Horn, Band 2: 

Frequency Range 2. 3 to 4. 4 gigacycles per second. 
Power Gain: lédccibels at 2.2 gigacycles per second 22 decibels at 4.4 giga-

cyclcs per second. 
Antenna Factor 20 decibels at 2. 3 gigacycles per second, 21 decibels at 4.4 

gigacycles per second. 
Horn with Reflector, Band 3: 

Frequency Range- 4.4 to 7. 3 gigacycles per second. 
Power Gain- ¿3 decibels at 4.3 gigacycles per second. ¿8 decibels at 7.3 giga¬ 

cycles per second. 
Antenna Factor 18 decibels at 4. 3 and 7. 3 gigacycles per second. 

Horn with Reflector, Band 4: 
Frequency Range: 7. 3 to 10 gigacycles per secund. 
Power Gain: ¿8 decibels at 7. 3 gigacycles per second, 31 decibels at 10 giga¬ 

cycles per second. 
Antenna Factor: 18. 5 decibels at 7. 3 and at 10 gigacycles per second. 

Reflector Cha ractenstic s : 18 inch solid parabola with 7 inch focal length. 
VSWR of Horn and Disc one Antennas Less than 2 to I. 

MANUFACTURERS OR CONTRACTOR:,' DATA 
Stoddart Aircraft Radio Company. Incorporated. 6644 Santa Monica Boulevard. 

Hollywood 38. California. Approximate Cost per Unit. $18,000.00. 

TUBE COMPLEMENT 

REFERENCE DATA AND LITERATURE 
Manufacturer's Brochure. 



RADIO INTERFERENCE MEASURING SET 
MODEL NM-62A 

(Stoddart Aircraft Radio Company. Incorporated) 

Nnme and 

Ra d : c 

* : M - h 2 A 

Sbddart 

Stoddart < 1 4 ‘ »-I 

st Equipment - Stoddart NM-62A 

Quant. 
Per 

Eq'pt 

Horn Antenna 
Stoddart 91891-'. 

Antenna Tripod 
Stoddart 92245-1 

Antenna Reflcc 
tor. Stoddart 
91892-1 

Discone An 
tenna, Stoddart 
90794-2 

Antenna Mount -
■ mg Base 
Studdart 92 34 1-1 

AC Power 
Cable. Stoddart 
92 342-1 

RF Cable 
Stoddart 92477-





PICKUP ASSEMBLY TS- I 31/AP 
(METER. FIELD ST RENGT H, TS-13I/AP) 

FUNCTIONAL DESCRIPTION: 

transmitting antenna In.tailed on an airplane The equ.pment is not designed lor 
permanent installation and i » used /orient purposes only on Transmitting Equipment 
such as AN/APT-1, Radar Set AN/APT-2. etc 

RELATIONSHIP TO OTHER E 
TS-131A/AP is an Improved model. 
Equipment required but not supplied: 

milliammeter withcord and plug). Since I 
the use of I-139-A, it is advantageous to 

OUT PM ENT: 

Test Set I-139-A I®-1 milliampere, DC. 
>ome transmitter adjustments also require 
use two I- 1 39 - A. 

ELECTROMECHANICAL D ESC R I PT1 ON : Circuit Information: 

3F4325-131 
PROCUREM 'T INFO. : USAF Spec No. 71-5051 

USAF 

¡TYPE CLASS. 
STOCK NOS. 

The short antenna rod which is included in the Pickup Assem -

(Continued) 
ARMY 

DESIGN COC USAF ARI. PROCUREME COG 
N.: ICDONAL CLASS. NO. : 5. 

Equipment -

AIR FORCE 
_ Standard 
7CAC-52o237 



PICKUP ASSEMBLY TS-131/AP 
(METER, FIELD STRENGTH, TS-131/AP) 

ELECTROMECHANICAL DESCRIPTION: (Continued) 
aire raí t for testing purposes. Thu ri antenna picks up a small portion of the r adi a-
tion. The signal is rectified by a crystal connected between the antenna rod and 
ground and is then fed through a radio frequency choke into a shielded cable. The 
radio frequency choke is provided to prevent the cable capacity from short cir 
cutting the crystal at high frequencies. 

After passing through the shielded cable, the rectified signal is fed to a rheo¬ 
stat which is in senes with DC milliammeter (Test Set I-139-A). The rheostat 
provides control over the current through the I-139-A so that the equipment may 
be used over a wide range of input signal strengths. 

Power Supply: No power source is required for operation of the pickup assembly 
Frequency Range: 20 to 1000 megacycles per second approximately. 

MANUFACTURERS' OR CONTRACTORS' DATA: 
Cover Dual Company, 5215 Ravenwood Avenue. Chicago. Illinois; Order No 

659-DAY-44; Approximate Cost per Unit, $49.13. Order No. 649-44, 22 February 
1944, Approximate Cost per Unit. $23 31, Order No 985-44, 18 September ¡944. 
Approximate Cost per Unit, $20. 95 

TUBE COMPLEMENT 
1 JAN-1N21B (Crystal Rectifier) 

REFERENCE DATA AND LITERATURE: 
TO 16-35TS131-2 (Maintenance Instructions) 
TO 16-55-80 (Spare Parts List). 

No. of 
Boxe s Contents ë« Identification 

Volume 
(cu. n. ) 

Over-all 
Dimensions 

(>nr he s ) 

Weight 
Packed 
(Lbs ) 

H w D 
! Pickup Assembly, TS-131/AP. 

with accessories. (Shelf pack¬ 
age - water resistant carton) 

. 50 12 

_ 

8 9 t ’ 5 



PICKUP ASSEMBLY 1S-131/AP 
(METER, FIELD STRENGTH, TS-131/AP) 

EQUIPMENT SUPPLIED. 
Quant 
Per 
Eq'pt 

Name end 
Nomenclature 

Case 
Mat'l 

Stock (USAF 
Number« (Navy 

(Army 

Over-all 
Dimensions 
(inches) 

Weight 
(Lba. ) 

H w D 
1 Pickup Aiitm* 

hly TS-131/AP 
leai acceiioriu 

7CAC-526237 

1T4325-131 

6-1/2 1 4 0. 3 

1 Control Box 
C-ill/AP 

1690-325938400 

3F1795-111 

1-31/32 2-102 1-27/32 0. 4 

1 Cord 
CX-149/AP 

1690-322849979 420 
lonf 

0 8 

1 Adapte r 
U-359 

8850-107500 

2Z299-359 

0. 1 

1 Cue 
CT-108/AP 

Wood 1690-3261255 «5 

3F2529-10» 

9-7/8 5-106 6-5/16 

4 Snap Slide 
Stud 

1690-295757257 

2ZB634-3 
3 Spare Crystal 

1N21B 
3300-234137010 

2J1N21B 
1 6 

__ - Electronica Teat Equipment - TS-1 31/aP 





FLUXMETER TS-ll/AP 

RELATIONSHIP TO OTHER EQUIPMENT 
Similar to TS-15A/AP and TS-15B/AP except for certain modification, 

the later model. to f.cilit.te operation and insure greater accuracy of mea.u 
and for additional equipment supplied with TS-15A/AP and TS-15B/AP. 

FUNCTIONAL DESCRIPTION. 
A portable meter used to provide qualitative measurements of the flux de 

between the pole faces of magnets employed in oscillatory circuit, of .-band 
band tr.n.m.tter. The meter calibrated directly m G.mt, of flux d 
All controls «nd indicators are located on the f-ont panel. 

ELECTROMECHANICAL DESCRIPTION: 
Circuit Information Consists of two milliammeter, in sene,. a group meter, am 

a probe meter, a rheostat and associated shunts. When taking measurements, 

>r*.rsad ky th. CUT llltMliliUul »mJI.i.S S, »Ug. AÄX>C . Cttl



FLUXMETER TS-15/aP 

ELECTROMECHANICAL DESCRIPTION: (Continued) 
the probe meter is inserted between the poles of the magnet under test and the 
indications are read on the Gauss meter. The probe meter uses the field of the 
magnet under test to produce a deflection when a current is passed through its 
coil. The indication on the probe meter is always adjusted to the same point by 
varying the current. The current required to produce this reading is then a meas¬ 
ure of flux density. 

Power Supply: 1 5 volts supplied by 1 battery. B A - 30 ( 1. 5 volts) 
Flux Density Range: 1200 to 2300 Gauss "A scale. 

1700 to 3200 Gauss "B scale 
2400 to 4500Gauas scale. 

Accuracy: *2% between limits of 1200 to 1700 Gauss on "A" scale, 1700 to 2400 
Gauss on "B" scale, and 2400 to 3000 on ”C" scale. 

MANUFACTURERS’ OR CONTRACTORS* DATA: 
Marion Electrical Instrument Company, 407 Canal Street, Manchester, New 

Hampshire, Approximate Cost per Unit, $150.00. 
TUBE COMPLEMENT: 

None 
REFERENCE DATA AND LITERATURE 

TM 1 I - 1088 (Instruction Book). 
TM 11-2559 (Instruction Book). 
TO 16-35TS15-3 (Maintenance Ir st zuct tens ). 
TO 16-35TS15-5 
TO 16-35TS15-6 

No. of 
Boxes Contents Identification 

Volume 
(Co. it ) 

Overall 
Dimension* 
(inches) 

Weight 
Packed 
(Lbs.) 

H w D 
1 Fluxmeter, TS-15/AP 

(Shelf Package, Water 
Resistant Carton) 

0. 47 13 9 7 9 

!6ul >MENT SUP ’ L IE. 
Quant. 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAF) 
Numbers (Navy) 

(Army) 

Overall 
Dimensions 
(inches) 

Weight 
(Lbs.) 

H w D 
1 Fluxmete r 

TS-15/AP 
Including: 

Wood 7CAC-312150 
F-17-M-23912-2401 
JF43Z! 

10 6 4-1/2 6. 5 

1 Yoke 
Assembly 

1690 328572000 

3F53400 

1-13/16 1-1/1 2-3/16 

TS- I 5/AP - Electronics Test Equipment -_ 



FLUXMETER TS-ISa/AF 

FUNCTIONAL DESCRIPTION: 
A portable meter used to provide qualitative measurement« of the flux densities 

between the pole faces of magnets employed <n oscillatory circuits of x-band and s-
band transmitters. The meter is calibrated directly in Gauss units of flux density. 
All controls and indicators are located on the front panel. 
RELATIONSHIP TO OTHER EQUIPMENT: 

Similar to TS-1 5B/AP except that TS- SB/A P is not supplied with handle for hold-
mg probe and an additional yoke. 

TS-15A/AP and TS-15B/AP are similar to fS-15/AP except for certain modifi¬ 
cations made to facilitate operation and insure greater accuracy of measurements. 
ELECTROMECHANICAL DESCRIPTION: 
Circuit Information: Consists of two mxliiarr. mete rs in series, a group meter, and 

a probe meter, a rheostat and associated shunts. When taking measurements, 
the probe meter is inserted between the poles of the magnet under test and the 
indications are read on the Gauss meter The probe meter uses the field of the 
magnet under test to produce a deflection when a current is passed through its 
coil. The indication on the probe meter is always adjusted to the same point by 

AIR FORCE NAVŸ ' ARMY 
TYPE CLASS. ■ — 

STOCK NOS. 7CAC-31Z14C ASO Mb-l-AWS-l SAZaP 3F4325-15 A 
PROCUREM'T INFO. : 
PROCUREM 'T COG Army DESIGN COG. Armv ESL 
[f-ILN.: FUNCTIONAL CLASS NO: 5.3 
_ - Bkftwan Text Equipment • IS-15A/AP 

kUC.CttIL B.lK.,4. Ml In U & A. 



l LU X M E T E R T S - 1 5 A ! A F’ 
ELECTROMECHANICAL DESCRIPTION: (Continued) 

varyingthe current The current required toproduce this reading is then a meas¬ 
ure of flux density. 

Power Supply: 1. 5 volts supplied by 1 Battery. BA-JO (1.5 volts). 
Flux Density Range- 1200 to 2400 Gauss. 

2400 to 480C Gaus-. 
4800 to 9600 Cause. 

GapSize: 0.6" - 0.7" 
1.3” • 1. 5” 

Pole Face Diameter: 0.67” - 1. 12" 
1.5” - 2. 0” 

Accuracy: *2%. 
MANUFACTURERS' OR CONTRACTORS' DATA. 

Marion Electrica! inst rument Company. 407 Canal Street, Manchester, New Hamp¬ 
shire, Navy Contract No. NXss-21899: Approximate Cost per Unit. $150. 00. 
TUBE COMPLEMENT: 

None. 
REFERENCE DATA AND LITERATURE: 

TM 11 - 1088 ( Instruí tion Book). TO 16-35TS15-5 
TM 1 I -2559 (Instruction Book). TO 16-35TS15-6 
TO 16-35TS1 5-3 ( Maintenance Instructions). TO 16-55-454 (Spare Parts List). 

No. of 
Boxes Contents & Identification 

Volume 
(Cu. Ft.) 

Overall 
Dimensions 
(inches) 

Weight 
Packed 
(Lbs.) 

H W D 
1 Fluxmeter, TS-15A/AP 

(Shelf Package, Water 
Resistant Carton) 

0. 47 

_ 

13 9 7 9 

:qui: 
Quant. 
Per 
Eq'pt 

’MENT SUP PLIE D: 
Name and 

Nomenclature 
Case 
Mat'l 

Stock (USAT) 
Number. (Navy) 

(Army) 

Overall 
Dimensions 
(inches) 

Weight 
(Lbs.) 

H w D 
I Fluxmete r 

TS-15A/AP 
Wood 7CAC-3I2140 

RJ6-T-AVTSJ5A/AP 
3F4325-15A 

10 6 4-1/2 6. 5 

1 Yoke Assembly lb9O-328572OOi 

3F5 UDO. J 

I -i 1/lb : 1 -l/lb 

1 

1— 

Yoke Assembly 1 - - ’ • 

3F 5 HUO 

2-3/ 16 

L__ 
I 13/16 



FLUXMETER IS I5B/AP 

FUNCTIONAL DESCRIPTION: 
A purtable meter uaed to provide qualitative measurements oí the flux densities 

between the pole faces of magnets employed io oscillatory circuita of x-band and s-
band transmitters. The meter is calibrated directly in Causa units of flux density. 
All controls and indicators are located on the front panel. 

RELATIONSHIP TO OTHER EQUIPMENT: 
Similar to Fluxmeter TS-15A/AP except ai follows: Supplied with handle for 

holding probe, and an additional yoke. 
TS-15A/AP and TS-15B/AP are similar to TS 15/AP except for certain modifica¬ 

tions made to facilitate operation and insure greater accuracy al measurements. 

ELECTROMECHANICAL DESCRIPTION: 
Circuit Information: Consists of two milliammeters In series, a Gauss me 

(Continued ) 

MaltUUhe« I» U 



FLUXMETER TS-15B/AP 

magnet unaer ven to piwuui« - - - -
coll. The Indication on the probe, meter 1» always adjusted to the «ame po n 
varying the current. The current required to produce thia reading is then a meas-

ure of flux density 
wer Supply: I. 5 volts supplied by 1 Battery BA-30. 
IX Density Range: ¡200 to 2400 Gauss 

2400 to 4800 Gauss 
4800 to 9800 Gauss. 

ELECTROMECHANICAL DESCRIPTION: (Continued) 
a probe meter, a rheostat and associated shunta. When taking measurements, 
the probe meter is Inserted between the pole. o( the magnet under test and toe 
Indications are read on the Gaus, meter. The probe meter use. the Held of the 

Gap Sl&e: 0. 5” - 0. 75” 
1. 30" - 1. 51“ 
Z. 0“ - (B model) 

Pole Face Diameter: 0.75“ 
1.615“ 
Z. 0" (B model) 

Accuracy: *Z\. 

MANUFACTURERS' OR CONTRACTORS' DATA: 
Marlon Electrical Instrument Company. 407 Canal Street. Manchester. New Hamp¬ 

shire; Approximate Coal per Unit. $150.00. 

TUBE COMPLEMENT: 
None. 

REFERENCE DATA AND LITERATURE: 
TM 11-1088 (Instruction Book) 
TM 11-2559 (Instruction Book) 
TO 14-35TS15-3 (Maintenance Instructions). 
TO 16-35TS15-5 
TO 14-35TS15-4 
TO 14-55-454 (Spare Part. List). 

Tias 
o. of 
oxe s Contents h Identification 

V clume 
(Cu. Ft. ) 

Over-all 
Dimensions 
(inches) 

Weight 
Packed 
(Lbs ) 

H W D 

1 Fluxmeter, TS-15B/AP 
(Shelf Package. Water 
Resistant Carton) 

0 47 13 9 7 9 

_ 
. en / A n -Lie. tromc s Test Equipment -



FLUXMETER TS-15B/AF 

Quant 
Per 
Eq’pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAT) 
Numbers (Navy ) 

(Army) 

Over-all 
Dimensions 
(inches) 

Weight 
(Lb. ) 

H w D 

1 Fluxmeter 
TS-15B/AP 
Including: 

Wood 7GAC-312130 
Fl 7-KW 3912-2401 
3F43Z5-15B 

10 6 4-1/2 

1 Yoke Assembly 1690-328572001 

3F53400. 1 

1 -1/16 1-11/16 1 

1 Yoke Assembly 1690-328572000 

3F53400 

1-13/16 1-1/Z 2-3/16 

l Handle 

3F 4890-1 

5-3/4 3/4 

1 Adapter Nut 1690-286054116 

2Z306-17 

»/• 3/8 I 

Total: *-»/» 

1 

- Electronic« Test Equipment - TS- 15P A J 1





FLUXMETER TS-15C/AP 

FUNCTIONAL DESCRIPTION: 
A portable meter used to provide qualitative measurements of the flux densities 

between the pole faces of magnets employed in oscillatory circuits of x-band and 
s-band transmitters. The meter »s calibrated directly in gauss amts of flux den¬ 
sity. All controls and moicators are located on the front panel. 

RELATIONSHIP TO OTHER EQUIPMENT: 
Similar to Fluxmeter TS-15B/AP except as follows Exte rnal dimensions and 

weight altered, metal case instead of wood case, four probe meter adapters instead 
of two. 

E LE C T ROM E CH A NIC AL DESCRIPTION 
Circuit information: The circuit consists of two milliammeters in series, a gauss 

meter, a probe meter, a rheostat, and associated shunts. When taking measure¬ 
ments, the probe meter is inserted between the poles of the magnet under test 
and the indications are read on the gauss meter. The probe meter uses the field 
of th* magnet under test to produce a deflection when a current is passed through 
its coil. The indication of the probe meter is always adjusted to the same po:nt 
by varying the current. The current required to produce this reading is then a 



FLUXMETER TS-15C/AP 

ELECTROMECHANICAL DESCRIPTION (Continued) 
measure oí flux density. 

Power Supply: 1.5 volts supplied by I Battery BA-30. 
Flux Density Range l¿00 to ¿400 gausses. 

¿400 to 4800 gausses. 
4800 to 9600 gausses. 

Gap Size 0.6 inch to 4. 44 inches (using probe meter adapters). 
4.44 inches and wider (using probe meter handle). 

Pole Face Diameter: 0.87 inch to 2 inches. 
Accuracy *2%. 

MANUFACTURERS’ OR CONTRACTORS’ DATA: 
T.L.G. Electric Corporation, 31 West ¿7th Street, New York 1, New York. Or¬ 

der No. 3364-Phila-5¿, 9 March 1954. Approximate Cost per Unit, $¿50.00. 

TUBE COMPLEMENT None. 

REFERENCE DATA AND LITERATURE: 
T L.G. Electric Corporation. "Instruction Book for Fluxmeter TS-15C/AP. 

SH IPP1NG 

SUPPLIED: 

No. of 
Boxes Contents k Identification 

Volume 
(Cu. Ft.) 

Overall 
Dimensions 

(inches) 

Weight 
Packed 
(Lbs.) 

H w D 
1 Fluxmeter TS-15C/AP 

(including adapters and 
probe meter) 

1/2 8-1/2 10-1/2 9 9-1/2 

Quant. 
Per 
Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Stock (USAF) 
Numbers (Navy) 

(Army) 
Di 

Overall 
mensions 
Linches) 

Weight 
(Lbs.) 

H W D 
1 Fluxmete r 

TS-15C/AP 
Alunn 
num 

7CAC-312175 6 8-1/2 6-1/2 6 

Adapter ÍPoly-
elhel-
ene 

4-7/16 1-1/8 
dia. 

1 Adapte r Brass J 1 -7/8 1-1/2 
1 Adapte r Brass 1-1 1/1Í.- 1 -3/32 1 
1 Adapte r ¡Brass 2 i -1 yi6 1-1/2 
1 Handle Alum 5-1/4 3/4 

' * 

1 

^rsTTs 

Probe Meter Bake¬ 
lite 

; r ¿-5/8 1-3/4 

C/AP_ - Electronics Test Equipment -__ 



GAUSSMETER 
MODEL D-?9 

(Dyna-Labs, Incorporated) 

FUNCTIONAL DESCRIPTION: 
A portable, general purpose instrument used to measure the magnitude and 

direction of flux density The unit may also be used to determine flux paths and 
to locate leakage fields Test results are indicated on a calibrated meter located 
on the front panel of the equipment 

RELATIONSHIP’ TO OTHER EQUIPMENT 

ELECTROMECHANICAL DESCRIPTION 
Circ uit Information. The meter operates on the principle of the Hall effect" (t.-.e 

development of a transverse, electric potential-gradient .n a current tarrying 
conductor) A non-magnetic probe i s used a s the c u r re r.t carrying conductor and 
constitutes one arm ofabridge circuit When the probe is inserted in a mag¬ 
nifie field, the bridge becomes unbalanced in proportion to the strength of the 
magnetic field. A highly sensitive probe is previde-d for measurement of low 
density fields and a linear probe is provided for measurement of high density 



GAUSSMETER 
MODEL D-7Q 

(Dyna-Labs. Incorporated) 

ELECTROMECHANICAL DESCRIPTION (Continued) 
fields The probes are constructed of a noncnrrusivc rust proof material 
When performing measurements above the normal ambient temperature and 
humidity range, the instrument should be compared to a standard magnetic 
field and readjusted for a true meter reading. 

Power Supply. IOS to 125 volts. AC, 50 to 60 cycles per second, single-phase 
75 watts. 

Meter Range 10 to 30 000 gauss AC (rms) or DC in four ranges 
Frequency Response: Flat to 400 cycles per second, comparative reading s to I 000 

cycles per second. 
Meter Accuracy: *2 5% over the entire range. 
Calibrated Magnetic Air Gap Accuracy, ti’/'oof value indicated. 

MANUFACTURERS' OR CONTRACTORS' 
Dyna-Labs. Incorporated, 1075 Stewart Avenue 

New York. Approximate Cost per Unit, $350 00. 

DATA; 

Garden City. Long Island. 

TURE COMPLEMENT 
1 6X4. 1 6AL5. 1 I2AU7. 4 6AUb 

REFERENCE DATA AND LITERATURE: 
Manufacturer's Catalog 

EQUIPMENT SUPPLIED: 

Quant. 
Prr Name and 

Nomenclature 

c ßtock (USAF) 
. . ,, Numbers (Navy) 
Mat 1 3 A (Army ‘ 

Overall 
Dimensions 
(inches) 

Weight 
(Lbs.) 

H W D 

1 Gaus srnetc r 
Dyna-Labs D-79 

Metal 13 6 - 3/4 10-1/2 10. 5 

2 Probe» 025 .¿00 1 3/4 

1 Cable 4K long 



AUDIO LEVEL METER AN, CRM - JR 

FUNCTIONAL DESC R I PTION : 
A portable, general purpose equipment used te» measure the intensity of audio 

signai Test results are indicated by a hermetically sealed meter calibrated in 
decihels 

RELATIONSHIP TO OTHER EQUIP MEN I 
The AN/URM-3R is the overall nomenclature for Audio Level Meter ME-49/U 

The AN/URM JR is similar to Audio Level Mett r Hickok 900-079. 

ELECTROMECHANICAL DESCRIPTION 
Circuit Information: The instrument is a nonelectronic device which utilizes a 

copper oxide rectifier to convert the input audio signals to DC fur energizing 
the meter movement 

Power Supply None 
Frequency Range 60 to 10. 000 cycles per sec und 
Decibel Range -20 to +2 decibels. + 2 to *16 dec ihels; -16 to +30 decibels. 



AUDIO LEVEL METER AN/URM-38 

ELECTROMECHANICAL DESCRIPTION (Continued) 
Meter Movement: ¿17 nuc roampt for full scale deflection. 
Meter Accuracy: ±2% of full scale. 
Input Impedance: 600 ohms. 

MANUFACTURERS’ OR CONTRACTORS' DATA: 
Hickock Electrical Instrument Company. 10514 Dupont Avenue. Cleveland. Ohio; 

Contract No. NObsr-49136 

I'UBL COMPLEMENT: 
None. 

REFERENCE D A I A AND LITERATURE 
NavShips 91470 

. 
Quant, 
Per 

Eq'pt 

Name and 
Nomenclature 

Case 
Mat'l 

Slock (USAF) 
lumbers (Navy) 

(Army) 

Overall 

Dimensions 

_ linche»} -
H W r D 

Weight 
(Lbs. ) 

■ 

1 

Audio Level 
Meter AN/URM-
38 

Inc I uding : 

Audio Level 
Meter ME-49/U 

AJumi|F16-Q- 123752-
num j 0100 

1 _ _ 

J.5 H 5-1/2 7-5/32 

I Transit Case 6-3/8 8-1/2 4-3/8 

2 Test Lead 48 long 



DECIBEL EQUIVAUNTS TO CURRENT, 

VOLTAGE, AND POWER RATIOS APPENDIX IV 

The word Decibel ia frequently used tv express the ratio of any 
two dimensionally equivalent quantities in convenient numerical terms. 
It ia simply a logarithm of a ratio to the base ten. In practice, the engin¬ 
eer often refers to a quantity as io many decibels Mup*' or ’’down” with 
respect to another quantity. This means that, if quantity a is "up” a given 
number of decibels on quantity b, the ratio of a/b is greater than unity, or 
if the a is "down" on b, the ratio a/b is less than unity. Sometimes +db is 
used to express the fact that the ratio ia greater than one and -db for ratios 
less than one. Since the engineer always can use the reciprocal of any ratio 
to obtain the same result when expressed in decibels, it is never necessary 
to use a conversion table showing ratios less than unity. 

The number of decibels. 
P./PgOF P»/ P; is defined ae 

N , corr ph ponding to a power ratio 
db 

±Ndb » 10 Log,, (P./P2) or 10 Log, e (P,/PJ (1) 

If P,/Pa > 1. P, is up on (larger than) P, and the sign of may be taken 
as 4. Howeve r. if P./Pa 1. that is P^ /P, >1. P) is down on (less than) 
P? and the sign is -. 

In the case of direct currents, power xs the product of the cur¬ 
rent I and the voltage E, that is P * IE. Since the resistance R is de¬ 
fined as E/l, the power may be taken as P ” E'/R or P = I?R. Thus 
P:/P, • lE^E^xIR./R.lor P,/P. - (I. /IJ’ x (R, /R,). This mean» 
that provided the currents Ij and I? are flowing into the same resistance 
(R, * RJ the power ratio may be expressed as 

*Ndb « 10 Leg,, (1,/1:)> (2) 

» 20 log, o (!,/!,) (3) 

or also as *N.. = 20 Log,. (E. -E,) 14) 
do 

In the case of alternating currents, the product IE must be mu! 
tiphed by the power factor in order to obtain the power. Rut if now the 
currents 1. and 1-, are flowing into the same impedance (Z - Z?), the power 

IV - 1 



factor will cancel when the ratio P:/Pa >* formed, and the expressions 
given above remain correct provided that , Ia, E 1( and E2 are inter¬ 
preted as the absolute values of these quantities. It should be noted that 
the first expression, involving the currents, remains correct even for 
different impedances provided only that the resistances are equal. But 
the second expression, involving the voltages, it correct only if both the 
resistances and the reactances arc equal. 

Ln case the designer desires to obtain the current, voltage, or 
power ratio when the number of decibels is known, the relations are: 

(S> 

10‘Ndb/20 
(6> 

(7) 
P. P; 

keeping in mind, as before, that the number of decibels cor responding 
to any value of the ratios is the same as that for the reciprocal, but the 
sign is different. 

The table given in this appendix. Figure IV-2. may be entered 
to obtain the ratios of currents, voltages, and pcwer corresponding to 
decibel numbers from 0. 1 to 20.0 This range of decibels covers ratios 
of current and voltage from 1.012 to 10.00 and ratios of power from 
1.023 to 100. 

The designer of radio interference suppression equipment will 
not frequently have occasion to deal with rat-os or decibel values amalle 
than those shown in the table. Figure IV-2. Ln those cases, however, th 
designer may easily compute any of the values lying below the range of 
the table from the equations given above or the approximate formula. 
Njk = 8. 5 ( I J j/lj I - 11, with an err or lees than 0. 00 1 db. 

Usually radio interference problems demand consideration of 
larger values of attenuation. Figure IV-1 is helpful in determining the 
ratios for larger values of decibels in 10 db steps from 10 to 160 db and 
may be used in conjunction with Figure IV-2 to quickly obtain intermedi¬ 
ate values as in the following examples: 

{a) To determine current ratio corresponding to 43.6 db. enter 

IV-2 



Figure IV-1 and note that 40 db is equivalent to a current 
ratio of 100. Entering Figure IV-2 shown that 3. 6 db is e-
quivalent to a ratio of 1.514. Then to obtain the ratio for 
43. 6 db, multiply 1. 514 x 100 which gives 151. 4. 

(b) To find the voltage ratio for ^b. '• db, enter Figure IV-1 and 
find 3. 162 x 103 opposite 50 db, multiply this by 2. 163 from 
Figure IV-2 opposite 6. 7 db and obtain 68 3, 9. Or to find the 
corresponding power ratio enter the same tables in the power 
column and get 100, 000 x 4. 677 or 467, 700. 

(c) Conversely, to find the number of decibels corresponding to 
a current ratio of 2427 divide by 1000 = 10’, enter Figure 
IV-2 opposite 2.427 and find 7 7 decibels, enter Figure IV-1 
opposite 10J. and find 60 decibels opposite 103. then add to 
obtain 67.7 db. 

Dec i be Is Current of Voltage Ratio Power Ratio 

P/P2 

10 
20 
30 
40 

3 162 
¡0. 000 
3.162 x 10 

102

10 
10 2 

lü4 10 
50 
60 
70 

«9 -

l. 16? > 10* 
10 3

3 162 x ¡0 3 

10« 

10’ 
IO6
107
108

90 
100 
1 10 
120 

3 162 » 10« 
108

1. 162 X 108
IO8

10’ 
to 1 ° 
10 1 * 
1012 

130 
140 
J 50 

. 160 

3. 162 x 10 b 
)07

3.162 x 107
I08

10 1 3 
10 1« 
IO 15 

10 > 8

Figure IV-1. Decibel Values Cor re spending to Power Ratios and 
Absolute Values of Current or Voltage Ratios. (For reciprocal 
ratios use negative sign for decibels. For negative decibel values 
take reciprocal ratios.) 

IV-3 



Fig. IV-2. Decibel Values Cot r e spend.ng to Power Ratios and Absolute 
Value of Current and Voltage Ration (’Jse negative db values for re¬ 
ciprocal ratios or reciprocal ratios for negative db values. ) 

IV-4 



INDEX 

Acceptance ratio 
calculating, 1-1, 1-2 
definition of, I - 1 
digital ays terns, 1-24 
input, 1-9 
receiver characteristic» for. 
1-9, 1-10, 1-11 

Acceptable performance, 1-1 
see acceptability criteria 

Acceptability criteria 
for digital systems. 1-24, 1-25 
for facsimile systems, 1-25 
for radar. 1-16 to 1-20 
for receivers, 1-b to 1-11 
for teletype systems, 1-25 
for television, 1-15 

Acoustic spectrum. 1-6 
Aerospace vehicle. 6-3 
Air conditioning, 3-22 
Air traffic control. 1-16 
Alidade, 3-35 
Alpha rhythm, 1-3, 1-4 
Ambient signal level, 7-4 
Antenna 
absolute antenna gain, 7-71 
tc 7-73 
broadband antenna Polarad 
CA-B, 3-14 
broadband rod discone Stoddart, 
3-14 
calculating, gain of, 2-21 to 2-23 
correction factors, 2-22 
electroexplosive device circuitry 
as an, 6-12 to 6-15 
gain at harmonic frequencies, 
2-23 to 2-24 
loss due to off axis pointing, 
2-25 to 2-27 
loss due to polarization, 2-24 
measurement of radiation pat¬ 
tern, 3-31 through 3-42 
non-rotatablc, 7-75. 7-77 

pattern considerations, 2-26, 2-27 
relative antenna patterns. 7-73 
to -75 
rotatable, 7-75 
»electing and mounting, 3-19 
.sed in spectrum search 
applications. 3-5 

A per ature 
circular. 6-6 to 6-10 
r tangular , 6- 10 to 6 -12 

Apperceptive variables. 1-6 
.Arranging mobile laboratory 
equipment, 3-15. 3-17 

A- scope, 1-12, 7-43 
Attenuation, (db¡ 5-1 
Audio amplifier. 4-11 
Audio frequency meter. 4-2 
Auditor y c ire uitr y. 1-3 
Automatic data processing 
equipment, 1-2. 1-3 

Automatic gain control. 1-21 
Average, 3-2 
AVNL (automatic video noise 
limiting!, 7-43 

Azimuthal reference points, 3-36 
bandpass filters. 7-47, 7-49 
Bandwidth, 1-2, 1-4, 1-7, 1-11, 
4-31, 7-9 

Buu«c transmission 
equation, 2-37 

Basilar membrane, 1-6 
Beacon tracker, 3-32 
Beat frequency, 1-9 
Beat note, 1-2, 1-10 
Bonding, 5-7 
Cable gap length, effects of, 3-85 
Cable grounding c onfiguration, 
3-77, 3-79, 3 - HO 

Calculation on harmonic levels, 
2-10 

Calibration, 4-6 4-8, 4-38, 
4-32, 7-4 



INDEX (Continued) 

Calibrator, interference 
measuring instrument. 4-6 

Capture effect. 1-2. 1-10, I-!! 
Carrier frequency. 1-2 
Carrier to interference ratio. 
1-10 

Cathode-ray tube 1-12 
Census. 2-7 
Channel allocation, 1-12 
Choosing an interference 
meter, 3-2 

Circular ape rature, b 6 
Closed system test. 7-35 
Coaxial reversing switch, Bird 
72R. 3-14 

Coaxial switch, 7-11, 7-13, 
7-16, 7-19. 7-22. 7-27 

Coaxial switch.Bird. 74. 3-14 
Cocklear mechanism. 1-6 
Coherent interference. 1-14 
Conductivity, 5-1. 5-2 
Conical antenna. 4-36 
Contact area, 5-5 
Contact pressure. 5-5. 5-6 
Control panel. 3-19 
Cortex. I - 3 
Critical fusion frequency. I -1 3 
Critical response 1-4 
Cross modulation. 1-2, 1-10 
Decibel equivalents to current, 
voltage, and power ratios. 
IV- 1 to |V-4 

Depth of modulation, ! -2 
Desensitization. 1-1. 7-61, 7-63 
Desired information for antenna 
patterns. 3-42 

Detectability. 1-7. 1-18. 1-19 
Detector and weighing circuits. 
4-9 

Dial plate. Mallory. 3-7o 
Different frequency, 1-2 
Diffraction 2- 3 

Digital data transmission rate. 
1 -22 

Diode detector 1-10 
Directional antenna, 4-35 
Discone antenna, 4-36 
Discriminator, 1-11 
Displayed information. 1-3 
DOD spectrum signature 
program. 2-10, 2-21 

Dynamic range, 6-16, 7-2, 
7-66 to 7-68. 7-74 

Effective aperature of the 
antenna. 7-5 3 

Effective radiated power, 2-10. 
7-74 

Elec troexplosive devices. 6-2. 
6-3, 6-5, 6-12, 6-14, 6-16. 
6-17 

Electromagnetic field. 5-1 
Electromagnetic Tec hnology 
Corporation. 7-35 
Electronic compatibility analy¬ 
sis c enter 2-21, 7-1 

Electronic environmental 
studies, 3-3 

Emission spectra. 7-22 
Equipment c ategor íes. 4-12, 
4-14 

Establishing a measurement 
capability 
requirements for measure¬ 
ments, 3-4 
user requirements, 3 5 

Exploding bridge wire, 6-3, 
6-5 

Facsimile, 1-3, 1-12, 1-24 
Facsimile transmission, 1-20 
Far field distance, 7-1, 7-2, 
7-16, 7-71 

Far field measurement, re¬ 
quirement for, 3-4 

Fatigue factor. 1-8 
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field intensity meter calibra¬ 
tion. 3-36 

Field intensity meter Stoddart 
NM-20B 
characteristics of. 3-7 
component parts required, 3-8 
spare parts required, 3-8 

Field intensity meter Stoddart 
MM-30A 
characteristics of. 3-8. 3-9 
component parts required. 3-9 
spare parts required. 3-10 

Field intensity meter Stoddart 
NM-52 
characteristics of. 3-10, 3-11 
component parts required, 3-11 
spare parts required, 3-11 

Field intensity meter Stoddart 
NM-62A 
characteristics of. 3-12 

Field strength meter. 4-1, 4-2 
Filter data, expressed as, 2-11 
Fixed wing aircraft, 3-32 
Flight patterns 
azimuthal. 3-38. 3-42 
vertical, 3-37, 3-42 

FM receiver, 1-11 
Forrer, 7-37 
Four-thirds earth radius pro¬ 
file paper, 2-35 

Fraunhofer region, 6-6 
Frederick Research Corporation, 
3-42, 3-47. 3-50, 7-49 

Free space propagation loss. 
2-21 

Frequency coincident. 1-9, 1-10 
Frequency, critical fusion. 1-13 
Frequency deviation, 1-11 
Frequenc y differential, l-l 1 
Frequency marker, 4-33 
Frequency meter. 4-37. 7-11. 
7-1 3. 7-45. 7-47. 7 59 

Frequency meter Gertsch FM-6. 
3-12 

Frequenc y modulation, 1-11 
Frequency selective voltmeter. 
7-15. 7-19, 7-30. 7-70 

Frequency shift keying, 1-11 
Fresnel region, 6-6, 7-78 to 
7-80 

FTC (fast time constant), 7-43 
Fuel storage, 3-21 
Generator for susceptibility 
tests, 3-2 

Hall power beamwidth. 7-73 
Half wave dipale. 4-35, 6-16 
Harmonic distortion. 1-2 
Hat channels, 5-6 
Helicopter. 3-32, 3-35 
Heterodyne field intensity meter, 
6-16 

Heterodyning GW carriers. 1-9 
High impedance field, 5-2 
Horizontal antenna, 4-14 
Horn antenna. 4-36 
Human responses, 1-3 
Hystertsis. 1 -25 
Identification of speech sounds, 
1-7 
Impedance matching networks, 
3-47. 4 - 4, 4-5 

Impedance mismatch, 2-11 
Impulse interference bursts. 1-23 
Impulsive interference, results 
from. 1-14 

Indic ating devu es . 4-11, 4-12 
Information theory, 1-4 
Insertion loss. 1-1, 1-3, 11-1, 
11-2, ¡1-3 

Instrumentation for receiving 
and recording. 3-35 

Intelligence, 1-3, 1-7, 1-10 
Intelligence masking beat note 
product. 1-9 
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Intelligibility 
see intelligent e 

Intercom system lain A Ph nt 
3-13 

Inte r fe rene e 
adjacent channel, I -19, 2-12 to 
2-14 
affects to a given system, I -2 
categories of measurement. 3-’ 
cochannel, 1 -2 
digital errors due to, I -22 to ! -24 
effects on the ear, 1 -4, I -6 
effects to a desired signal. ! -2 
equivalent curves, 3-1 
forms of, 1-3, 3-1 
fundamental cochannel, 2-8 t. 
2-10 
harmonic cochannel, 2-10 to 
2-12 
human responses to, 1-3 
impulsive, 1 -14, 1-23, 1-24, 
3-1, 3-2 
measurement of, 3-1. 3-2. R-) 
meter reading of impulsive. 3-2 
meter reading of random, 3-2 
mutual, 1 -1, 1-9 
periodic interferring signal, 3-1 
prediction, 2-38 to 2-47 
properties used to character!, e. 
3-1 
random, 3-2 
reasons for measurement, 3-3 
signal consisting of a single 
transient, 3-1 
spectrum, 1 -7 
spurious emissions, 2-21. 7-2, 
7-19 
suppression techniques, 3-44. 
3-45, 3-106. .3-107 
to digital data communication 
sy stems, 1 -2 I 
types of, 2-7, 2-8, 4-1 

typical tests of. 3-31 
visual characteristics of. 1-14 
visual effects of, 1-12, 1-13 

Interference test sets. UI-1, IU-2 
Intermediate frequency amplifier, 
4 -8 

Interference meters, 3-7 tn 3-12, 
4-1, 4-12 to 4 -29 

Intermodulation, 1 -2 
Intermodulation products, ! -9 
Inverter. Generator Corp.. 3-21 
Isochronous, signals, 1-9 
Jacobs. 7-78. 7-88 
J -scope, 1-12 
Knapp, K. W., 6-15 
Lambdin, W. S. , b-15 
Lewis. 7-37 
Lindeman, Benjamin, 7-78, 7-88 
Loop antenna, 4 -34. 4-35, 4-36 
Low impedance field, 5-2 
Low pass filters, 2-11, 7-15. 7-34, 
7-47, 7-49 

Magnetic field, 5-2 
Masking, 1 -6, I -7 
Masking, auditory, 1 -6 
Masking, effect, 1-10 
Masking, efficiency, 1-7 
Mast, auxilliary, 3-14 
Mast, permanent, 3-15 
Measurement on pulsed radar 
transmitters. 7-9 

Measurement personnel, 3-5 
Measuring the insertion loss oí 
filters, I-1 to I-3 

Measuring the radio frequency im¬ 
pedance of bonds. II-1 to II-4 

MIL-E-4957A(ASG). 5-9 
MIL-I-6181D. 4-12, 4-28, 4-29, 
7-3 

Mil. -Ï-I I 748B. 4-14. 4-28. 4-29 
MIL-I-16910A. 3-43. 3-44. 3-45. 
3-47, 3-48, 4 -5. 4-12, 4-22. 
i-27, 4 -28. 4 -29, 4 -34. 7-3 



INDEX (Continued) 

MïL-1-26600, 3-77, 3-7?, 3-97. 
3-98. 3-107, 3-108. 4-12. 4-29. 
7-3 

Milliamberts, 1-13 
Mixer and local oscillator, 4-8 
Mobile audio amplifier, Stromber) 
Carlaon, SAM-88, 3-13 

Mobile laboratory 
basic considerations for. 3-t> 
equipment required. 3-6. 3-7 
heavy duty, 3-28 
human engineering considerat’ons, 
3-6 
specialized. 3-28 
technical or equipment consid¬ 
erations for, 3-6 

Modal cutoff frequencies. 7-36 
Mounting mobile laboratory equip¬ 
ment. 3-17 

Morse Code, 1 -4 
Multiple azimuthal patterns, 3-42 
Mumford, 7-78, 7-88 
Near field measurements. 3-4 
Near zone region, b-5 
Noise 
channel, 1 -4 
c oherent, 1 -14 
impulse, 1 -23 
inherent receiver, 4-8 
random, 1-4, 1-7, 1-14, 1-16 
shot, 4-7 * 
white, 1-22, 1 -23, 3-1, 3-2 

Noise in the digital communica¬ 
tions field, 1 -22 

Nein -isochronous signal, 1-10 
N«n-linear effects. 1-2. 1-9 
Nuisance value, 3-2 
Omnidirectional antenna. 4-35. 
7-73, 8-3 

Or.e way transmission equation, 
2-1 

Open field test, 7-35 

Optical tracker. 3-32 
Over exposure to high intensity 
radiation. 6-2 

Panadapter Panoramic SA-8B. 3-12 
Panoramic adapter, 4-29, 4-30, 
4-32, 4-33 

Parallax corre< taons. 3-39 
Parameters involved in RP1 pre¬ 
diction, 2 -1. 2-2 

Pattern caused by interference be¬ 
tween radars. 4-17 

Peak linear detector. 1-9 
Perceptibility, 1-7 
Perception threshold, 1 -4 
Phosphor bronze contact fingers, 
5-8 

Pickup devices 
loop antennas 4-35, 4-36 
rod antennas. 4-35, 4-36 

Plane of reference. 7-70, 7-71 
Plane wave. 5 -I 
Polar coordinate display, 3-37 
Polarization. 2-2 
Power density, b-2, 6-4, 6-5, 6-9, 
6-14, 7-9. 7-16, 7-20, 7-27, 
7-52, 7-73 

Power plant, Onan 5ccK-lR 
characteristics of, 3-20, 3-21 

Power plant. Onan 5ccK3R. 3-21 
Power within receiver bandwidth. 
2-1 1 

Power falling within the receiver 
passband, 2-12 

PPI scope. 1-3, 1-4. 1-16. 1-17 
Price, Vernon G. , 7-35. 7-37 
Propagation path, 2-2 
Protecting a digital information 
channel, I -2 3 

Pulse modulated, 1-3, 1-4 
Pulsa power spectrum. 2-14 
through 2 -20 

Pulse repetition frequency, 1-17 
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Pul sc system, i-3 
Pulsed carriers, spectral compo¬ 
sition, 2-l¿ 

Rabbits, 1-19 
Radar contact with Venus, I -20 
Radar pe rf or m;» ne e criteria. 1 - ! I 
Radar receiver measurements 
adjacent channel. 7-57 to 7-60 
dynamic range. 7-66 to 7-68 
intermodulation, 7-55 
oscillator radiation. 7-83 r. I 7 
pulse de sensit izat: on, 7-61 to 
7-66 
selectivity, 7-44 to 7-47 
sensitivity, 7-41 to 7-44 
spurious response. 7-47 to 7-52 
susceptibility, 7-52 to 7-54 

Radiation hazards 
calculation of 6-5 to 6-12 
measurement and prediction 
6 -4 to 6-5 
test equipment • tins: derations, 
6-15 to b-16 
test equipment for measurement 
of, 6-16 to 6-17 
to flammanle fuels, 6-3 
to ordnance, 6 ~¿ 
to personnel, 6- I 

Radio frequency amplifier. 4-5 
Radio Frequency Compatibility 
Program, 7-1 

Radio line of sight maps, 2-'3 to 
2-34 

Radio line of sight profiles, 2-3« 
to 2-36 

Rate of interruption, I -7 
Receiver bandwidth, 2-11 
Receiver RFI fixes, 3-44 
Receiver special purpose circuits, 
7-45 

Receiver tests t > MIL-I-16910A 
conditiuns for, i • I ' 

conducted report terms for, 3-48 
equipment radiated, 3-68, 3-69 
equipment required for. 3-45, 
3-46 
equipment spectrum signature 
radiated, 3-7C 
equipment spectrum signature 
susceptibility, 3-72 
external systems connections 
conducted. 3-5 3 to 3-6 3 
p >w< r line conducted. 3-50 to 
3-52 
procedure tor. 3-47 
radiated report terms for. 3-48 
receiver oscillator interference 
3-6 3 to 3-65 
results of. 1-72 
sample calculations of. 3-49. 
3-50 
undcsired radiation, 3-65 to 3-67 

Recognition level, 1 -3, I -24 
Recorder Esteriine Angus AW. 3-14 
Recorder events marker, 3-35 
Rectangular aperature, 6-10 
Reflection loss, 5-3 
Reflection path, 6-4 
Remote rf switch. General Com¬ 
munications, 3-14 

RF amplification, 1-9 
RF energy, penetration charac -
teristics, 6-2 

RF shielding techniques, 5-5, 5-7, 
5-8 

RFI suppression techniques,to re¬ 
ceiver, 3-44, 3-45 

RFI suppression techniques.to 
microswitch, 3-106, 3-107 

RFI suppression techniques,to a 
transistor switching circuit, 
3-114 

Rhombic antenna, gam of. 3-31 
Rod antenna. 4-35, 4-36 
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Root mean square. 3-2 
Rotary switch 
Centralab 1001, 3-5 
Centralab 1004, 3- 5 
Scan rate, 1-3 
Seam welds. 5-7 
Sector blanking 6-5 
Selectivity, 1-9. 1-10 
Sensitivity, 4-33 
Sensory apparatus. 1-3 
Serpentine flight path, 3-37. 3-18 
Sharp. 7-37 
Shielded enclosure 
attenuation curve, 5-2 
»ell type, 5-9 
double shield isolated wall, 5-10 
single shield isolated wall, 5-10 

Shielding effectiveness, 5-1. 5-3 
Signal ac ccptabi.ity criteria for 
radars. 1-16 

Signal detectability, 1-4 
Signal generator. 4-36. 7-13. 
7-19. 7-20. 7-27. 7-41, 7-43, 
7-44 7-45. 7-52. 7-57 7-63, 
-66. 7-71 

Signal sampler, 7-36 
design of, 7-38 

Signal substitution. 5-37. 3-39, 
7-32 to 7-35 

Signal to interference ratio. 1*8. 
1-10. 1-11, 1-12, 1-15, 1-18. 
1-24, 2-1 

Signal to noise ratio J-7 1-h. 
1-18, 7-85 

Single side band receivers. 1-10. 
1-11 

Single side hand suppressed 
< arr ier signal, 1 - 10 

Slide bark circuit. 411 
Space charge. 4-7 
Spark discharge. 6-3 
Spatially periodic stimuli 1-13 

Spectrum analyzer 
bandwidth. 4-31 
calibration, 4-32 
frequency marker 4-33 
resolution, 4- *0 
sensitivity. 4-33 
sweep frequency, 4-32 
sweep rate, 4-32 
sweep width, 4-31, 4-32 

Spectrum distortion, 7-20 
Spectrum search, 8-2. fl-3 
Spectrum signature, 3-3. 3-31, 
3-44, 3-70. 7- 1. 7-2, 7-3,7-87 
Spectrum signature collection 
plan, 7-2 

Speech c utoff, 1-7 
Squib, b-3 
Standard test frequencies, 7-2, 
7-20 

SIC (sensitivity time control), 
7-4 3 

Storage. 3-22 
Stub-type tuners. 7-49 
Superposition 1-2 
Sweep frequency. 4-32 
Sweep rate. 4 - 32 
Sweep width. 4-11. 4-32 
Switching ar rangement, 3-19 
Synchronism. 1-3 
Sync hroscope-spectrum analyzer, 
Polarad TSA-S 3-12 

Tapered aperature horn, gain 
of. 3-31 

Teletype. 1-3. 1-12. 1-25 
Television Allocations Study 
Organization. 1-12, 1-15 

Temperature limited. 4-7 
Tests to determine methods uf 
giuundmg able shield 
conditions for. 3-77, 3-79 
equipment for. 3-77 
radiation test, plain shielded 
able. 1-00 
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Tests to determine methods of 
grounding cable shield 
results of. 3-79 
susceptibility test connector 
in shielded cable 3-92. 3-97 
susceptibility lest plain shielded 
cable, 3-80. 3-85 

Tests to determine methods of 
suppressing interference from 
a transistor switching circuit 
procedure for. 3-108 
r e a ul t s o f. 3-113 
tests performed. 3-108 to 
3-113 
suppression techniques. 3-114 

Teets to determine relative ef¬ 
fectiveness of suppression 
measures in a relay micro¬ 
switch circuit 
conducted interference. 3-96 
conductions for. 3-98. 3-100 
radiated interference. 3-97. 
3-98 
results of. 3-100, 3-103, 3-106 
suppression techniques. 3-106. 
3-107 
test equipment. 3-98 

Test report signatures, 3-72 
Theodolite, 3-35 
Thermal agitation. 1-3, 4-6 
Three dimensional pattern 
antenna design for, 3-32. 3-3* 
measurement of. 3-32 
power output requirements 
for, 3-32 

Three point, wedge type locking 
system. 5-8 

Threshold detection of signait» 
auditory, 1 • 4 
speec h detectability, 1-7 
speech intelligibility. 1-7 
speech perc eptib.lity, 1 -7 
visual, 1 -4 

Threshold oí vision, 1 — 13 
Threshold sensitivity, 1-3 
Threshold signal to interference 
ratio definition, 1-J 

Tolerable interference. 1-8 
Tolerable interference criterion. 

1 -9 
Tomiyaen, 7-37 
Topographic maps. 2-33, 2-35 
Trailer, 3-21 
Transe eiver Gonset. 3139 GA. 
3-12 

Ira nomiss ion line loss 
of coaxial cable. 2-28 
of rectangular waveguide. 2-28 

Transmitter measurements 
carrier frequency stability, 7-30 
emission spectra, 7-20 to 7-27 
modulation characteristics. 
7-27 to 7-30 
power output, 7-9 
spurious emissions, 7-13 to 
7-20 

Tripod. 3-35 
Tripcd. modified Polarad CA-7 
characteristics of, 3-15 

U channels. 5-6 
Vertical antenna, 4-34. 4-36 
Vertical plane picture. 3-37 
Visual effects of random noise, 
1-14 

Visual interference, 1-14 
Vocal apparatus. 1-3 
Voice communications, 1-4 
Voice transmission rate, 1-22 
Voltage standing wave ratio, 
7- 33. 7-44. 7-49. 7-55 7-59 
7-71, 7-72, 7-85 

Wall impedance, 5-2, 5-5 
Weighting c ircuits. 4-9, 4-10. 
4-11 

Yugi antenna. 4-36 






