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FOREWORD 

The research described in this report represents the culmination of over 3 years of work 
at the National Bureau of Standards (NBS), Electromagnetic Fields Division, Boulder, Colorado, 
to carefully evaluate, develop (when necessary), describe, and document the methodology for 
performing radiated susceptibility/vulnerability (EMS/V) measurements using a reverberation 
chamber. This effort was jointly funded by the Naval Surface Weapons Center (NSWC), Dahlgren, 
Virginia; Rome Air Development Center (RADC), Griffiss Air Force Base, Rome, New York; and the 
NBS. Three major tasks were outlined. These were to: 

1. 	 Determine how well a shielded enclosure could be made to operate as a reverberation 
chamber to establish time averaged (statistically determined), randomly polarized, uniform 
EM fields as a function of spatial position, frequency and chamber quality factor (Q)j 

2. 	 Evaluate interaction effects between the chamber and equipment under test (EUT) placed 
inside the chamber to determine: 
a. 	 The range of applications of the measurement techniques (i.e., where the technique 

could or should not be used), 
b. 	 Whether measurement results obtained using the reverberation chamber could be 

correlated with results obtained using anechoic chambers or open field sites, and 
c. 	 To identify pertinent chamber calibration parameters; 

3. 	 Develop a technique applications and use manual. 

These tasks were addressed sequentially in three major phases. The first phase was to 
design, construct, assemble and evaluate an empty (without the presence of an EUT inside) 
reverberation chamber with associated instrumentation and software to evaluate its electrical 
performance characteristics. This phase of the work began in January 1982 and was completed 
by the end of 1983. Results of this effort are contained in Section 2 of this report. 
Section 2 discusses the modification of a 2.74 m x 3.05 m x 4.57 m welded steel shielded 
enclosure located at NBS into a reverberation chamber. Information given includes theoretical 
concepts, physical design and construction details, and the evaluation of the empty chamber's 
electrical parameters. These parameters are excitation and reference recelvlng antennas 
voltage standing wave ratio (VSWR), loss, Q factor, wave impedance, spatial E-field 
distribution versus frequency, and determination of the test field level. 

The second phase of the work was to evaluate the interaction effects between the chamber 
and the EUT placed in the chamber. This effort occupied the latter part of 1983 through 1984. 
The results are contained in Section 3 of this report. The third phase was to develop 
methodology and evaluate the use of the reverberation chamber for susceptibility measurements 
and compare the results to other more conventional measurements techniques such as anechoic 
chambers and to other reverberation chambers. This study included the selection and 
susceptibility evaluation of four samples of EUTs: a one centimeter dipole probe, a ridged 
horn antenna, a series of rectangular TEM transmission cells with apertures and a modified 7.0 
cm (2.75") diameter folded fin aircraft rocket (FFAR). The first three "reference standard" 
EUT's were selected because they could be characterized theoretically. The fourth EUT (FFAR) 
was more typical of an operational EUT which is more indicative of the actual type of 
equipment routinely tested for EM susceptibility. Results were obtained for this phase of the 
effort during 1984 and 1985. Details of how the measurements were performed, including 
setups, approaches, and instrumentation and software requirements are contained in Section 4. 
The final task was to document these results, presented in Section 5, and to produce a 
reverberation measurement technique applications and use manual. This, of course, is one of 
the purposes of this report. Section 6 gives a brief summary and conclusions drawn from this 
study. Some of the more significant are: 1) the NBS chamber lower useful frequency limit is 
200 MHz; 2) the spatial variation in the statistically determined E-field established in the 
chamber is approximately 8 dB at 200 MHz and decreases to ± 2 dB at 2 GHzj 3) the preferred 
measurement approaches are mode tuned (explained in section 4.3.2) at frequencies below 2 GHz 
and mode stirred (also explained in section 4.3.2) at frequencies above 2 GHzj 4) the loading 
effect, of lowering the chamber's Q by inserting the EUT, should be limited to an increase in 
chamber loss 6 dB or a minimum tuner effectiveness ~ 20 dB; 5) the average wave impedance in 
the chamber is approximately 120~; 6) the maximum E-field is approximately 7-8 dB greater than 
the average E-field established in the chamberj 7) scattering from EUT does not significantly 
influence the E-field statistical, spatial distributionj 8) the directional characteristics of 
antenna or EUT placed inside the chamber are effectively lost; 9) the response of EUT measured 
inside a reverberation chamber is less than when measured inside an anechoic chamber (open 
space) in proportion to the EUT open space gain; 10) the response of EUT to an interference 
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field after it has penetrated the EUT's shield appears to be equivalent in both reverberation 
and anechoic chambers; and 11) the experimental error analysis suggests that Root Square Sum 
(RSS) errors in establishing the test field inside a reverberation chamber range from 

-, 
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approximately ± 10 dB at 200 MHz to 4 dB at 18 GHz. 

Section 7 provides suggestions for future research and Section 8 acknowledges the 
significant contribution of others to this project. References cited are given in Section 9. 
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Design, Evaluation,and Use of a Reverberation Chamber for Performing 

Electromagnetic Susceptibility/Vulnerability Measurements 


M.L. Crawford and G.H. Koepke 

Electromagnetic Fields Division 
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Boulder, Colorado 80303 


This report presents the results of work at the National Bureau of Standards, 
Boulder, Colorado,to carefully evaluate, document, develop (when necessary), and 
describe the methodology for performing radiated susceptibility/vulnerability 
measurements using a reverberation chamber. The report describes the reverberation 
chamber theory of operation, construction, evaluation, functional operation, and use 
for performing immunity measurements. It includes an estimate of measurement 
uncertainties derived empirically from test results and from comparisons with 
anechoic chamber measurements. Finally, it discusses the limitations and advantages 
of the measurement technique to assist potential users in determining the 
applicability for this technique to their electromagnetic compatibility (EMC) 
measurement needs. 

Key Words: electromagnetic susceptibility/vulnerability; estimated uncertainty; 
evaluation; measurement procedures; reverberation chamber 

1. 	 Background and Introduction 

The use of mode tuned or stirred reverberation chambers for performing EMC measurements 
is a relatively new method which appears to have considerable potential for electromagnetic 
susceptibility/vulnerability testing [1-7J. The idea of reverberating a shielded enclosure as 
a way to improve the EMC measurement results obtained using the enclosure was first proposed 
in 1968 [1 J. Since then measurement procedures have been developed for implementing the 
technique for both radiated susceptibility and emission testing, but with considerable 
skepticism and a general lack of acceptance on the part of many EMC engineers. Reasons given 
include: 1) a lack of information about interaction effects between the EUT, reverberation 
chamber, and sources used to excite the chamber, 2) significant unanswered questions 
concerning the interpretation and accuracy of the measurement results, and 3) the lack of 
clear correlation of test results with other more conventional measurement techniques. 
Emphases for performing the work described in this report result from numerous advantages 
suggested for use of a reverberation chamber. These include: 

1. 	 Electrical isolation from or to the external environment; 
2. 	 Accessibility (indoor test facility); 
3. 	 The ability to generate high level fields efficiently over large test volumes; 
4. 	 Broad frequency coverage; 
5. 	 Cost effectiveness; 
6. 	 Potential use for both radiated susceptibility and emission testing with minor 

instrumentation changes; and 
7. 	 No requirement of physical rotations of the equipment under test (EUT). 

These advantages are somewhat offset by limitations which include loss of polarization 
and directivity information relative to the EMC/EMI profile of the EUT and reduced measurement 
accuracy. However, this technique does offers a time efficient, cost effective way to 
evaluate EMC performance of large equipment using existing shielded enclosures with only minor 
modifications. The concept utilizes the shielded, high-Q, multimoded environment to obtain 
uniform (time averaged) fields that may simUlate "real world", near field environments. 

This report describes efforts to answer some of the questions referred to above and 
outlines an approach using this technique for EMS/V testing. It also describes efforts to 
identify a "correlation factor" between reverberation chamber and anechoic chamber obtained 
results, and outlines a detailed, step by step procedure for performing EMS/V tests. An 
experimental error analYSis is given to provide insight into the magnitude of the measurement 
uncertainties expected for tests performed using this method. 
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2. Development of an Operational Reverberation Chamber 

2.1 Theoretical Concepts 

A reverberation chamber is a large (in terms of wavelength) high quality (Q) cavity whose 
boundary conditions are continuously and randomly perturbed by means of a rotating conductive 
tuner or stirrer. The time averaged field inside such a cavity, when a sufficient number of 
modes are excited, is formed by uniformly distributed plane waves corning from all directions. 
This property causes the polarization of the field to vary randomly hence eliminating the 
need, or the utility of physical rotation of test objects in the field. This has its obvious 
advantages and disadvantages as is apparent from the results and conclusions given in this 
report. 

Two analytical approaches can be used to provide basic knowledge for designing a 
reverberation chamber. One involves the direct solution of Maxwell's equations with time 
varying boundary conditions. A formal solution using this direct approach is rather difficult 
to obtain. In the second approach, suitable linear combinations of basic eigenmodes of the 
unperturbed cavity (without mode stirrer or tuner) with time-dependent expansion coefficients 
are taken to represent the field and to satisfy approximately the boundary condition on the 
surface of the rotating mode stirrer or tuner [8J. The main advantage of this latter approach 
is that the unperturbed eigenfrequencies and eigenmodes are much easier to calculate, and the 
problem can be reduced to a more familiar one under special conditions. A necessary condition 
for the validity of this method is, however, that the total number of eigenmodes which can 
exist inside a chamber be large for a specified frequency and chamber size. Thus, the 
measurement technique using reverberating chambers is good for high frequency application. 
Typical frequencies of operation are from a few hundred MHz to 18 GHz and above. 

The frequencies at which particular modes can exist inside a shielded, rectangular 
enclosure of dimensions a, b, and d are given as [9J 

1 m2 2 2 
f 150 (-) + (!}) + (12) (MHz) ( 1 ) 

mnp a b d 

where m, n, and p are integers. 

Figure 2.1 gives the distinct frequencies of resonances of the first few modes for the 
NBS reverberation chamber. There are 26 resonant modes at distinct frequencies below 150 MHz 
and 63 resonant modes at distinct frequencies below 200 MHz. 

As expected, the total possible number of eigenmodes, N(f), inside an unperturbed, 
lossless, rectangular chamber increases in steps with frequency. A smooth approximation to 
N(f) has been given by [8,10,llJ: 

8n {f} 3 f 1N (f) = -- abd - - (a + b + d) - + (2) 
s 3 c c 2 ' 

m3where abd in represents the chamber volume, f is the operating frequency in Hz, and c is 
the speed of wave propagation in the chamber medium (usually air) in m/s. Note that the first 
term in (2) is identical to the well-known Weyl's formula derived originally for the same 
problem by a different approach. and is proportional to the chamber volume and the third power 
of frequency. The second term is the edge term, which is proportional to the sum of the 

,II linear dimensions of the chamber. This term may by used to modify Weyl's result, especially 
in the lower frequency range. Also, the inner surface area of the chamber, 2(ab + bd + da), 
is not involved in (2). An example is given in figure 2.2 showing N(f) as curve 1, Ns(f) as 

curve 2, and Weyl's formula as curve 3 for the NBS chamber. Note that none of the dimensions 
of the NBS chamber (2.74 m x 3.05 m x 4.57 m) are equal. Equivalent examples for a square-

based chamber (2.17 m x 4.19 m x 4.19 m) and a cubic chamber (3.37 m)3, both of which have the 
same volume as that of the NBS chamber, are shown respectively in figures 2.3 and 2.4 for 
comparison purposes. Clearly, wider steps for curve 1 in figures 2.3 and 2.4 as compared with 
figure 2.2 are observed. This is true even though the smooth approximation Ns(f) remains 

almost identical for all the three chambers. The main reason for this is due to the increased 
mode degeneracy for the last two chambers, under which the total number of distinct eigenmodes 
with respect to a given operating frequency and chamber size decreases. 
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While the total number of eigenmodes inside an unperturbed chamber is an important design 
criterion, another equally important factor to consider is the mode density function, dN/df, 
which represents the change in number of modes in a given frequency interval. Ideally, the 
chamber should be designed, if possible, so that the distribution of the modes is uniform. To 
determine the exact shape o~ dN/df involves using impulse functions since they are the 
derivatives of step functions. It is not difficult to see that within a given frequency 
interval, the average distance between the different impulses for the NBS chamber is shorter 
than that for the other two chambers having the same volume. An alternative quantity to 
examine for exhibiting this proDerty is 

which represents the increase or decrease in mode number within a frequency interval of 6f. 

Results of 6N when 6f = 1 MHz are presented respectively in figures 2.5 through 2.7 for 
the NBS chamber, the square-based chamber, and the cubic chamber. The uniformity of mode 
distribution in the frequency interval of 1 MHz is better for the NBS chamber (figure 2.7). 
This is the reason that the NBS chamber was designed with unequal dimensions. As a 
consequence, more uniformity for the electromagnetic field is expected within the NBS chamber 
than for chambers that have two equal sides or that are cubic, with the same volume and 
frequency of operation. Or, the NBS chamber should be capable of being operated with an 
extended lower frequency limit than other chambers of the same volume, in order to meet a 
given degree of uniformity for the final, expected field distribution. Thus, one of the 
general design criteria for a reverberating chamber is to make the volume as large as possible 
and the ratio of squares of linear dimensions as nonrational as possible. 

A third design criterion, namely, the quality or Q factor, must also be considered in 
designing a reverberation chamber. Since there are so many eigenmodes which may exist in an 
unperturbed chamber with each mode carrying its own Q value 8,10,11J, it is not always 
trivial to define a quality factor for the chamber as a whole. A composite quality factor for 
an unloaded chamber (without an EUT in it) within a specified frequency range can be obtained 
approximately from the equation [8J. 

Q =.2. Y.. ( 4)
2 So s 1 + .2.l (~+ + 1)

16 a b d 

where V is the chamber's volume in cubic meters, S is the internal surface area in square 

meters, and 0 ~ is the skin depth in meters, A is the wavelength in meters, and a, b,
s W)..IO 

and d, are the chamber's internal dimensions in meters. 

The physical meaning of (4) may be interpreted by comparing it with the individual Q 
values of all the modes in the form of a cumulative distribution. Since V/(So ) is a common s 
factor whether the composite quality factor defined above or the quality factor for individual 
modes is considered, it is more convenient to present the results in terms of l/Q values 
normalized with respect to S 0s/V. Thus, the variable used herein is 

(5 ) 

Examples of the cumulative distribution of a for the NBS chamber are given respectively 
in figures 2.8 - 2.10 for three different frequency bands. For the frequency band of 180 to 
200 MHz in figure 2.8, the total number of modes existing in this band of 20 MHz is 69. with 
each mode having its own Q-value. The probability of having a high upper-bound value of a ~ 

0.80 (or a lower-bound for Q) is almost 100%. and that for a low value of a ~ 0.48 (or a high 
value for Q) is only about 10%. This implies that almost all of the 69 modes in this 
frequency band have a ~ 0.80. The arithmetic mean of 0.623 and the standard deviation of 
0.090 are also indicated in the figure. The probability of having a ~ 0.623 (arithmetic mean) 
is 50%, meaning that at least one half of the 69 modes have a ~ 0.623. 
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For the case presented in figure 2.9, where the frequency band is from 330 to 350 MHz, 
also of a bandwidth of 20 MHz, there are 261 modes, an increase in number of modes relative to 
that in figure 2.8. This is because of higher frequency. A similar interpretation of the a 
values (or Q values) carried by these modes in terms of probability applies. There are now a 
small number of modes (low probability) carrying a value of a as low as 0.43 (high Q). The 
arithmetic mean and standard deviation are, respectively 0.630 (higher than the corresponding 
value in figure 2.8) and 0.085 (lower than the corresponding value of figure 2.8). A higher 
value of arithmetic mean implies that one half or more of the 261 modes carry a higher value 
of a (lower Q) compared to the frequency band considered in figure 2.8. A decrease in 
standard deviation reveals that a greater number of modes have a-values closer to the 
arithmetic mean. 

If we consider a still higher frequency band 480 to 500 MHz such as that illustrated in 
figure 2.10, 534 possible modes will exist in the same bandwidth of 20 MHz. The arithmetic 
mean increases further to 0.646 while the standard deviation decreases further to 0.074, 
indicating that a greater number of modes will have still higher a values near the arithmetic 
mean. This tendency, increasing in arithmetic mean and decreasing in standard deviation with 
increased frequency, yields a limiting mean of a ~ 0.667 with a 50% probability, which also 

agrees precisely with the limiting value for composite a derived from (4) and (5). 

Thus, even though there are a large number of possible modes existing in a specified 
operating frequency band for a reverberating chamber, with each mode carrying its own value of 
a or Q, the probability that a ~ 0.667 (or Q ~ 1.5 VISa) is 50%. This implies that one half s 
of the modes have a-values less than 0.667. Preliminary estimation of a quality factor to 

characterize the reverberating chamber as a whole, based on the simple expression of Q in (4), 
for the purpose of predicting the field strength level to be generated in the test zone is 
indeed very useful. 

Finite Q values also imply that more than 1 mode can be excited at a single frequency. 
The extent to which modes not specifically resonant at a given frequency are excited is, of 
course, dependant upon the particular modes' Q, and how close the modes' resonant frequencies 
are to the given frequency. 

The composite Q estimated from (4) is considered an upper-bound value because it does not 
take into account losses other than that due to wall conductivity. In reality, some loss will 
also occur due to leakage from the chamber, loss in antenna support structures, etc., and loss 
in the chamber's wall coatings. Hence an alternative means of determining chamber Q can be 
achieved from measuring the chamber's loss. Chamber loss is determined experimentally by 
measuring the difference between the net input power, P , delivered to the chamber'st 
transmitting antenna, and the power available, P , at the reference antenna terminals. A r 
photograph showing the interior of the NBS reverberation chamber is shown in figure 2.11. If 
the energy is uniformly distributed over the volume of the chamber, an empirical value (QI) 

can be obtained [6] using the equation, 

p 
rQ' 16 Tf2 ~ (6 )A3 P
t 

where V and A are as previously defined. 

Typical losses for the NBS chamber are shown in figure 2.12. The two curves show the 
average and minimum loss as a function of frequency. These results were determined 
statistically by rotating the chamber's tuner through 200 increments of 1.8 degrees and 
measuring the chamber's loss at each position for all test frequencies. The smooth curves 
are an estimated curve fit for the data. 

Results obtained using (4) to calculate the composite Q and by using the data shown in 
figure 2.12 and (6) to calculate the experimental QI are shown in figure 2.13. Figure 2.13a 

gives the curves for the calculated values of Q and Q' and figure 2.13b shows the ratio of Q 
to Q'. At frequencies above approximately 1 GHz the ratio approaches a constant value 
apprOXimately equal to 3 or a loss equivalent of approximately 5 dB. 
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The Q factor of the chamber, of course, influences the rf input power requirements to 
generate the EM field levels inside the chamber for performing susceptibility tests. The 

average power received by the reference antenna, P in watts. is related to the average powerr 

density. Pd in watts per square meter, of the EM field inside the chamber by the equation, 

P i"A (W/m) 2 , 
r r 

where Ar is the average effective aperture in square meters of the receiving antenna. 

If the receiving antenna is subjected to EM energy coming from all aspect angles and 
random polarizations, the average gain of the antenna over 4 n solid angle is unity. (i.e., 
The field distribution at each point in the antenna aperture plane is assumed to be a 
composite of randomly polarized plane waves. This implies that the orientation of the 
receiving antenna will not influence the measured response and hence the effective gain of the 

antenna is unity.) The effective aperture of the antenna then is given as, A = AZ/8~ [12J.
r 

However, data obtained, as shown later in this report, indicates that these conditions are not 
achieved ideally (the field is not completely randomly polarized and incident at all aspect 
angles and the assumption that the average gain for the antenna is one is not exact). Hence, 

a more practical value to use for the effective aperture appears to be AZ/4n. This value has 
been suggested previously for use in reverberation chambers for determining the "equivalent" 

average power density, Pd [4J. Equation (7) then becomes, 

4n P 
--A-z-

r (8) 

Combining (6) and (8), we can obtain an expression for comparing the average, equivalent power 
density inside chambers of different size, assuming equal net input power, or 

pI

d 1 V2 Qi S2 O2 
 (9) 

pI v-; s;Q~ 01 
d 2 

where the subscripts 1 and 2 refer to the two different enclosures, #1 and #2. For example, 

m2assume the #1 enclosure is the NBS enclosure with S1 = 69.63 and the #2 enclosure is a 

larger chamber constructed of the same metal (01 02) with dimensions, 3.51 m x 5.18 m x 

10.82 m, or S2 224.42 m2 
; this would give a ratio in average power densities (assuming the 

same net input power) of pI /P' 3.22 (i.e., the average power density inside the larger
d 1 	 d 2 

enclosure would be approximately 1/3.22 or 0.311 times as much as that in the NBS enclosure). 
Note that the validity of (9) is dependent upon a number of assumptions alluded to in its 
derivation. 

2.2 Physical Design Considerations 

A number of criteria should be considered in physically designing a reverberation chamber 
EM susceptibility/vulnerability measurement system. They can be addressed under the following 
categories: 

1. 	 Chamber physical shape and volume, 
2. 	 Chamber quality factor (Q), 
3. 	 Chamber auxiliary needs (venting, electrical power, EUT visual monitoring, EUT 

operational and functional monitoring requirements), 
4. 	 Tuner/stirrer(s) design, and 
5. 	 Chamber excitation and field monitoring. 
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2.2.1 Chamber Physical Shape and Volume 

This criterion was addressed in Section 2.1. For optimum chamber performance (i.e.,
spatial field uniformity and accuracy in determining the test field level), especially at the 

'! low end of the frequency intended for use, the volume of the chamber should be as large as 
possible and the ratio of the squares of the chamber's linear dimensions should be as 

II nonrational as possible. Choice of chamber size wouLd be dictated by test volume size 
requirements, lowest test frequency, and budget considerations. 

2.2.2 Chamber Quality Factor, (Q) 

The second criterion, that of chamber Q, is established by carefully considering trade
off options. If one has the option of designing and constructing a new shielded chamber, it 
is advantageous to use solid welded aluminum or copper construction since this will result in 
a higher Q than if sheet steel is used. Presumably one can always lower the Q of the chamber, 
if desired, by inserting material such as lossy wall coatings or a limited amount of rf 

1\' anechoic material. The reason for lowering the chamber Q is to increase the bandwidth of the 
chamber's modes, thus improving mode overlap and smoothing the EM field uniformity vs. 
frequency response characteristics, especially at the lower test frequencies. Doing this, 
however, increases the rf input power needed to generate the required field strengths and 
reduces the effectiveness of the chamber's tuner to redistribute energy uniformly into modes 
in all three axes of the chamber. In addition, the time required for the chamber test field 
to arrive at its steady state condition, after the input power to the chamber is applied, is a 
function of chamber Q. The higher the Q the longer the settling or charging time. This could 
have significant implications if the reverberation chamber is to be used for pulsed rf 
susceptibility testing. Regardless of the metal used in the chamber's construction (aluminum, 
copper or steel) it should be standard practice to keep the chamber clear of lossy material 
such as wood or absorbing materials except for special purposes. 

2.2.3 Chamber Auxiliary Needs 

The third criterion, chamber auxiliary needs, must bp 2~tablished based upon the intended 
use and the upper tes t frequency for use. VcntL'5 jJanels should use screens wi th apertures 
significantly smaller than waveguide below but off at the maximum intended test frequency. 
Electrical power supplied to outlets inside the chamber, EUT visual monitoring, and EUT 
operational and functional monitoring requirements are similar to conventional shielded 
enclosure requirements. A bulkhead panel similar to that shown for the NBS reverberation 
chamber in figure 2.14 can be used to access the excitation and reference receiving antennas, 
and the EUT. Care must be taken to ensure that the shielding integrity of the enclosure is 
not compromised by access holes or cables, etc. This may require the use of high resistance 
(carbon impregnated) lines [13J or fiber optic links for monitoring the EUT. In addition, 
waveguides below cutoff access ports can be very useful. 

2.2.4 Tuner Design 

The fourth criterion is to design the tuner to ensure its effectiveness to redistribute 
the energy inside the enclosure and hence to tune the field. To achieve this, the tuner must 
be electrically large (>A/2 at the lowest frequency of operation) and be shaped or oriented to 
distribute energy into all possible modes. Three such tuners are shown in figures 2.15a, 
2.15b, and 2.15c. The first tuner (figure 2.15a) was developed by McDonnell Douglas Corp. 

! [2,14, 15J after extensive testing to optimize the design for use in their translational'I:,1 	 electromagnetic environment chamber (TEMEC) facility. The second tuner (figure 2.15b) is usedII by the Naval Surface Weapons Center in their reverberation chamber [16J. The third tuner 
(figure 2.15c) is used in the NBS reverberation chamber. The tuner is mounted as shown in 
figure 2.16, with the blades bent at an angle of approximately 45 degrees to the ceiling to 
improve its scattering of the field evenly in all directions. The tuner mounting includes a 

'ii 	 shielded housing with internal metal wipers to prevent rf leakage from the chamber via the 
tuner shaft to the stepping motor. Details of the housing and motor mounting arrangement are 
shown in figure 2.17. The tuner controller system which includes the stepping motor and a 
computer accessed controller, allows movement of the tuner in increments as small as 0.113 
degrees (3200 steps per revolution) at rates from seconds up to hours per revolution. The 
motion was optimized for as smooth a motion of the tuner as possible. 

A test to determine how effectively the tuner is functioning is to measure the ratio of 
the maximum to minimum received power of the receiving antenna as a function of tuner 
position. This is done while maintaining a constant net input power to the enclosure's 
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transmitting antenna. The results of such measurements made with the NBS tuner are shown in 
figures 2.18a and 2.18b. The magnitude of the ratio is dependent upon a number of factors 
including tuner shape, size, orientation, and the Q of the enclosure. The average value of 
the maximum to minimum ratio is higher in the empty chamber. (Data for figure 2.18b were 
obtained with 4 pieces of 66 cm x 61 cm x 61 cm rf absorber placed in the center of the 
chamber 0.5 meter above the floor). The purpose for inserting the absorber was to simulate a 
gross loading effect of an EUT placed in the enclosure. A lower loss (ratio) is indicative of 
a higher Q and more effective mode tuning. This influences the spatial uniformity of the test 
field (statistically) as is shown in section 2.3. A reasonable guideline for proper 
operation of the tuner is a minimum tuning ratio of 20 dB. 

Multiple tuners have been used in some reverberation chambers [3,6]. Typically they are 
mounted on opposite walls to improve the stirring of the fields in the chamber. This is 
especially important if the tuners are flat, thus acting as scatterers in only one plane. The 
tuner controller system used in the NBS system allows for control of several tuners 
simultaneously. This may be particularly advantageous if the reverberation chamber is 
especially large or is compartmentalized (multiple sections). Examples of compartmentalized 
chambers are a large chamber divided into two sections by a separating wall or a small chamber 
placed inside a large chamber. Both arrangements have been proposed for using the 
reverberation chamber method for measuring shielding effectiveness of materials and enclosures 
[17]. 

2.2.5 Chamber Excitation and Field Monitoring 

The fifth consideration in designing a reverberation chamber EMC measurement system is in 
the selection and mounting of appropriate antennas for exciting and monitoring the EM fields 
inside the chamber. The following parameters are used in selecting the antennas: 

a) frequency range of interest, 
b) input power rating (>200 watts), 
c) bandwidth (>10:1 if possible), 
d) minimum VSWR (low as possible), 
e) efficiency for exciting modes inside chamber, 
f) minimum size, and 
g) durability. 

The typical frequency range of application is from 200 MHz to 18 GHz or higher. A number 
of candidate antennas could be used in this range. No single antenna has sufficient bandwidth 
to cover the full range with the possible exception of the long wire antenna. Based upon the 
above and, to a certain extent, the antennas available at the Electromagnetic Fields Division 
of NBS, the following were selected for evaluation. 

a) Long wire antenna (200 MHz - 18 GHz), 
b) Log periodic antenna (200 MHz - 2 GHz), 
c) Monopole antenna (200 MHz - 1 GHz), 
d) Bow-tie antenna (200 MHz - 1 GHz), 
e) Leaky 50 ohm coaxial cable (200 MHz - 1 GHz), 
f) Ridged horn (1.0 GHz 12 GHz), 
g) Double ridged circular horn (2.0 GHz - 18 GHz). 

The efficiency with which energy can be injected into or coupled out of the chamber via 
transmitting or receiving antennas is determined by: 1) the voltage standing wave ratio (VSWR) 
of the antennas (i.e., the impedance match between the rf source and the transmitting antenna 
Or between the receiving antenna and its output detector), and 2) the ability of the antennas 
to couple energy into or out of the particular modes that exist at the test frequencies of 
interest. Rotating the tuner changes the chamber's boundary conditions and hence, shifts the 
mode excitation frequencies. This, of course, changes the characteristics of the field inside 
the enclosure which in turn influences the effective VSWR of the antennas. The Q factor of 
the enclosure as a resonant cavity also has considerable effect upon the VSWR of the antenna. 
This is particularly true at frequencies below a few GHz. 

The placement and orientation of the transmitting and receiving antennas can also 
influence the operation of the chamber [18J. Two positions or orientations are recommended: 
1) position the transmitting and receiving antennas in different cornerS of the chamber, 
oriented toward the corners as shown in figure 2.19, or 2) position one of the antennas in a 
corner oriented toward the corner, for example the reference receiving antenna, with the other 
antenna (transmitting antenna) sufficiently far away and oriented toward the tuner. The first 
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arrangement was selected for use in the NBS chamber. The purpose for these configurations is 
to couple energy into and out of all chamber modes as efficiently and uniformly as possible 
without significantly favoring particular modes or favoring a direct path coupled signal 
between the transmitting and receiving antennas. 

Installation of a long wire antenna inside the chamber is different from other antennas 
because it uses the chamber wall as its ground plane to obtain as close to a 50 ohm impedance 
as possible. Details for designing the taper transition region of the long wire antenna are 
shown in figure 2.20. A photograph of the long wire antenna installed inside the NBS chamber 
is shown in figure 2.21. The long wire extends around two surfaces of the chamber. This is 

,I 	 done to achieve, however somewhat limited, the purpose of the locations and orientation 
I: 	 configurations referred to above for other conventional antennas. 
:11 	

G Based upon the results of data obtained for various antenna pairs selected from the above 
list, the following four antennas were chosen for use in the NBS chamber in the following 
frequency ranges:

,'I 
1) Long wire (200 MHz - 1000 MHz), recelvlng mode, 
2) Log Periodic (200 MHz - 1000 MHz), transmitting mode, 
3) Ridged horn (1.0 GHz - 10 GHz), transmitting and receiving modes, 
~) Double ridged circular horn (2.0 GHz - 18 GHz), transmitting and receiving modes. 

Within the recommended frequency bands of operation, the long wire and log periodic 
antennas can accommodate up to 1000 watts input power, and the ridged horns and double ridged 
circular horns can accommodate up to 200 watts input power. 

A number of preliminary tests were performed to determine the operational parameters of 
the NBS reverberation chamber using these antennas and to evaluate the interactions between 
EUT, the chamber, and the rf sources used in performing these measurements. Some of these 
tests and their results were previously published [19J. The VSWRs and coupling efficiency of 
these four antennas placed inside the empty NBS chamber are given in figures 2.22 and 2.23. 
Figure 2.22 shows the maximum, average, and minimum VSWR obtained statistically by measuring 
return loss from the antennas, operating in the transmitting mode, as a function of tuner 
position at discrete frequencies from 200 MHz to 18 GHz. The tuner was stepped at 1.8 degree 
increments (200 steps) through a complete revolution. Figure 2.22a is for the long wire 
antenna operating over the complete frequency range. Figure 2.22b, is the composite VSWR of 
three antennas (#2, #3, and #4) used within the frequency bands shown in the figure's caption. 
In the past a long wire antenna has been used quite extensively as a reference receiving 
antenna across the full frequency range [~,14,17,J. Its input VSWR is not as low, especially 
at frequencies above 1 GHz, as for the composite of the three antennas. Also, at frequencies 
above approximately 2 GHz, rotation of the tuner appears to have a minor influence on the VSWR 
of the antennas. This feature can have considerable impact upon the decision as to what 
approach to use in performing susceptibility measurements as discussed in section 4.1 of this 
report. Figure 2.23 shows the coupling efficiency or loss between the long wire antenna 
transmitting (200 MHz 18 GHz), and a composite of the three antennas receiving. This figure 
is provided for comparison with figure 2.12. The long wire antenna is not as efficient in 
coupling energy into the chamber and hence, the loss is greater, particularly above 1 GHz. 

The quality factor of the chamber as a resonant cavity also has conSiderable effect upon 
the VSWR and coupling efficiency of the antenna placed inside, especially at frequencies below 
a few GHz. This is shown in figures 2.22c and 2.24. These data were obtained with four 
pieces of 66 cm x 61 cm x 61 cm rf absorber placed in the center of the chamber's test zone. 
Note the significant reduction in the VSWR variations of the transmitting antenna associated 
with the substantially lower Q in the enclosure and the significant increase in the chamber 
loss. 

III 
2.3 Determination of Wave Impedance and E-Field Amplitude Distribution Inside 


:11 Reverberation Chamber 

II 

2.3.1 Determining the Test Field and Wave Impedance Amplitudes 

The field strength in the chamber can be determined in two ways. The first is to measure 
the power received by the reference antennas, and then determine the equivalent power density 

in the enclosure from (8). The equivalent electric field, is then found using the 

expression, 
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where n' is the statistically averaged wave impedance in the chamber. This averaged wave 
impedance is assumed to be approximately equal to 120~ ohms. Obviously, the wave impedance 
inside the reverberation chamber will have large variations as a function of tuner orientation 
and chamber location. To test the validity of (10), independent measurements were made of the 
maximum, average, and minimum magnetic and electric fields in the chamber. These measurements 
were made using a one centimeter diameter loop probe and a one-centimeter long dipole probe. 
The probes were rotated through three orthogonal orientations aligned with the chamber axes 
and located at the center of the test zone. The magnitudes of the total magnetic and electric 
fields were then determined as the square root of the sum of the squared values of each of the 
three components respectively for both the magnetic and electric fields. The corresponding 
ratios of the electric-field and magnetic-field amplitudes for a data base of 200 positions of 
the tuner were then used to determine an "equivalent" wave impedance. The results are shown 
in figure 2.25. Four curves are given. Three curves show the maximum, average and minimum 
wave impedance determined as a function of frequency. The fourth curve shows the wave 
impedance calculated from the ratio of E to H when the electric-field was a maximum. Even 
though the wave impedance varies widely as expected with frequency, the average wave impedance 
at frequencies above 200 MHz (the lower frequency limit recommended for this chamber) is 
approximately 120~ ohms. This then, provides evidence that (10) is valid, at least for 
determining the average E-field in the chamber. The fourth curve was included because, as 
will be discussed later in this report, the convenient parameter for comparing reverberation 
chamber with anechoic chamber obtained EUT susceptibility data is the EUT's peak response. 
This typically corresponds to a maximum electric field in the reverberation chamber. Note 
that the wave impedance corresponding with the maximum E-field typically is greater than 120~ 
ohms and was found to be as large as 1600 ohms thus contributing to an error as large as 6 dB 
in determining the maximum E-field if (10) is used. 

The second method used to determine the field strength in the reverberation chamber is to 
measure the electric field using an electrically small dipole probe that has been previously 
calibrated in a standard uniform field. This is the same dipole probe, referred to above, 
that was used to determine the chamber's wave impedance. The assumption made in using the 
probe is that since it is electrically small, the fields measured in the reverberation chamber 
over the aperture of the dipole will be uniform (i.e., "equivalent" to the standard uniform 
field used in the probe's calibration); and hence the probe's response will give an accurate 
measurement of the II equi valent" field strength in the chamber. Results of the measurements 
comparing the electric-field strength generated in the chamber based upon these two methods 
are shown in figure 2.26. The maximum and average E-field strength data were normalized to 
one watt net input power. The agreement shown is typical of the random variations in the data 
used to determine the field in a reverberation chamber. The systematic offset difference 
between the field determined using the reference antenna and that determined using the probe 
is, however, less than 3 dB. This result also strengthens the validity of (10). 

2.3.2 Maximum Versus Average Amplitude Responses 

Another important observation from figure 2.26 is the approximate 7-8 dB difference in 
signal amplitude between the maximum and average field strengths. This can be explained 
simply in terms of the structure of the cavity modes in the chamber [20J. For a cavity of 
dimensions, a, b, and d, modes in all three dimensions can be represented as 

sin ~ sin n~y sin p~z ( 11)$mnp (x,y,z) a b d' 

where x, y, and z correspond to the three orthogonal axes of the chamber and m, n, and pare 
the associated mode numbers. 

An antenna typically responds to a specific field component, or in the reverberation 
chamber case, to the composite field impinging upon its aperture. However, measured power is 
related to $2 x,y,z). The maximum value of $2 (x,z,z) occurs when each component is a mnp mnp 
maximum or 

Max {<p 2 (x,y,z) (1 2)mnp 

The average value of <p2 (x,y,z) is given bymnp 
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1 f 2 1Ave ($~np (x,y,z) aoa v $mnp (x,y,z) dxdydz ( 13) -0' 

The ratio of Max ($~np (x,y,z) )/Ave ($~np (x,y,z» in the limit then is 8 which corresponds 

to 9 dB (i.e., this is the theoretical maximum difference that can exist between the maximum 
and average responses of an antenna or EUT measured in a reverberation chamber). In practice, 
the mode mixing is not 100 percent efficient to achieve a perfect average nor does one obtain 
a perfect maximum in all three dimensions. Hence the average difference of 7 to 8 dB shown in 
figure 2.26 is expected. 

In the past, a question regarding the validity of maximum or "peak" reverberation chamber 
results has been raised. However, this question seems to be resolved as apparent by examining 
the relationship between maximum and average measurements in the reverberation chamber 
exhibited in figure 2.26 and from the implications of (12) and (13). These results suggest 
one can extract one set of data (e.g., average) from the other (e.g., maximum) quite 
accurately (within ± 2 dB), assuming of course, that the response of the EUT is linear. 

2.4 Spatial E-Field Distribution 

Tests were made to determine the uniformity of the maximum and average values of the E
field in the chamber as a function of spatial position and frequency. Seven NBS isotropic 
probes [21J designed to operate at frequencies up to 2 GHz were placed inside the enclosure as 
shown in figures 2.19 and 2.21. Each probe has three orthogonally oriented dipoles aligned 
wi th the enclosure axes. Measurements were made of the field strength of each orthogonal 
component at the seven locations for each tuner position (200 steps of 1.8 degree increments). 
The maximum and average values for each component and the corresponding amplitudes were then 
determined from the complete data set for a normalized net input power to the chamber of 1 
watt. The results of these measurements are shown in figure 2.27. These measurements were 
made in 50 MHz increments from 100 MHz to 2.0 GHz. The spread of the data pOints show the 
spatial field variation inside the enclosure at the indicated frequencies. Note at 200-300 
MHz the spread and potential errors in determining E-field amplitude is as great as, ±8 dB, 
decreasing to approximately ±2 dB at 2.0 GHz. Note also the large difference in the three 
orthogonal components at frequencies below 150 MHz. This is especially apparent from 
inspecting figure 2.28 which shows the average values of the seven statistically determined 
average and maximum E-fields for each component and their composite total determined from 
figure 2.27. Strong mode structure is indicated in the chamber at frequenci'es below 150 MHz 
(i.e., the presence of a dominant mode with its associated directional properties). Hence, 
there are insufficient modes for proper operation at these frequencies. At frequencies above 
150 MHz, the relative amplitudes of the field components are approximately the same and the 
composite total of the average E-field components is approximately 4.8 dB greater than the 
individual components. This indicates that the measured value of the average of each 
component is independent of polarization of the dipole. (i.e., ~xCave) is independent of 

Ey(ave)' etc.). Thus, 
E '" ;r-C-E---)-2-+-C-E---)-2-+-(E---)2 III ./33 (E ) 

tCave) xCave) y(ave) z(ave) {x,y,or z)ave • 


The composite total however, of the E-field components' maxima (figure 2.28b) is less 
than 4.8 dB. This indicates that the maximum measured values for each component are not 
independent. (i.e., Ex(total) is a function of Ey(total)' etc.). The implication is that if 

multiple receptors are involved in establishing the maximum susceptibility of an EUT (or for 
example in mersuring the E-field in the chamber by using an isotropic probe with 3 orthogonal 
dipoles), the difference between the maximum and average response may be less than the typical 
7 to 8 dB referred to in section 2.3. 

2.5 Multiple Excitation of the Chamber 

Electromagnetic fields were generated inside the chamber using two separate antennas 
simultaneously excited in the frequency ranges, (200-400) MHz, and (1000-2000) MHz. The 
antennas used for the frequency range (200-400) MHz were a log periodic and a long wire 
described previously. Two ridged horns were used in the frequency range (1.0-2.0) GHz. The 
spatial, statistical, E-field uniformity did not improve Significantly over using a single 
antenna excitation in the 200-400 MHz frequency range; however, it did improve slightly (from 
approximately ± 2 dB to ± 1.5 dB variations) in the frequency range (1.0-2.0) GHz. 
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The E-field amplitude in the chamber decreased when using two excitation antennas, in 
both frequency ranges, assuming the same net input power as for a single antenna. The 
decrease was approximately 1 dB in the frequency range (200-400) MHz and approximately 1.5 dB 
in the frequency range (1.0-2.0) GHz. This loss however, can be accounted for in the losses 
in the additional rf transmission line cables and the second excitation antenna (i.e., the 
antennas are not 100% efficient in converting input rf power to radiated power). 

3. Interaction Effects Between Chamber, Source and Reference Antennas, and EUT. 

3.1 Placement Constraints of EUT 

Constraints on the placement of EUT inside the reverberation chamber are a result of the 
proximity effect of the chamber walls on the test field and upon the EUT. Measurements were 
made of the E-field close to the chamber's walls for comparison with measurements made of the 
E-field within the test zone outlined by the matrix of seven probes shown in figure 2.21 Two 
locations were selected: 1) 0.5 m from the chamber's side and back wall, 1.0 m above the 
floorj and 2) 0.12 m from the side wall approximately mid-way between the chamber's ends and 
0.5 m above the floor. Location 1 was selected so the EUT test zone would be clear of 
obstructions but also with the probe far enough from the chamber's walls, hopefully, to avoid 
significant proximity effects. Location 1 measurements were consistent with the measurements 
made at the 7 probe locations. Location 2 was selected to determine just how significant the 
proximity effect is at distances less than one third wavelength «800 MHz). The average E
field measured at location 2 was approximately 2 dB lower at frequencies from 200 to 400 MHz 
than the E-field measured in the test zone. The field close to the chamber wall then 
increased as a function of frequency, approaching the test zone measured field strength at 
frequencies above 1 GHz. These results indicate a need to maintain a minimum spacing for the 
reference antenna, field measurement probe(s), and/or EUT of at least A/3 from the chamber's 
walls at the lowest test frequency. This equates to approximately 1/2 meter at 200 MHz for 
the NBS chamber. An exception to this guideline may be a desired spacing between the EUT and 
the chamber floor or walls. This spacing may be dictated by the test plan. If the EUT is 
electrically large (many wavelengths) it may be necessary to have a separation distance from 
the chamber walls greater than A/3 at frequencies where A/3 is less than 1/2 meter or greater 
than 1/2 meter under some test conditions to prevent shadowing effects from influencing the 
spatial distribution of the test field. Results of scattering effects measurements discussed 
in section 3.2 suggest shadowing is not a signficant problem, if the EUT is placed in the 
center of the test zone as far from the walls as possible. 

3.2 Scattering Effects of Metal Objects upon E-field Distribution 

Two test objects were selected to simulate an EUT placed in the chamber to evaluate their 
scattering effect upon the field distribution inside the chamber. The first object was a 
solid welded aluminum box 30 cm x 50 cm x 60 cm in size. The second was an electronic 
equipment rack 56 cm x 67 cm x 114 cm in size. Tests were made to determine the E-field 
uniformity or distribution over the test zone matrix defined earlier using 6 isotropic probes 
(figure 2.19) with each of the two test objects placed at the center of the test zone. (The 
probe at the center of the test zone was removed to accommodate the test objects.) Figures 
3.1a and 3.1b show the two test objects placed inside the enclosure. The mean value of the 
maximum and average values for each E-field component (vertical, longitudinal, and transverse) 
and their composite total were determined for each of the 6 probes. The results, shown in 
figure 3.2, give a comparison with the empty chamber E-field distribution measurements shown 
in figure 2.28. Little or no difference was noted in the statistical (average and maximum) 
values measured. 

3.3 Loading Effects of EUT on Chamber 

One of the concerns expressed about using a reverberation chamber for EMC measurements 
was the realization that if the EUT absorbed energy from the chamber (i.e., demonstrates 
susceptibility) it would reduce the Q of the chamber and thus affect the measurement results. 
Typically this is compensated for by simply increasing the net input power to the chamber 
transmitting antennas as required. This may not be sufficient if inserting the EUT lowers the 
chamber's Q to the extent that the chamber no longer reverberates or the tuner will no longer 
sufficiently stir the modes, (i.e., the chamber no longer functions properly). Recall that 
the absolute amplitude of the test field level inside the chamber is determined from the 
reference antenna received power measurements. The assumption is that this measurement is 
unaffected by the loading effect of the EUT. Two simple tests were used to evaluate the 
loading effect: the first was to insert a 500 MHz, half-wave, resonant dipole near the center 
of the chamber's test zone to determine if energy coupled from the chamber to the dipole woul, 
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reduce the field strength in the chamber. This test was intended to simulate the loading 
effect of a simple resonant EUT. Field strength measurements were made again using the seven 
probe matrix and the long wire antenna as a reference receiving antenna to determine the level 
of the test field, before and after inserting the resonant dipole. A constant normalized 

III 	 input power of 1 watt was applied at the input of the chamber log periodic transmitting 
antenna to establish the field in the chamber. The following observations were made: 

1) 	 Energy is conserved (i.e., power coupled from the chamber via the dipole results in a 
proportional decrease in the E-field in the room). 

2) 	 The 500 MHz resonant dipole and the long wire receiving antenna coupled approximately 
the same amount of power from the room. 

The seven probe matrix used to determine the spatial distribution of the E-field inside 
the chamber, also load or reduces the Q factor in a similar fashion to the resonant dipole. 
Each of these probes couple a small amount of energy out of the test field. In addition, they 
have lossy transmission lines made up of carbon loaded teflon that serve to convey their 
detected dc signals to their instrumentation located outside the chamber. These lossy 
transmission lines increase the chamber's loss up to 5 dB at 2.0 GHz. However, this amount of 
loss did not seem to significantly influence the ability to determine the field level in the 
chamber, with or without the presence of the probes by using the reference receiving antenna. 
The field level simply was lower for the same net input power due to the loading effect of the 
probes in the chamber. 

The second test used to evaluate the loading effect was to place varying amounts of rf 
absorbing material inside the chamber. This was done to get an indication of just how much 
loading the chamber could tolerate before it fails to operate properly and/or large errors 
existed in determining test field level and EUT response. Progressively greater amounts of 
absorber were added until approximately 90 percent of the net input power was being absorbed 
(i.e., the chamber loss was increased by approximately 10 dB). The amount of rf absorber 
required was four pieces of 66 cm pyramidal high performance absorber 61 cm x 61 cm square. 
Results for tuner effectiveness, VSWR and chamber loss with absorber loading were shown in 
figures 2.18b, 2.22c, and 2.24. As indicated earlier, lowering the chamber Q reduces the test 
field level in the chamber for a given net input power. Inserting the 4 pieces of absorber in 
the chamber lowers the field considerably as shown in figure 3.3. This figure compares the 
maximum E-field strength in the test volume defined by the 7 probe matrix inside the empty 
chamber with the field strength after the chamber is loaded with the 4 pieces of absorber. 

In summary, the following observations can be made from the data obtained (figures 2.18b, 
2.22c, 2.24 and 3.3). Lowering the chamber Q: 

1'1 

I 	
1) decreases the effecti veness of the tuner (lower Maxi in ratio), 

2) 	 improves the VSWR of the transmitting and receiving antennas, 

3) increases the chamber loss and hence increases the rf power required to obtain test 
II fields of the same level, 

4) 	 increases the uncertainty in determining the test field level and EUT response 
(indicated by the larger variations in the E-field data obtained with absorber, 
figure 3.3), and 

5) 	 decreases the spatial, statistical E-field uniformity. 

In conclusion, the following guidelines are suggested. Inserting the EUT should not 
lower the maximum or average received power from the chamber's reference antenna for the same 
net input power into the chamber (before and after inserting the EUT) excessively. If these 
ratiOS, net input power/received power(max or ave), increase more than 6 dB, or if the tuner's 
average effectiveness decreases to less than 20 dB, use of the reverberation chamber is not 
recommended. 

4.0 ivrforming Immunity Measurements 

4.1 Planning the Measurements 

I~; A number of considerations are important in planning the measurements, writing the test 
plan, and documenting the test results. One is the amount of data required to accurately 
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characterize the EUT. Equipment susceptibility to EMI is primarily determined by the degree 
to which the interference field couples into and interacts with the equipment's components. 
This undesired coupling is influenced by a number of equipment parameters such as: 
input/output, power line, and circuit lead impedances and lead lengths; impedances of circuit 
components (especially those terminating lead wires); type of circuit components (particularly 
active components); and amount and type of EMI shielding and filtering used. The 
susceptibility of any particular equipment is usually a function of frequency, suggesting 
resonance effects within the equipment with its input/output leads and other interconnected 
equipment. These resonances may be caused, for example, by the reactance of the connecting 
leads acting as an antenna, coupling with the input impedance of the terminating circuit 
components. The quality factor (Q) of such a resonant circuit determines the maximum spacing 
or increment between frequencies at which susceptibility tests must be performed. Automated 
systems such as required by the reverberation chamber test methods are (by their digital 
nature) discrete frequency systems. The number of test points one can obtain using such a 
system are limited by the memory or storage capacity of the computer, the measurement system 
bandwidth, and the measurement time constraints. Thus, care must be exercised in choosing 
frequency and amplitude measurement intervals compatible with the test system and the number 
of test points required. 

A second consideration is the test-field time duration versus reaction time of the EUT. 
Some EUTs have components with relatively slow thermal time constants. This equipment must be 
exposed to test fields with sufficient duration to allow reaction and interaction; otherwise 
susceptibility tests may not be true indicators of the equipment's vulnerability. For 
example, thermocouple devices used to simulate electro-explosive devices may require one to 
two seconds exposure time for maximum response. EUT soak time requirements influence the 
approach (section 4.2) selected for performing the tests using the reverberation chamber 
method. 

Another important consideration relates to the need to simulate as closely as possible 
"real world" operating condi tions. Ideally, suscepti bili ty tests should be performed wi th the 
EUT connected and operated in its operational environment. Since this, most likely, is not 
possible, these operational conditions should be carefully simulated. This normally includes 
making certain the EUT is tested with its wiring harness in the same configuration (as nearly 
as possible) as when in actual use. (Actually, one of the advantages of the reverberation 
chamber method is that the test results are independent of EUT wiring harness , input/output 
and power lead orientation.) In addition, all connecting leads should be terminated with 
equivalent impedances as when in actual use. Failure to simulate these conditions can result 
in data that are misleading. An additional problem is the EUT-antenna-enclosure interaction 
that exists inside any shielded enclosure. Antenna radiation or receiving characteristics are 
altered when enclosed inside a shielded environment. One should realize that the EUT always 
interacts somewhat with the exposure field in any environment. What is difficult is sorting 
out the normal open-field scattering effect from the unknown perturbation effects of the EUT
antenna-enclosure interaction that is typically ignored in shielded room susceptibility 
testing. Efforts to quantify this effect for reverberation chamber obtained results are 
discussed in section 5. 

How to sense and telemeter the performance of the EUT from the test environment without 
perturbing the EUT, the test environment or sensitive test equipment is another important 
consideration. This is usually done by using either fiber optics lines or "invisible" wire 
[13J (carbon impregnated Teflon) with appropriate readout devices. 

Finally, one obvious purpose for performing susceptibility tests is to determine EUT 
compliance with pre-established performance criteria. For production item sampling, a worst 
case E~lI exposure environment with pass-fail criteria may be appropriate. However, for 
engineering development of EMI-hardened equipment or for correcting EM! problems discovered in 
existing equipment, diagnostic testing is needed. This type of testing requires knowledge of 
the exposure field parameters, such as: frequency, repetition rates, and wave shape of test 
signal: type and percent of modulation imposed; and polarization, amplitude and signal 
waveform time variations. These parameters must be carefully selected, as part of the test 
plan, controlled, and (for some tests) statistically characterized for the testing to be 
meaningful. One obvious limitation of the reverberation chamber method for susceptibiltiy 
testing is the loss of polarization information. However, this is in part compensated for 
because worst case response characteristics of the EUT can be determined without repositioning 
or orienting the EUT in the reverberation chamber since the test field is rotated around the 
EUT. If carefully controlled tests are performed, resonances and susceptible EUT circuit 
components can be determined, from which cause and effect relationships can be established. 
These can then be modified or eliminated to improve the immunity of the EUT. Another 
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important consideration in performing diagnostic testing is the desirability of determining 
how the EMI is coupled into the EUT. This requires separating, if possible, the sources of 
interference reception, such as EUT input/output and power line leads, leakage through the EUT 
case housing, or internally generated and coupled EMI. This can be achieved by a systematic 
process of shielding and filtering various leads and functional sections of the EUT's circuit, 
etc., while conducting the susceptibility tests. 

4.2. Measurement Approach (Tuned vs. Stirred) 

Two approaches are used for performing EMC measurements using the reverberation chamber. 
The first approach, mode tuned, steps the tuner at selected, uniform increments, permitting 
measurements of the net input power, reference antenna received power, field measuring probe 
response and the EUT response at each tuner position. This allows corrections and 
normalization of the received power, field measurements and EUT response to be made for 
variations in the net input power to the chamber. These variations are due to changes in the 
input VSWR of the transmitting antenna as a function of the tuner position. The number of 
tuner steps per revolution that must be used is a function of frequency and chamber Q. 
Typically, at least 200 steps or more are required to provide sufficient sampling to 
accurately determine the statistical parameters of the test field and EUT response (maximum 
and average amplitudes). If the sample size is too small, the fidelity of the measurements 
suffers and true maxima, minima, etc. are not recorded. The mode tuned approach also allows 
the operator to select long test field exposure times as needed to accommodate some EUT 
response times. 

The second approach, mode stirred, rotates (steps) the tuner continuously while sampling 
the reference antenna received power, field probe response and EUT response at rates much 
faster than the tuner revolution rate. These measurements are made using a spectrum analyzer, 
diode detectors, and "smart" voltmeters wi th their own mi croprocessors capable of data storage 
and calculation of statistical functions such as mean values and standard deviations. The 
mode stirred approach allows large data samples (up to 9,999) for a single tuner revolution. 
Tuner revolution rates are adjusted to meet EUT response time and output monitor response time 
requirements. Typical revolution periods are from 1 to 12 minutes. This large sample, as 
compared to mode tuned, improves the accuracy in determining the statistics of the measured 
parameters, however, at the expense of increased uncertainty due to failure to correct for net 
input power variations. 

Hence a trade-off exists between mode tuned and mode stirred operation. An examination 
of figure 2.22 suggests this trade-off occurs approximately between 1-2 GHz. (i.e., The mode 
tuned approach would be more accurate below 1-2 GHz where the mode density is not as great and 
corrections can be made for variations in the net input power caused by large variations in 
the input VSWR of the transmitting antennas. Mode stirring is more accurate at frequencies 
above 1-2 GHz where VSWR variations in the transmit antenna as a function of tuner position 
are small and large data samples of the test field and EUT response can be taken.) 

4.3 Measurement System 

4.3.1 Measurement Setup and Instrumentation Requirements 

A block diagram of the basic NBS reverberation chamber EMC measurement system is shown 
in figure 4.1. The test field is established by means of rf source(s) connected to 
transmitting antenna(s) placed inside the chamber. Antennas used are discussed in section 
2.2.5. Modes excited inside the chamber are then tuned or stirred by rotating the mode tuner 
which functions as a field-perturbing device. The EUT may be placed anywhere convenient 
within the chamber provided no point on the EUT is closer than 1/2 meter to any wall, or 
ceiling. Placement relative to the floor is dependent upon a number of factors including 
intended use configuration relative to ground-planes etc., and should be specified by the test 
plan. Test, power, and control cables are routed to appropriate monitors, etc., outside the 
chamber via shielded or filtered cables and feed-through connectors, high resistance lines, 
and fiber optic lines as required to prevent leakage of fields to the outside environment. 
Note that a precision 10 dB attenuator is used with the power detector or spectrum analyzer, 
whenever pOSSible, to measure the receiving antenna power. This is done to minimize impedance 
mismatch with the receiving antenna. The calibrated bidirectional coupler at the input to the 
transmitting antenna allows measurements of the net input power so corrections can be made for 
changes in net input power resulting from antenna-rf generator impedance mismatch and rf 
generator output variations that occur during the rotation of the tuner. As referred to 
earlier, these corrections are made when using the mode tuned measurements approach for each 
incremental change in tuner rotation. For mode stirred, the net input power is measured only 
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at the beginning of the measurement cycle. Details of how the measurement cycle proceeds 
under computer control, how the data are managed, recorded, and processed for presentation are 
contained in the next section describing the software used for these functions. 

4.3.2 Software Requirements and Measurement Procedures 

The computer code used in the evaluation of the reverberating chamber has evolved from 
simple routines that record only the measurement data to the present complex programs that 
have abilities to recover from many common system failures and operator errors. The more 
sophisticated programming is made possible by using modern laboratory computers containing 
large amounts of memory. The primary function of recording the measurement data however, 
remains unchanged and is outlined in this section, with some discussion of the supporting 
activities and refinements. 

A general overview of the software is shown in figure 4.2. The major tasks of 
accumulating data using the two primary methods (mode tuned and mode stirred), saving the 
measured results, and preparing the data graphics are shown. The measurement routines are 
supported by the module entitled System Calibrations. The data library is not actually 
program code, rather it indicates data storage that is available to the Data Graphics program 
and is added to by the measurement programs. Two major programs, detailed below, are used to 
implement the measurement approaches. They are quite different in how the instrumentation is 
programmed and the data managed and will be discussed separately. The basic computer code 
defining these measurements is listed in appendix A. The listings contain the details of the 
measurements as shown in figures 4.3 and 4.4. The instrument control modules have been 
omitted to avoid excessive detail. 

Mode-Tuned Approach 

The flow diagram for the mode-tuned measurement program is given in figure 4.3. This 
diagram is used to assist in guiding the operator systematically through the measurement 
procedure. 

Step 1. Place the EUT inside the chamber and access at as required for operation and 
performance monitoring. 

Details for placement of the EUT and accessing it are contained in sections 3.1, 4.1, and 
4.3.1. The EUT should be placed at least one half meter away from the outer walls of the 
chamber unless specified in the test plan to simulate proximity to a ground plane. 

Step 2. Connect the measurement system as shown in figure 4.1. 

Step 3. Specify measurement and calibration parameters. 

Calibration factors for the cables and directional couplers used must first be tabulated 
and stored in the computer for later access. All parameters used in the measurements are then 
specified using a menu of items from which the operator may select the values for the 
experiment. These parameters include: frequency range and increments, number of tuner steps, 
signal generator output level as required to obtain the desired field strength inside the 
chamber, the EUT output voltage considered as an upper bound for maximum safe EUT operation, 
and an estimate of the response time of the EUT. The experiment description, operator's 
name, and the system clock can be accessed in the menu also. When the operator is satisfied 
with the parameter values and exits the menu, these values plus all calibration values (e.g., 
cable loss, coupling factors, etc.) are tabulated for reference. The measurement hardware is 
then initialized and the measurement begins. 

Step 4. Perform the measurement (automated measurement sequence), 

The measurement sequence can be traced in figure 4.3. At the beginning of each test all 
the instruments are set to zero (if there is an internal auto-zeroing feature) or a reading is 
taken to determine the offset from zero with the field removed. These offset readings are 
then used to adjust the readings taken with the field applied. This should be done as often 
as needed to minimize errors resulting from zero drift. 

It is important to have reached both mechanical and electrical stability at each step of 
the tuner before reading the instruments. As the mechanical time constant of the stepping 
motor and the chamber's tuner blades is typically much longer than the electrical response 
time of the measurement instrumentation or the EUT, the most efficient manner with which to 
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collect the data is to minimize the movements of the tuner. Any given measurement usually 
involves a sequence of frequencies at which to measure the response of the device. This 
routine is designed to co~lect the data for all frequencies at each tuner step before moving 
the tuner to another location. The data is then rearranged at the conclusion of the 
measurements such that data from all tuner positions for a given frequency is together beforeI' it is processed for final graphic presentation. 

II 

After the instruments are zeroed and their offset voltages recorded, the rf power is 
applied and the response of all devices which could be damaged by excessive field strength is 
measured. This checking is done as rapidly as possible for each frequency and provides one 
level of protection for the system. Typically, the operator should specify power levels that 
are appropriate for the EUT(s) being tested. Then this test will detect only those conditions 

I 	 which cause an unusually high response. 

II With the initial checking done, the program then proceeds to read the remaining 
instruments in the system. These include power meters, digital voltmeters, spectrum analyzer, 
specialized data acquisition systems, and/or any other monitoring device being used. 

As mentioned above, all frequencies of interest are measured before the tuner is moved to 
the next position. There are many possible ways to group this data and save it on a mass 
storage device. The approach used here is to maintain all the data for a given tuner step (or 
several steps) together in one file. This file can then be recalled and the data rearranged 
such that all the information for a given frequency is together. Saving the data frequently 
allows the measurement to be continued, without starting over, should the system lose power or 

( ! 

a fatal error occur. 

The routines necessary for operation of the instruments are, of course, unique to the 
device but some general concepts are useful to discuss: 

a). 	 The program should exercise some care to insure the validity of the readings. Most 
instruments will allow access to a status byte that will indicate many failures common to 
the device. This can be monitored during the read cycle and action taken if the 
measurement is not valid. Action is also necessary if the device fails to respond or 
hangs the interface bus. These situations may require operator assistance, but the 
program should be able to recover and repeat the operation if the condition is temporary. 

b). 	 Readings taken within the limits of the instrument yet too quickly for the rest of the 
system to respond, for instance the tuner may still be vibrating or the. sensor may be 
slow to respond, will cause erroneous results. For these measurements where the field 
being monitored is generated by a cw signal of constant amplitude, the response of a 
device should settle to a constant value, provided the tuner has stabilized and the 
device has had enough time to respond. The computer should be able to determine when to 
accept the reading based on the factors mentioned. One method is to install fixed wait 
statements that guarantee steady conditions. A more dynamic approach is to monitor the 
device and compare readings until steady conditions are reached. This optimizes the 
already lengthy measurement by avoiding long idle times that may not be necessary. A 
refinement to simply comparing readings is to compare the averages of several readings 
grouped together, referred to as a running average. This has a tendency to smooth noise 
that may be on the Signal and also to make comparisons of low level readings (near the 
noise floor) more stable. 

Step 5. Correct the data by applying the system calibration values and zero field offset 
1 readings. 

1:	 The correction factors are applied to the measured quantities at the time the data are 
taken and key items are calculated. These items are then stored in the memory for later use 
in compiling the data. Items may include incident and reflected powers to the transmitting

ill antenna corrected for cable loss and coupling factors, power received from the reference 
antenna (corrected), etc. Care must be taken at the beginning of the measurement to assure 
that calibration factors and cable loss correction to be used match the physical setup. 

At the completion of the last tuner position, with all the data residing in mass storage, 
the measurement routine is complete. The remaining tasks are independent programs, freeing 
the measurement system for other measurements. 

Step 6. Compile the corrected data by frequency, normalize to a constant net input power (for 
example 1 watt), perform the statistical calculations and present final results. 
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Normalization of the corrected measurement data for determining: a) the E-field in the 
chamber, and b) the EUT response, for a constant net input power is done for each tuner 
position. First the corrected net input power is determined and compared to the desired 
normalized value. The difference is then used to shift the corrected received power 
measurements and EUT response measurements as if the actual net input power had been the 
desired normalized value. This may involve a simple linear extrapolation as is the case for 
linear detectors, or it may require calibration of the nonlinear response characteristics of 
the received power detectors and/or EUT monitors thus resulting in appropriate corresponding 
nonlinear corrections. 

The statistical calculations are performed using the corrected, normalized data. These 
calculations include the maximum, average, and minimum values as appropriate, of the desired 
parameters (net input power, received power, EUT output response, etc.). The calculations are 
made using data sets obtained by using the corrected normalized data at the selected number of 
descrete tuner positions for one complete revolution of the tuner, at each frequency of 
interest. These result are then, typically, presented in graphs as a function of frequency. 

Mode Stirred Approach 

The mode-stirred measurement (figure 4.4) begins in a similar manner to the mode-tuned 
discussed above. The automated measurements sequence of events is somewhat different and 
hence some of the parameters necessary for performing mode-stirred measurements differ from 
mode-tuned. 

Step 1. Place EUT inside the chamber and access it as required for operation and performance 
monitoring. 

This is the same as for mode tuned. 

Step 2. Connect the measurement system as shown in figure 4.1 

This step is similar to the setup for mode tuned except the spectrum analyzer is used to 
measure the reference antenna received power and the EUT monitors must be fast sampling 
devices such as "smart" voltmeters referred to earlier. 

Step 3. Specify measurement and calibration parameters. 

These parameters are similar to the mode tuned case with the following two exceptions: 

a) 	 The specification of revolution time for the tuner determines the sample size and 
sampling parameters associated with the EUT monitoring equipment. Tuner steps 
(sampl ing size) are now gi ven as a function of time for one complete revol ution of 
the tuner from which the number of samples that will be taken during that single 
revolution, for each of the sampling instruments, is determined. These numbers 
require careful timing trials prior to automating a mode-stirred measurement. The 
instruments used for the tests detailed in this report, "smart" digital voltmeters, 
are capable of performing statistical operations on a large number of samples (up to 
9999) using a single trigger command. This feature is very convenient for this type 
of measurement but requires that the number of samples needed to synchronize rotation 
time of the tuner and total sampling time of the voltmeter be known prior to 
triggering the measurement. The time required for taking each sample voltage varies 
slightly with the amplitude of the signal measured. This makes it difficult to 
estimate accurately the total time required for any given number of samples. 
Approximations are used and the program adjusts the sample count to insure the 
correct sampling time for a complete revolution. The sampling should be completed as 
near to the end of the tuner revolution as possible to avoid weighting the statistics 
with an incomplete data set or data taken as the tuner begins a second revolution. 
Typical rates for tuner rotation are in the range of 1 to 12 minutes per single 
revolution. 

b) 	 The signal generator output level is now a range of values because this program has 
the ability to search for an optimum response of the device. The range of response 
values is also accessible in the mode-stirred menu and gives the operator control 
over minimum readable output from the EUT and also the level considered as the upper 
safe limit. The program will attempt to keep power levels adjusted such that the 
response is at some point above the minimum and never above a maximum. 
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Sometimes it is advantageous to monitor the EUT response using analog devices such as an 
xy recorder. If care is taken to insure that the response time of the recorder is short 
compared to the sampling rate or rotation rate of the tuner, the EUT output can be monitored 
in real time, thus allowing optimization of the sample rate to correspond to the EUT response 
time. Care must be taken to insure adequate sample time, otherwise the EUT response will be 
clipped yielding inaccurate results. This condition is easy to detect from the analog output 
plots and hence avoid. 

When the operator is satisfied with the parameter values and exits the menu, these 
values plus all calibration values (e.g., cable loss, coupling factors, etc.) are tabulated 
for reference. The measurement hardware is then initialized and the measurement begins. 

I 

Step 4. Perform the measurement (automated measurement sequence) 

The measurement sequence is shown in figure 4.4. At the beginning of each test all theIII, instruments are set to zero (rf power is off), if possible, or the zero offset is recorded the 
same as for the mode-tuned approach. The rf power is then applied at the lowest specified 
level, the tuner motion is activated, and the EUT response is monitored. This first 
measurement attempt, at each specified frequency, results in a search for a threshold response 
from the EUT. If the EUT's response is below the preselected level, the rf power is increased 
in 1 dB increments and held constant allowing the tuner to rotate a few degrees, while 
searching for the threshold level. If the threshold value for the EUT's response is not 
reached, the generator level is increased again and the searching process repeated until the 
threshold level is reached or the maximum range selected for the generator output is achieved. 
Upon finding an acceptable power level, the instruments are triggered to begin a measurement 
cycle. Typically the instruments used include "smart" digital voltmeters as mentioned earlier 
and a spectrum analyzer looking for a peak response from the reference antenna. Any 
specialized detecting device would also be included. The response of the EUT is constantly 
monitored via a second fast sampling voltmeter (in addition to the "smart" voltmeter doing the 
statistics) to protect it from overload. If, during the test, the response should exceed the 
maximum safe value so that the power level is decreased or any other error condition is 
detected, the program will remember the correct power level to be used as the measurement is 
restarted. 

At the time all the instruments are done sampling, the program checks to see if the tuner 
completed a full revolution before the measurements (sample) were finished. A comparison of 
the times taken for the tuner revolution and each meter's total sampling time is made. If 
these values agree to within a given tolerance and no other errors were detected, then the 
numbers are assumed to represent a valid measurement. On the other hand, if these conditions 
are not met, the sampling parameters are adjusted and the entire measurement process is 
repeated for the same frequency. SpeCial care taken in the preparation of these sample 
parameters, as mentioned earlier, will minimize the need for repeat measurements. 

The results from all the instruments are now read into the computer, corrected using the 
appropriate calibration factors and the necessary calculations are made. This includes the 
statistical parameters for the EUT monitored data, as determined by the "smart" voltmeters, 
and the peak value of the received power from the reference antenna as measured using the 
spectrum analyzer. Caution must be exercised if the test field is modulated since this may 
influence the accuracy of the measurement results depending upon the detector(s) response 
characteristics.. The reference antenna received power data can be used to determine a 
normalized response for the EUT based upon a constant test field level as a function of 

Iii 	 frequency if desired. The net input power delivered to the chamber is measured after the 
acceptable power level is established at the beginning of the measurement cycle, just prior to 
triggering the "smart" voltmeters. These measurements may then be used to normalize the dataIII to an equivalent constant input power level preselected for all test frequencies if desired. 
The entire process is then repeated until all frequencies have been measured. 

IIII 
The process by which the statistics are derived for the parameters monitored by the 

"smart vol tmeters" consists of the following steps: 1) the measured analog data is converted 
to digital form; 2) the first data value is stored for future reference; 3) the second and 
subsequence data values are compared to the previous data values to determine maximum, 
minimum, and the running total values; 4) at the conclusion of the data collection, 
(completion of the data sample) the running total is divided by the sample size to calculate 
an average value for the data set; and 5) finally, the maximum, minimum, and average values 
stored in the "smart" voltmeter are transferred upon command to the computer for mass storage 
and future use as required. 
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Step 5. Compile the corrected data and present final results. 

Data obtained using the mode stirring approach is not normalized at each tuner position. 
Corrections applied to this data to normalize it to a specified value of net input power must 
be applied to the maximum, average, and minimum values as determined by the "smart" voltmeters 
(EUT and other monitored responses) or the maximum value (reference received power) as 
determined by the spectrum analyzer. Correction made to the data for cable loss, etc., must 
also be made in a similar way. After these corrections are made, the data is compiled by 
frequency and presented typically in graph form usually showing only the maximum values as a 
function of frequency. For example see figures 5.15 and 5.16. 

5. Experimental Test Results 

5.1 Correlation of Results to Anechoic Chamber Tests - Some Examples 

This section describes efforts to estimate a "correlation factor" between reverberation 
chamber and anechoic chamber obtained results. This was done first for reference standard 
EUTs and then for an EUT more typical of operational equipment. Tests were performed using 
the NBS reverberation chamber and a 4.9 m x 6.7 m x 8.5 m anechoic chamber also located at 
NBS. The EUTs included in this study are: 1) a one centimeter dipole probe antenna (200 MHz 
to 18 GHz), 2) a ridged horn antenna (800 MHz to 10 GHz), 3) a series of rectangular coaxial 
transmission line (TEM) cells with apertures, (200 MHz to 4000 MHz), and 4) a modified 7.0 cm 
(2.75 II) folded fin aircraft rocket, (FFAR) (200 MHz to 12.0 GHz). 

5.1.1 Description of Anechoic Chamber Measurement System 

A block diagram of the NBS anechoic chamber EMC measurement system is shown in figure 
5.1. The test field is established inside the chamber by means of an rf source connected to a 
standard gain transmitting antenna. This "standard field" is computed from [22J 

E ~ 30 	 PnetG ( 1 4) 
D 

where Pnet is the net power in watts delivered to the transmitting antenna, G is the effective 

gain for the transmitting antenna, and D is the separation distance in meters. Equation (14) 
assumes far-field conditions for a field point on axis of the transmitting antenna so that G 
is the maximum power gain. 

The net power, P , is determined using calibrated power meters and bidirectionalnet 
couplers from the expression 

(15) 

where Pinc is the forward incident power, P is the reverse reflected power measured on theref 
sidearm of the coupler, and CR F and CR R are the forward and reverse coupling ratios for the 

coupler referenced to its output port. 

The transmitting antennas used are open ended waveguides (200 to 500 MHz) and standard 
gain horns (500 MHz to 18 GHz). 

Comparisons of the response or susceptibility characteristics of EUT (or antennas) 
obtained using an anechoic chamber and a reverberation chamber are typically made in terms of 
peak values. The main reasons for this are that typically the EUT's worst case performance or 
susceptibility is desired, and the practical consideration of the difficulty in obtaining a 
true average response for an EUT from anechoic chamber data. Even determining the EUT's peak 
response in an anechoic chamber (depending of course upon how well behaved the EUT radiation 
pattern characteristic is) can require considerable measurements involving complete pattern 
measurements. 

5.1.2 Measurement of the Peak Response of a 1 cm Dipole and a Ridged Horn 

A comparison of the peak output response data obtained for the 1.0 cm dipole using the 
NBS reverberation and anechoic chambers is given in figure 5.2. Note that the probe output 
response in the anechoic chamber is greater, in general, by about 2.5 dB than its output in 
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the reverberation chamber. This suggests that the correlation between the results may be 
related to the EUT's gain characteristics in the two chambers (i.e., the gain of the dipole 
probe in free space is approximately 2.5 dB). Determination of a far-field gain for a complex 
receptor (for example the EUT described in section 4.3.4) is extremely difficult. Therefore, 
a simple, well defined broadband receiving antenna (a ridged horn) was used as an EUT to 
repeat similar tests performed for the 1 cm dipole. The horn is designed to operate in the 
frequency range 800 MHz - 10 GHz. For these measurements in the anechoic chamber, the peak 
response (peak received power) of the horn occurs when the horn is bore-site aligned and 
polarization matched with the source antenna. These measurement results were then compared 
with the horn's peak received power in the reverberation chamber with the same level exposure 
field. The results are shown in figure 5.3a. Note that the horn's response is greater in the 
anechoic chamber. To see if this difference corresponded to the difference in the gain 
characteristics of the horn in the anechoic chamber, as compared to that in the reverberation 
chamber, the horn was calibrated to determine its far-field gain in the frequency range 800 
MHz 10 GHz. These results are shown in figure 5.3b. Again, note the general agreement 
between the difference in the horn's response measured in the two facilities and the horn's 
far-field gain. 

5.1.3 	 Measurement of RF Coupling Through Apertures in TEM Lines 

Measurements were made using the reverberation and anechoic chambers to evaluate the rf 
coupling through apertures cut into a series of TEM cells or transmission lines. Three TEM 
cells were used. Similar models (EUTs) have been used for evaluating shielding effectiveness 
of connector assemblies [23J. Electromagnetic energy coupled through the aperture in the TEM 
cell when exposed to the test field excites the fundamental TEM mode inside the cell. This 
results in rf power conducted to the cell's output ports which can then be measured. These 
results are compared with the theoretically predicted values based upon a planar field 
exposure to determine degree of correlation. The results obtained for one of the TEM cells, 
shown in the photograph of figure 5.4, are given in figure 5.5. The dimensions for this cell 
are 12 cm x 18 cm x 36 cm with a 5.1 cm x 5.1 cm aperture centered in the top of the outer 
conductor. The theoretically predicted peak coupling for a uniform field exposure is also 
shown on figure 5.5 [24J. Measurements were not made in the anechoic chamber at frequencies 
below 500 MHz because of the limitations of the anechoic chamber measurement system. The 
theoretical peak values should be essentially the same as the measured values in the anechoic 
chamber. Again, the anechoic chamber peak data are generally higher than the peak 
reverberation chamber data. Also, the average reverberation chamber data are approximately 7-8 
dB lower than the peak data, similar to both the 1 cm dipole and ridged horn results. 

Results obtained for the second cell, shown in figure 5.6, are given in figure 5.7. The 
dimensions for this cell are 12 cm x 12 cm x 24 cm with a 3.1 cm diameter aperture. The 
results are similar to those shown for the larger cell. Results obtained for the third cell, 
shown in figure 5.8, are given in figure 5.9. The dimensions for this cell are 3.0 cm x 6.0 
cm x 11.4 cm with a 1.4 cm diameter aperture centered in the top of the outer conductor. 
Again the results are similar. 

5.1.4 	 Measurements of the EM Susceptibility of a Modified 1.0 cm Folding Fin Aircraft Rocket 
(FFAR) [25J. 

A 1.0 cm diameter FFAR was modified with a thermocouple element to sense the response of 
the rocket's inserted electro-explosive device (EED). This was done to allow measurement of 
the rf current coupling into the EED's bridge wire circuit when the rocket is exposed to an rf 
field. The rocket was also modified with a 1.27 cm plastiC spacer at the base of its fin (on 
the tail section) to increase the rf coupling to the bridge wire circuit. This lessened the 
requirements for high rf power to generate fields sufficient to perform these measurements. 
This modification was justified, realizing the purpose of this study was to compare 
susceptibility results obtained for the rocket in different environments and not to simply 
evaluate an EUT's susceptibility to EMI. Photographs showing the rocket placement inside the 
NBS reverberation chamber and the NBS anechoic chamber are shown in figures 5.10 and 5.11. 
Measurement results of the rocket's thermocouple peak output current resulting from rf 
coupling as a function of frequency are shown in figures 5.12a and 5.12b. These data were 

obtained using exposure fields normalized to 10 mW/cm 2 in each of the chambers. The anechoic 
chamber data were obtained by rotating the rocket in azimuth in a planar far-field using both 
vertical and horizontal polarizations. The rocket was rolled a few degrees around its axis 
before each azimuth cut. Sufficient roll angles were used to determine the peak response. 
Examples of pattern data obtained in the anechoic chamber at three selected frequencies are 
shown in figure 5.13. A total of 119 patterns were obtained in the anechoic chamber from 
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which the peak response at each frequency was determined. These data were then used to plot 
curve A of figure 5.12a. Curve A (anechoic chamber data) indicated greater response or more 
susceptibility, except at one frequency (1800 MHz), than curve B (reverberation chamber peak 
response). Again, the proposed explanation for this is the difference between the gain 
characteristics of the rocket's response in the anechoic chamber (for example see figure 5.13) 
and its gain characteristics in th8 reverberation chamber. The rocket gain is lost in the 
reverberation chamber. Figure 5.12b shows the difference between curves A and B for figure 
5.12a. 

5.2 Comparison of Results Between Reverberation Chambers 

Measurements were made of the EM susceptibility response of three different EUTs, using 
two additional, similar, but different size reverberation chambers. These measurements were 
made to give an indication of the repeatability in measurement results obtained using the same 
technique (reverberation chamber methods) but with totally different facilities. The second 
and third reverberation chambers are located at the Naval Surface Weapons Center, Dahlgren, 
Virginia. These chambers were made from a single large shielded enclosure partitioned into 
two compartments with a removable center panel. The two chambers consist of: 1) the half 
chamber, 3.51 m x 5.18 m x 5.86 m in size using a little over half of the full enclosure, and 
2) the full chamber, 3.51 m x 5.18 m x 10.82 m in size, using the full enclosure. The NSWC 
enclosure was constructed of continuously welded steel sheeting similar to the NBS enclosure. 
Two basic inSights are provided by a comparison of results obtained from the evaluation of 
these different enclosures. First, that the input power requirements of a chamber is a 
function of its size and can be estimated based upon the calibration of a chamber of similar 
construction. Second, susceptibility test results obtained for the same EUT in different 
reverberation chambers are comparable. These conclusions are demonstrated in figures 5.14 to 
5.17. Figure 5.14 shows a comparison of the fields inside the NBS and NSWC chambers 
calculated from the chamber's reference antenna received power measurements and then measured 
by a calibrated 1 cm dipole probe. The net input power was normalized to one watt for all 
three chambers. Note that the field inside the NBS chamber is approximately 4 dB stronger 
than the NSWC half chamber and 6 dB stronger than the NSWC full chamber. Recall that the 
power density inside a second chamber can be estimated from a calibrated chamber by using (9). 
The ratio of the average power densities for the NBS to NSWC full size chamber for the same 
net input power (see section 2.1) was 3.22. This is equal to approximately 5 dB, a little 
less than that indicated by comparing figures 5.14a and 5.14c, but still within reason. 

The second point of obtaining comparable susceptibility results using different chambers 
is demonstrated in figures 5.15 to 5.17. These graphs show the comparison in measuring the 
responses of the NBS 1 cm dipole probe and a rectangular single ridged horn to a normalized 37 
dB Vim field inside the three different chambers and the peak response of the 7.0 cm FFAR to a 

normalized 10 mW/cm 2 power density inside the NBS and the NSWC half size reverberation 
chambers. In general, the agreement is within measurement tolerances except at 200 MHz for 
the FFAR. This frequency approaches the lower limit for using the reverberation chambers and 
is also where the FFAR is most susceptible and hence where one would expect the greatest 
difference. 

6. Summary and Conclusions 

6.1 Conclusions Drawn From Study 

1. 	 The practical lower frequency limit for using the NBS enclosure as a reverberation chamber 
is approximately 200 MHz. This lower limit is due to a number of factors including 
insufficient mode density, limited tuner effectiveness, and ability to uniformly excite 
all modes in the chamber. These factors are a function of both chamber geometry and size. 
Increasing the inside dimensions of the chamber will lower the useful frequency limit in 
an approximately proportional manner. 

2. 	 Spatial variations in the E-field maximum and average values determined in the chamber's 
test volume are: 

Frequency (MHz) Variation in Measured E-Field 

200 <± 8 dB 
500 <± 5 dB 

1000 <± 3 dB 
2000 <± 2 dB 
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These data were determined using the mode tuned approach with 200 tuner increments for 
one complete tuner revolution. The limitation for determining the spatial E-field variation is 
most likely due to the increasing mode density and hence field complexity in the chamber as a 
function of frequency and the insufficient sampling of the field resulting from the limited 
number of tuner positions used. The spatial E-field variations should decrease less than 2 dB 
at frequencies above 2 GHz if sufficiently large data samples are taken. 

3. 	 Using a combination of antennas within their specified design frequency ranges for 
transmitting and as reference receiving antennas inside the chamber is preferred to the 
use of a long wire antenna. This is apparent because of the lower VSWR and greater 
efficiency in exciting the chamber and coupling energy from the chamber. 

4. 	 E-field data obtained using the mode stirred approach with the chamber empty have 
significantly less amplitude variations with frequency than data obtained using the mode 
tuned approach, particularly at frequencies above 1-2 GHz (e.g., <3 dB rather than <6 dB. 

I.l Compare figure 2.26 to figure 3.3.) This implies that the mode stirring method is 
superior for some applications above these frequencies. This is significant since the 
stirred method is much simpler and faster to use. In comparing the two methods it is 
interesting to note the difference in the amplitude of the maximum fields at frequencies 
below 1-2 GHz. The mode tuned method is more accurate at these frequencies for 
determining the absolute amplitude of the test field since it allows for corrections due 
to changes in antenna VSWR. Because of these observations and other supporting data, the 
best results (accuracy versus measurement time considerations) for the NBS reverberation 
chamber can be obtained using the following approaches and tuner positions for 
susceptibility testing: 

Frequency Range Method # Tuner Positions or Samples 

0.2-1.0 GHz Mode Tuned 200 
1.0-2.0 GHz Mode Tuned 400 

>2.0 GHz Mode Stirred 5000 

5. 	 Lowering the Q of the enclosure: a) increases the rf power required to obtain the test 
field, b) increases the uncertainty in determining the test field level, and c) decreases 
the spatial, statistical field uniformity. 

6. 	 The statistically determined average wave impedance of the EM field in the chamber is 
approximately that of free space (377 ohms), thus confirming the validity of (10). 

7. 	 The maximum E-field is approximately 7 to 8 dB greater than the average E-field. 

8. 	 Scattering from the EUT does not seem to influence the statistical, spatial E-field 
distribution within the chamber. 

9. 	 Multiple source excitation (from more than one location) improves the spatial E-field 
distribution slightly, but not enough to justify additional hardware requirements and the 
additional rf power needed to compensate for the loss in the additional input transmission 
line required. 

il:1 	 10. Energy is conserved in the chamber (i.e., power coupled from the chamber via loss in 
transmission lines, antennas, EUT, physical support materials, etc., reduce the power 
density in the chamber. Thus it is good practice to remove all that are not essential to 
the tests from the chamber. 

11. 	 The chamber (NBS) continues to operate (as a reverberation chamber) with loading that 
reduces the Q significantly (up to 90% of the total energy absorbed), however, with 
significant loss in measurement accuracy. 

6.2 	 Summary of Measurement Uncertainties 

6.2.1 Determining the Field Strength Inside the Chamber 

Recall from section 2.3.1 that the susceptiblity!vulnerability test field established 
inside the ~hamber can be expressed either in terms of an 1!equivalent" power density (8) or an 
"equivalent" E-field strength (10). An estimate of the uncertainties in each of these 
quantities can be obtained by analyzing the contributing parameters involved in each 
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mode-tuned and mode stirred approaches respectively, within their appropriate frequency bands. 
Five major categories are identified. The first is the uncertainty in determining the 
received power from the chamber's reference antenna. This is broken up into four components: 
namely, cable loss, attenuator calibration, reference antenna efficiency and power meter or 
spectrum analyzer measurements uncertainties. Values shown are typical of estimated 
uncertainties stated for these type of measurements and instruments. 

The second category is the impedance mismatch error that can occur between the reference 
receiving antenna(s) (source) and the power detector(s) (load). The actual power delivered to 
the load is a function of the impedance match between the source and load, with maximum power 
transfer occurring when a conjugate impedance match exists. 

Power transfer between a source and a load is gi ven as 

2 ) fraction of maximum 
P available power absorbed (16)

f by the load 11 rsrLI2 

where rS and denote complex reflection coefficients. The magnitudes, Irsl and IrLI can be 

obtained from the appropriate VSWR by the expressions 

VSWR - 1 
i = S or LIr i I = VSWR + 1 

The VSWRs for the reference antennas (sources) and power detectors (loads) used in the 
NBS reverberation chamber are given in table 6.3. These values were used to calculate the 
estimated uncertainties shown for the mismatch error in tables 6.1 and 6.2. Note that 
different average and maximum values are given. 

The third category of error, referred to as mlxlng or sampling efficiency, is divided 
into two parts. The first part relates to the ability to obtain a uniform spatial field 
distribution (statistically) inside the chamber and to effectively destroy the polarization 
characteristics of the exposure field. (i.e., the statistically determined response 
characteristics of the EUT and chamber reference antenna are independent of their directional 
properties.) The second part is the uncertainty due to limiting the number of tuner positions 
per revolution when performing the measurement. This source of uncertainty is different when 
determining the average as compared to the maximum field as shown in the tables. Data shown 
in figure 2.27 and table 6.4 were used in obtaining these estimates. 

The fourth category of uncertainty relates only to determining the equivalent E-field 
strength in the chamber from the equivalent power density. Recall that (10) assumes that the 
equivalent wave impedance inside the chamber is 120n ohms. In reality this is not true as was 
shown in figure 2.25. This figure was then used to provide an estimate for this error taking 
into account that a significant amount of data obtained to date indicates that peak fields are 
approximately 7-8 dB greater than the average field strength inside the chamber (see section 
2.3.2). i.e., An examination of figure 2.25 shows values of wave impedance as large as 1600 
ohms at frequencies below 500 MHz when the maximum E-field was measured. This would require a 
large correction, up to 6.3 dB. However, experience indicates that a well behaved 
relationship (7-8 dB difference) exists between the measured peak and average values of the E
field. This suggests that the peak value of the wave impedance for maximum E-field inside the 
chamber decreases as the frequency increases thus lowering this source of error. These 
observations are reflected in the uncertainty estimates shown in the tables. 

The fifth source of error occurs if one fails to correct for net input power variations 
due to the loading effect of the chamber on the VSWR of the source antennas. (See section 4.2 
for more details.) Note that these corrections are made typically when using the mode tuned 
approach and hence are not included in the total or root-sum-square error estimates of table 
6.1. They are shown on the table to provide insight to the estima,ted magnitude of error 
expected if this correction were not made. The basis for these estimates are the data shown 
in figures 6.1a and 6.1b. These figures show the average and maximum E-field strength 
measured inside the NBS reverberation chamber using an array of seven NBS isotropic probes. A 
comparison is shown between results obtained before and after the measurements were corrected 
for net input power variations and normalized for an equivalent constant net input power. 
Note from table 6.1 this error is the same order of magnitude as 2), the mismatch error 
between the receiving antennas and power detectors. This is as expected since the source and 
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receiving antennas used in the chamber have similar VSWRs and the power detector (load) and 
generator VSWRs are also similar. This error is included in table 6.2 and estimated to be the 
same as for the receiving mismatch error. 

The total (worst-case) uncertainties for each approach (mode-tuned, and mode-stirred) are 
shown at the bottom of each table. This uncertainty should be regarded as a conservative 
estimate. The probability of the true value of Ea being near the extreme of such worst-case 

uncertainty is small. This is because the probability of every error source being at its 
extreme value and in the worst possible combination is almost zero. 

A more realistic method of combining uncertainties is the root-sum-of-the-squares (rss) 
method. The rss uncertainty is based on the fact that most of the errors are independent of 
each other and hence are random with respect to each other and combine like random variables. 

II The rss method of combining random variables is justified by statistical considerations 
(beyond the scope of this report) which are also inherent in the reverberation chamberII 
measurement methods. 

II 
Finding the rss uncertainty requires that each individual uncertainty be expressed in 

fractional form. The method of calculation follows the name square the components, sum 
those squares and then take the square root. The results are shown at the bottom of tables 
6.1 	 and 6.2. 

6.2.2 General Comments on Error Analysis. 

Some general comments on interpreting immunity measurement results uncertainties based 
upon the above experimental error analysis are appropriate. 

1) 	 The mismatch error at frequencies below 2 GHz, (particularly if corrections are not made 
for either the transmitting antennas or the receiving antennas mismatch looking into their 
source or load), will cause the field determination inside the chamber to be low. This 
also causes the EUT response results to be lower than they actually are. For example, the 
low frequency data of figures 5.15, 1 cm dipole, and 5.16, ridged horn, should be 
corrected (response increased) proportionally to the systematic offset error estimates 
show in tables 6.1 and 6.2. (i.e., 3.46 dB at 1.0 GHz and 1.66 dB at 2.0 GHz). 

2) 	 The wave impedance, when the peak response of an EUT is measured, appears to be higher 
than 120n ohms. This means that if the free space wave impedance of 120n ohms is used in 
determining the corresponding peak amplitude of the exposure field, there will be a 
systematic offset error resulting in too Iowa calculated E-field exposure value, or, 
since the actual E-field is higher than the calculated value this results in too high a 
EUT response indication for a specified E-field exposure. 

I 

II! 3) 	 The spatial variation in the measured, statistically determined E-field in the chamber 
resulting from a complete revolution of the tuner decreases from as great as ± 8 dB at 200 
MHz down to less than ± 2 dB at 2.0 GHz. (See figure 2.27.) Logically, it is expected 
that this variation will continue to decrease as the frequency increases. However, high 
variations exist in the response data obtained for EUT at frequencies where the spatial E
field variations are small. This is probably due to the relatively large variations in 
the wave impedance as a function of tuner position. Some additional influence may be due 
to the mismatch characteristics of the antennas vs source and load as a function of 
frequency. A way to reduce this problem is to increase the number of frequencies at which 
data are taken (clustered around a particular frequency of interest) or increase the 

I' number of reference receiving antennas or probes used to determine the exposure field (for 
I example see figure 2.27) and then average the data. 
I 
I 

6.3 Measurement Technique Advantages and Limitations 

Significant advantages do exist, as alluded to in the introduction, for using a 
reverberation chamber for EMC measurements. Specific advantages and limitations for which 
inSight was obtain from this study include: 

a) 	 The ability to generate high level fields efficiently. For example, 1 watt net input 
power into the NBS reverberation chamber results in electric fields of approximately 70 
Vim. This is approximately 1/10 the input power required to generate the same level field 
in the NBS anechoic chamber, assuming far-field separation distances. 
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b) 	 Large test zones, for example up to 2/3 of the volume inside a reverberation chamber can 
be available excluding an area approximately 1/2 meter spacing to the walls. 

c) 	 Broad frequency coverage (from 200 MHz to at least 18 GHz in the NBS chamber). 

d) 	 Testing is cost effective. This is especially true in comparison to anechoic chamber 
testing. Significant savings are realized in two major ways. First, the facility 
installation and measurement system procurement costs for a reverberation chamber are 
significantly less than for an anechoic chamber. Second, the time required to perform a 
complete EMC analysis of an EUT should be much less using a reverberation chamber. Again, 
from our experience in evaluating the susceptibility of the 7.0 cm FFAR, it required 
approximately 1/10 the test time to obtain the reverberation chamber results as compared 
to the anechoic chamber results shown on figure 5.13. 

e) 	 The directional characteristics of antenna or EUT placed inside a reverberation chamber 
are lost resulting in an equivalent gain of unity. 

f) 	 The response of an antenna or EUT measured inside a reverberation chamber is less than 
when measured inside an anechoic chamber (open space) in proportion to its gain. Hence, 
it appears that the EUT's gain is the desired correlation factor. This implies that 
susceptibility criteria determined for an EUT using a reverberation chamber must include 
an additional factor proportional to the EUT's estimated maximum gain as a function of 
frequency. 

g) 	 The response of EUT to an electromagnetic field after it has penetrated the EUT's shield, 
appears to be equivalent in both the reverberation and anechoic chambers. 

The advantages indicated above may well outweigh the disadvantages implied in items e and 
f, at least for some applications. The obvious trade off is one of measurement uncertainty 
that one can tolerate in determining the EMC/EMI characteristics of specific EUT and the 
inherent measurement uncertainties associated with determining the amplitude of the test 
fields inside the reverberation chamber. 

7. Suggestions for Future Research Efforts 

Because of the significant potential of the reverberation chamber method for performing 
immunity measurements, considerable interest has been expressed to further evaluate this 
technique with the intent of extending its range of applications. Specifically, the following 
suggestions are offered. 

1) 	 Evaluate the reverberation chamber measurement method for pulsed rf (down to 1 ~s pulse 
duration) immunity testing, (i.e., experimentally investigate pulse dispersion 
characteristics of the chamber). Measurement studies are in progress at NBS under the 
sponsorship of the NSWC and RADC to complete this task. 

2) 	 Determine the feasibility of extending the use of the chamber from 18 GHz to 40 GHz. A 
plan exists to undertake such an effort in late 1985 at NBS under sponsorship of RADC. 

3) 	 Evaluate reverberation chamber excited as a TEM transducer, (i.e., determine the 
feasibility of consolidating a TEM cell and reverberation chamber into a single facility 
for testing from 10 kHz to 18 GHz and beyond). This item is suggested because of the 
unique potential of developing a single, shielded facility that could be used for EMC/EMV 
testing over the complete frequency range listed above. This task is also planned at NBS 
under RADC sponsorship. 

4) 	 Investigate the feasibility of using the reverberation chamber for multiple frequency 
immunity testing. This is of interest because such complex fields of multiple frequencies 
can exist in typical operational environments. 

5) 	 Investigate the use of the reverberation chamber technique for measuring shielding 
effectiveness of connectors (evaluate MIL STD 1344 measurement technique), shielding 
materials, and enclosures in comparison to other techniques. This suggestion is included 
with the objective of improving the state of art in shielding measurements and to 
determine if correlation or agreement exists between results obtained using the 
reverberation chamber method and other established techniques. 
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Theoretical composite Q and experimental Q' determined for NBS reverberation 
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b) Ratio of the theoretical composite Q to experimental Q' as a function of 
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Bulkhead panel used for accessing NBS reverberation chamber. 

Tuner designs for use in reverberation chambers. a) McDonnell Douglas Corp. 
TEMEC tuner, b) NSWC chamber tuner, c) NBS chamber tuner. 


Photograph of tuner, log-periodic transmitting antenna and NBS isotropic probes 

inside NBS reverberation chamber. 


Details of tuner and stepping motor mounting for the NBS reverberation chamber. 

Ratio of maximum to minimum received power obtained by rotating tuner in the 
frequency range 200 MHz to 18 GHz. a) Empty chamber, b) Four pieces of 66 cm rf 
absorber placed upright in center of chamber, 0.5 m above floor. 

Cross sectional views of NBS reverberation chamber showing placement of tuner, 
transmitting and receiving antennas, and NBS probes. 

Design of taper section of long wire antenna for use in Reverberation chamber. 

Photograph showing long wire antenna and NBS probes placement inside NBS 
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Figure 5.1 

Figure 5.2 

VSWR of transmitting antennas placed inside NBS reverberation chamber. a) Long 
wire antenna, chamber empty, b) Composite of three antennas,(log-periodiC, O. 
1.0 GHz), (ridged horn ,1.0 - 4.0 GHz), and (double ridged circular horn, 4.0-18 
GHz), chamber empty, and c) Composite of three antennas with chamber loaded with 
4 pieces of 66 cm rf absorber placed upright in center of chamber, 0.5 m above 
floor. 

Average and mi~imum losses between transmitted and received powers measured at 
antennas's terminals inside NBS reverberation chamber. Long wire antenna 
transmitting ( 00 MHz - 18 GHz), composite of three antennasreceiving (log 
periodi 200 MHz 1000 MHz, ridged horn, 1.0 GHz - 4.0 GHz, double ridged 
circular horn, 4.0 GHz - 18 GHz). 

Average and minimum losses between transmitted received powers measur at 
antennas' term nals inside NBS chamber wi th four pieces of 66 cm rf absoroer 
upright in center of chamber, 0.5 m above floor. Compos i te of three antennas 
used for transmitting and receiving. 

Magnitude of wave impedance inside NBS reverberation chamber. 

Average and maximum E-field strengths inside empty NBS reverberation chamber for 
1 W net input power determined from: a) composite of 3 antennas received power 
measurements, and b) calibrated 1 em dipole probe measurements. 

E-field strength measured inside NBS reverberation chamber using array of 7 NBS 
isotropic probes: (a) maximum, and (b) average. Net rower normalized to 1 Watt. 
Transmitting antennas are: log periodic (100 MHz 1 GHz), ridged horn (1 GHz 2 
GHz) . 

Mean values of the E-field strength measured inside NBS reverberation chamber 
using array of 7 NBS isotropic probes with 1 W net input power: (a) average, and 
(b) maximum. Data determined from maximum and average values of the 7 probes (7 
locations) for the three orthogonal components and their sum (total) using 200 
tuner positions (1.8 degree increments). 

Placement of metallic objects inside NBS reverberation chamber to evaluate 
scattering effects upon E-field spatial distribution. a) Photograph showing 30 
cm x 50 cm x 60 cm welded aluminum box inside NBS reverberation chamber. b) 
?hotograph showing rolling equipment rack inside NBS reverberation chamber. 

Compar son of the mean value of the average and maximum E-field strength measured 
using array of probes placed inside NBS reverberation chamber with chamber empty 
or with sting object placed at center of test zone. a) 30 cm x 50 cm x 60 
cm aluminum box, b) Rolling equipment rack. 

Maximum E-field strength inside empty chamber and chamber loaded with 4 pieces of 
66 cm rf absorber for 1 W net input power determined from composite of antennas 
received power measurements. Data obtained using mode stirring approach. 

Block diagram of NBS reverberation chamber evaluation and EMC measurement system. 

Major software tasks for performing and evaluation susceptibility tests using a 
reverberation chamber. 

Flow diagram for mode-tuned measurements. 

Flow diagram for mode-stirred measurements. 

Block diagr of NBS anechoic chamber EMC/EMI measurement system. Side view of 
chamber. The outside width is 6.7 m. 

Comparison of 1 cm dipole probe's peak responses to EM field established inside 
NBS reverberation and anechoic chambers. Output normalized to E-fi d exposure 
of 37 dB Vim. 
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Figure 5.3 	 Comparison of ri horn's peak responses to EM field established inside NBS 
reverberation anechoic chambers. Output from horn normalized to exposure E-
field of 37 dB Vim. a) Antenna output versus frequency, b) Difference in output 
responses of ridged horn measured in NBS reverberation and anechoic chambers 
compared to calibrated gain of horn. 

Figure 5.4 	 Photograph of 12 cm x 18 cm x 36 em rectangular TEM cell wi th 5.1 ern x 5.1 cm 
aperture. 

Figure 5.5 	 Comparison of power coupled to one port of 12 cm x 18 ern x 36 em TEM cell with 
5.1 cm x 5.1 	 cm aperture placed inside NBS reverberation and anechoic chambers. 

Figure 5.6 	 Photograph of 12 cm x 12 cm x 24 cm rectangular TEM cell with 3.1 ern diameter 
aperture. 

Figure 5.7 	 Comparison of power coupled to one port of 12 cm x 12 ern x 24 cm TEM cell with 
3.1 cm diameter aperture placed inside NBS reverberation and anechoic chambers. 

Figure 5.8 	 Photograph of 3.0 cm x 6.0 cm x 11.4 cm rectangular TEM cell with 1.4 cm diameter 
aperture. 

Figure 5.9 	 Comparison of power coupled to one port of 3.0 em x 6.0 em x 11.4 cm TEM cell 
with 1.4 cm diameter aperture placed inside NBS reverberation and anechoic 
chambers. 

F i gur e 5. lOPhot 0 grap h 0 f mod i fie d 7. 0 c m F old i n g Fin Air c r aft Roc k e tinside NBS 
reverberation chamber. 

Figure 5.11 	 Photograph of modified 7.0 cm Folding Fin Aircraft Rocket inside NBS anechoic 
chamber. 

Figure 5.12 	 Comparison of 7.0 cm modified FFAR thermocouple responses to EM field established 
inside NBS reverberation and anechoic chambers. Data normalized to exposure 

2 

power density of 10 mW/cm. a) Thermocouple output vs frequency. b) Difference 
in thermocouple output measured in NBS reverberation and anechoic chambers. 

Figure 5.13 	 Examples of azimuth patterns of 7.0 cm modified FFAR thermocouple response taken 
in NBS anechoic chamber. 

Figure 5.14 	 Comparison of the average and maximum E-field strengths inside the NBS and NSWC 
reverberation chambers determined for 1 W net input power using 1) reference 
antenna received power measurements, and 2) calibrated 1 cm dipole probe 
measurements. (a) NBS chamber, (b) NSWC half chamber, and (c) NSWC full chamber. 

Figure 5.15 	 Comparison of 1 cm dipole probe's peak responses to normalized E-field of 37 dB 
Vim using NBS and NSWC reverberation chambers. 

Figure 5.16 	 Comparison of ridged horn's peak responses to normalized exposure E-field of 37 
dB Vim using NBS and NSWC reverberation chambers. 

Figure 5.17 	 Comparison of 7.0 cm modified FFAR thermocouple responses to EM field established 
inside NBS and NSWC half reverberation chambers. Data normalized to exposure 

2 

power density of 10 mW/cm. a) Thermocouple output vs frequency. b) Difference 
in thermocouple output measured in NBS and NSWC reverberation chambers. 

Figure 6.1 	 E-field strength measured inside NBS reverberation chamber using array of 7 NBS 
isotropic probes: (a) average, and (b) maximum. Comparison shown between 
results obtained before and after normalization of measurements to correct for 
changes in net input power. Normalized data corrected for net input power of 1.0 
watt. chamber excitation antenna is log periodic. is average field strength 

determined from 7 probes. 
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Table 6.1 Summary and estimates of measurement uncertainties for determining field strength 
inside NBS reverberation chamber Mode Tuned (200 MHz - 2.0 GHz). 

Table 6.2 Summary and estimates of measurement uncertainties for determining field strength 
inside NBS reverberation chamber - Mode Stirred (2.0 GHz 18.0 GHz). 

Table 6.3 Estimates of impedance mismatch uncertainties for received power measurements. 

Table 6.4 Estimates of uncertainties due to limiting number of tuner positions (sample 
size). 
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Figure 2.1 	 Distinct frequencies of modes in ~BS 3.05 m wide 
by 4.57 m long x 2.72 m high shielded chamber bela", 
200 MHz. 
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Figure 2.2 	 Total number of modes as a function of operating frequency for the NBS 
chamber. 
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Figure 2.5 An illustration of mode degeneracy (NBS chamber). 
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Figure 2.8 	 Cumulative distribution curve of the normalized l/Q values in 
the 180 MHz to 200 MHz frequency band for the NBS chamber. 
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Figure 2.11 Photograph of interior of NBS reverberation chamber. 
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Figure 2.12 	 Average and minimum losses between transmitted and received 
powers measured at antennas· terminals inside NBS reverberation 
chamber. Transmitting antennas are: log periodic (200 MHz 
1000 MHz), ridged horn (1.0 GHz - _.0 GHz), double ridged 
oircular horn (_.0 GHz - 18 GHz). Receiving antennas are: long 
wire (200 MHz - 1000 MH%), ridged horn (1.0 GHz - _.0 GHz), 
double ridged circular horn (4.0 GHz - 18 GHZ). 
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Figure 2.13 	 Theoretical composite Q and experimental QI determined for NBS 
reverberation chamber. a) Theoretical and experimental values 
of Q as a function of frequency. b) Ratio of the theoretical 

composite Q to experimental Q' as a function of frequency. 
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Figure 2.14 Bulkhead panel used for accessing NBS reverberation chamber. 
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Figure 2.l5a 	 Photograph of field tuner/stirrer installed in McDonnell 
Douglas Corporation 2.4 m x 3.0 m x 7.6 m TEMEC 
(reverberation chamber) facility. 

Figure 2.l5b Photograph of field tuner/stirrer installed in NSWC 
3.5 m x 5.2 m x 5.9 m reverberation chamber. 
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Figure 2.15c. Photograph of field tuner/stirrer installed in NBS 
2.7 m x 3.1 m x 4.6 m reverberation chamber. 

Figure 2.15. 	 Tuner designs for use in reverberation chambers. 
a) McDonnell Douglas Corp. TEMEC tuner, b) NSWC 
chamber tuner, c) NBS chamber tuner. 
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at each end 
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3/4 Inch diameter 

Chamber j.Jall 

Figure 2.17a. 	 Details of collet for mounting tuner shaft to motor 
through wall of reverberation chamber. 

Figure 2.17b. 	 Photograph of tuner shaft mounted through collet on 
ceiling of NBS reverberation chamber. 

Figure 2.17 	 Details of tuner and stepping motor mounting for the NBS 

reverberation chamber. 
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Ratio of maximum to minimum received power obtained by rotating 
tuner in the frequency range 200 MHz to 18 GHz. a) Empty 
chamber, b) Four pieces of 66 cm rf absorber placed upright in 
center of chamber, 0.5 m above floor. 
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Cross seetion.l views of NBS reverberation chamber for use at frequencies
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Figure 2.19b 	 Cross sectional views of NBS reverberation chamber for use at frequencies

below 1.0 GHz showing location of antenna and array of NBS pr6bes. 

Figure 2.19 	 Cross sectional views of NBS reverberation chamber showing 
placement of tuner, transmitting and receiving antennas, and 
NBS probes. 
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Figure 2.20 	 Design of taper section of long wire antenna for use in 
Reverberation chamber. 
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Figure 2.21 	 Photograph showing long wire antenna and NBS probes placement 
inside NBS reverberation chamber. 
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Figure 2.22 VSWR of transmitting antennas placed inside 
NBS reverberation chamber. a) Long wire 
antenna. chamber empty; b) composite of 
three antennas, (log-periodic, 0.2-1.0 GHz).
ridged horn. 1.0-4.0 GHz). and (double 
ridged circular horn. 4.0-18 GHz). chamber 
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Figure 2.23 	 Average and minimum losses between transmitted and received 
powers measured at antennas's terminals inside NBS 
reverberation chamber. Long wire antenna transmitting (200 MHz 
- 18 GHz), composite of three antenna receiving (log periodic 
200 MHz - 1000 MHz, ridged horn, 1.0 GHz - 4.0 GHz, double 
ridged circular horn, 4.0 GHz - 18 GHz). 
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Figure 2.24 	 Average and minimum losses between transmitted and received 
powers measured at antennas' terminals inside NBS chamber with 
four pieces of 66 cm rf absorber upright in center of chamber, 
0.5 m above floor. Composite of three antennas used for 
transmitting and receiving. 
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Fi~ure 2.27 	 E-field strength measured inside NBS reverberation chamber llsing array of 7 NBS isotropic 
probes: (a) maximum, and (b) average. Net power normalL:ed to 1 Watt. Transmitting 
antennas are: log periodic (100 MHz - 1 GHz) , ridged horn (1 GHz - 2 GRz). 



AVE OF XYZ &. TOTAL AVE E-FIELD MEASURED HITH 7 PROBES 

45 

35 TOTAL E-FIELD .... 
e 
"
> 
CD 
"t! 

0 
...J 
W 
1-1 
Lt.. 
I 

L.l 

25 

TRANS COt1P ()() *_* 
VEI<T COtF IY) -4--4-+1

15 LONG COt1P (Z) XX)()( 

(a)
5 

. I 

FREQL£NCY (GHzl 

AVE OF XYZ &. TOTAL MAX E-FIELD MEASURED HITH 7 PROBES 
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Figure 3.1a Phot ograph showing 30 em x 50 em x 60 em we lded aluminum 
box inside NBS reverberation chamber. 
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Figure 3.lb 

Figure 3.1 

Photograph showing rolling equipment rack inside NBS 
reverberation chambero 

Placement of metallic objects inside NBS reverberation 
chamber to evaluate scattering effects upon E-field spatial 
distribution. a) Photograph showing 30 cm x 5a cm x 60 cm 
welded aluminum box inside NBS reverberation chamber. b) 
Photograph showing rolling equipment rack inside NBS 
reverberation chamber. 
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Table 6.1 Summary and estimates of measurement uncertainties for 
determining field strength inside NBS reverberation chamber 
Mode Tuned (200 MHz - 2.0 GHz) 

Error (dB) 
Source of Error 200 MHz 500 MHz 1.0 GHz 2.0 GHz 

Ave. Max. Ave. Max. Ave. Max. Ave. Max. 
1) Measuring Received Power 

Cable Loss ± 0.05 ± 0.05 ± 0.05 ± 0.10 
Attenuator Calibration ± 0.10 ± 0.10 ± 0.10 ± 0.10 

Antenna Efficiency ± 0.05 ± 0.05 ± 0.05 ± 0.10 
Power Meter Calibration ± 0.20 ± 0.20 ± 0.20 

Total ± 0.40 ± 0.40 ± 0.40 

2) Receiving Power Mismatch 
(See Figure 6.1) -2.8 -5.1 -1.5 -3.4 -0.7 -1.5 -0.3 -0.7 

3) Mixing/Sampling Efficiency 
Spatial Field Uniformity 
(see figure 2.27) ± 8.0 ± 5.0 ± 3.0 ± 2.0 
Limited Sample Size 
(see Table 6.4) ±0.2 ±0.5 ±0.2 ±0.5 ±0.2 ±1. 5 ±0.3 ±1.0 

Total ±8.2 ±8.5 ±5.2 ±5.5 ±3.2 ±4.5 

4) Wave Impedance • 120~ -2.8 -2.8 -2.0 -2.0 -2.0 -2.0 -2.0 -2.0 
(see Figure 2.25) +2.0 +6.0 +2.0 +6.0 +2.0 +4.5 +2.0 +3.0 

-14.2 -16.8 -9.1 -11.3 -6.3 -8.4 
Total Worst Case Error +10.6 +14.9 +7.6 +11.9 +5.6 +9.4 +4.8 +6.5 

-9.1 -10.3 -5.8 -6.8 
RSS Error +8.5 +10.4 +5.6 +8.1 +3.8 +6.4 +3.1 +4.3 

( 
5) Failure to Correct for 

Input Power Variations -4.0 -3.0 -2.0 -1.0 
(Transmit Mismatch Error) 

1IrIIt.!...._ 
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Table 6.2 	 Summary and estimates of mea.surement uncertainties for 
determining field strength inside NBS reverberation chamber 
Mode Stirred (2.0 GHz - 18.0 GHz) 

Error (dB) 
Source of Error 2.0 GHz 4.0 GHz 8.0 GHz 12.0 GHz 18.0 GHz 

Ave. Max. Ave. Max. Ave. Max. Ave. Max. Ave. Max. 
1) Measuring Received 

Power 
Cable Loss ± 0.10 ± 0.10 ± 0.15 ± 0.15 ± 0.20 

Attenuator Calibration ± 0.10 ± 0.15 ± 0.15 ± 0.20 ± 0.20 
Antenna Efficiency ± 0.10 ± 0.15 ± 0.15 ± 0.20 ± 0.20 

Spectrum Analyzer Cal. ± 1.50 + 1.50 + 1.50 ± 1.50 + 1.50 
Sub Total ± 1.80 ± 1.90 ± 1.95 ± 2.05 ± 2.10 

2)Receiving Power 
Mismat;ch 
(see Figur<:: 6,1) -0.8 -0.8 -0.8 -1.0 -1.8 

3) Mixing/Sampling 
Efficiency 


Spatial Field Var. ± 2.0 ± 1.0 ± 0.5 ± 0.2 ± 0.2 

Limited Sample Size 

(see Table 6.4) ±0.1 ±o. 3 ±0.2 ±0.5 +0.3 +0.7 ±0.3 ±1.0 ±0.3 ±1.5 


Sub Total ±2.1 ±2.3 ±1.2 ±1.5 ±0.8 ±1.5 ±0.5 ±1.2 ±0.5±1.7 

4) Wave Imped - 120n Average :i ±2.0, -2.0 ~ Maximum ~ +3.0 

5) Failure to Correct 
for Input Power Var. -0.8 -0.8 -0.8 -1.0 -1.8 

Total(Worst Case)Error 	-7.5 -7.7 -6.7 -7.0 -6.4 -6.8 -6.6 -7.3 -8.2 -9.4 
+5.9 +7.1 +5.1 +6.4 +4.8 +6.2 +4.6 +6.3 +4.6 +6.8 

RSS Error 	 -3.6 -3.7 -3.1 -3.3 -3.1 -3.2 -3.2 -3.4 -3.9 -4.2 

+3.4 +4.2 +3.0 +3.9 +2.9 +3.8 +2.9 +3.8 +2.9 +4.0 


I 
I 
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Table 6.3 	 Estimates of impedance mismatch uncertainties for received power 
measurements 

'i 
VSWR Mismatch Error 

Frequency Source Load (dB) 
GHz Ave Max Max Ave Max 

0.2 5.0 10.0 1.10 -2.83 -5.15 

0.5 3.0 6.0 1. 1 0 -1.46 -3.40 

Ii 1.0 2.0 3.0 1.10 -0.66 -1.46I 
2.0 1.5 2.0 1. 10 -0.27 -0.66 

II 2.0 2.0 2.0 1.20 -0.81 -0.81 

4.0 2.0 2.0 1.20 -0.81 -0.81 

8.0 2.0 2.0 1.20 -0.81 -0.81 

12.0 2.0 2.0 1. 30 -0.95 -0.95 

18.0 2.5 2.5 1.50 -1.77 -1.77 

Table 6.4 	 Estimates of uncertainties due to limiting number of tuner 
positions (sample size). 

Error due to limiting Sample Size 
Ave/Max (dB) 

Frequency Number of Tuner Positions 
GHz 50 100 200 400 800 

0.2 0.2/0.8 0.2/0.5 

0.5 0.6/3.6 0.5/2.0 0.2/0.5 

1 .0 	 1.0/4.0 0.2/1.5 0.2/0.5 0.1/0.2 

2.0 	 0.5/3.0 0.3/1.0 0.1/0.5 

4.0 	 0.5/3.0 0.2/1.0
I) 

8.0 	 0.5/3.0 
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100! RE:--Sl0RE "ModeTuneOl" 
102 OrIginal: 5 May 1984 G. Koepke (30::') 497-5766 
104 I Revision: 21 Feb 1986. 09:20 
106 
108 This measurement routine will operate the REVERBERATION CHAMDER 
110 • using MODE TUNED techniques. The tuner is stepped in discrete steps 
112 and measurements are performed at each step. In this version ~LL 
114 t frequencies are measured at each tuner step before proceeding 
116 to the next step. 80th the case of susceptabilitv (power s!1pplied 
118 by a signal generator) and emissions (power supplied by EUTJ can be 
120 handled. This program will handle EUT emissions by not measuring 
122 the net input power and recording the received power as detected 
124 by the reference antenna. Duplicate measurements are required to 
126 inject an 'equivalent' (will be normalized later) power to set 
128 t up the same response using the transmit antenna as was measured 
130 with the EUT only. This method will determine the total power 
132 radiated by the EUT. 
134 
136 The program will also handle the case where the tuner is not stepped, 
138 as in a TEM cell or ANECHOIC chamber where a single measurement 
140 I is needed. The data is condensed for this case. 
142 
144 Coupler, cable loss, and Power meter head corrections are applied 
146 immediately to the measured data. These computations must be verified 
148 by examining program lines that begin with the line label 
150 App I y _cal_data, merel y e::ecutf? the EDI T command as shown. 
152 
154 EDIT Apply_cal_data 
156 
158 The measurement data are saved on disk for processing. It may also 
160 be tabulated as the measurement proceeds by toggling a print flag 
162 that is shown at the start of each tuner step. 
164 
166 
~68 Fea.tures: 1) NBS multiprobe system 
170 2) HP 436 and/or HP 438 power meters 
172 3) HP 3456 or 3478 DVMs 
174 4) HP 8566 Spectrum Analyzer (Power only) 
176 5) HP relay actuator for RF switching 
178 6) Superior Electric Stepping motor control 
180 7) Either of HP8660A or HP8672A signal source. 
182 
184 •.............• Current Configuration ..•.........•.....•... 
186 
188 Perform preliminary emissions experiments in the chamber. 
190 
192 Standat-d items: 1) Incident Power to transmit antenna 
194 2) Ref 1ected power from transmi t anter,na 
196 3) Received power from reference antenna 
198 
200 Measure output of: 4) Any number of NBS probes via system. 
2()2 [not used for emission tests] 
204 
206 ............... Special Notes ............................. . 
208 
210 
212 
214 
216 
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218 
" 

22C) 
222 I ****************** MAIN PROGRAM *~.***********~****~**~***** 
224 
226 OF'T I UN S?=1'3E 1 
228 DEG 
230 OUTF'Ul 2 USHK::i "f::,:til': "-=:;r-:F:Al CH f<EY\" 
232 CALL Wi P e __,= I e,:;;rl 

I234 GOSUG Dim_variables Dimension all variables, set selected valUES. 

236 GOSU8 Load_cal data I Load all calibration data for pads & c~bles. 


238 New_meC<.sLwement: ! 

240 PRINTER IS CRT 

242 DISP CHRS(129) 

244 GOSUS Initial values Preset all parameters and access menu. 

246 GOSUS 8i q __g,?n __sut,s Load selected Signal Generator subs 

248 and selected coupler calibraton data. 

25() GOSUS Fillcalibration Fill lookup table for calibration v&luss.
I 

252 GOSUS Do_measurements (-- read it again 
254 GOSUE! Di e ___gracef ull y Delete signal generator subs frcm memol~y 
256 PR I NTEF, 1 S CRT 
258 DISP " "; TIME:.t (TIMEDATE);" "; DATES (TIMEDATE);" .... PF,OGR?=iM FIN I SHED, " ; 
260 DISP" 'CONTINUE:' to repeat." 
262 PAUSE 
264 GOTO New_measurement 
266 STOP 
268 
270 ******************** END cf MAIN PROGRAM ******************* 
272 
274 111////11//////1/*** DIMENSION VARIABLES ***//////////////// 
276 
278 Dim_vat-iablE's: ! 
280 
282 COM IParametersl REAL Fstart,Fstop,Fstep 
284 COM IParametersl F:EAL Mi n_eut, Ma.:-: _eut, Mi n_pwt-, 1'121:< _p\.-Jr, Ti iTH?_,eut 
286 COM IParametersl H~TEGEF, Lew _dbm, Hi gh_dbm, Step_dbm 
288 COM IParameters/ INTEGER Sec:~rch __eut, Search_jJ.ojr, Re_t-un 
290 COM IParameters/ INTEGER BE·gi n __step, Total_steps, Total_JHE'ters 
292 Cot1 /Parameters/ Run __ id:t·[ 10J ,Measmt_idS[ 160], Time_date$[30] 
294 COM IF'arametersl Meter _def nsS (40) [40J , Operater _nameS [28] ~ Test_.t ype$'·C20] 
296 COM IParameters/ Coupler_idS[10],Generator_idS[10] 
298 
300 COM IProbe_system/ INTEGER Sys_si =e, Total_chans, F'robe_,addt- (30,3) 
302 COM IProbe_systeml INTEGEF: Top_probe, Fcal_pts, Pr_C<.'lgs 
304 COM IF'robe__systeml INTEGER Probe_volts (30) ,Ovet-range(30) 
306 COM IProbe_systeml INTEGER Pt-obe__zE'I~o (:::;'(1) , REAL Probe_v_m (30) 
308 COM IProbe ___system/ F:Et':;L Amplituc.1e ......c.;d (11,3,=;) , Ft-eq __cCi.l (11,:':::,13,2) 
310 COM /Probe_.system/ RE{';L Readtim(;?(30) ,Freq __crib<1:::,2) 
312 
314 COl..., I I nterrLtpt sl I NTEGEF, I ntt- _prt y 
316 COM IMotor_~enul Motion ... tvpeS[10J,Rev_rate, INTEGER Tuner_steps 
318 COM /Bugsl INTEGER Bug1,B~g~,Bug3,Printer 
320 COM IFiles! SourcediskS[20J,Outdisk$[20J,FilenameS[80] 

324 ~ .....•••.... Cable and etc. calibration files .........•. 

326 
328 DIM Baddc<ta._idS(15) [40] 
330 INTEGER Calib items 
332 
:::;,:34 DIM Coup_inc(205,2) ,Coup_refl (205,2) 
33,~ INTEGER Inc_pts,Refl.,pts I 

I 

II( 
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3:38 REAL Ccupinc.SoupreflII 
340 
:'::.42 D I t'i C2b 1 eb 1 { 18;),2' , C.ab lr:::6_:'::" ( 180,2) , Cab 1 e4 _2 ( 180,:?) , Cab 1 e4 _ 4 r 1::3() , 2) 

II 344 nilErJEF;: C:6_1 pt~ • Cb,_6pt ,C'4,.:,::P t s. e4_ 4pt s 
346 F:E?iL Lb.)l G~ , [;6_61 oss, C4 ._21 OSS, C4..,41 oss 
348 
350 DIl"l l;",b 1 e l 0, ::; (180,2) ,Cc.'1b 1 e 1 0 _,5 ( 180,2> ,Cab 1 e5 ..,7 ( 180,2) 

I 352 INl EGEI:;; Cl ')_.:::;;pi,:5 ,Cl0.,,5pts, C5_7pts 
3~54 f.:E;:'iL C 1('_::;1055, C 1 0_.51 oss. C5_.71 oss 

! 
 35·!, 

358 DIM Cable_r4(80,2),Cable_r12(80,2) 
360 INTEGER Cr4pts,Cr12pts

II 362 REAL Cr41oss,Cr121oss 
364 
:;,66 DIM F'ad..as6;;<, (180,2) ,F'ad"s6770 ( 180,2) ,Pad"f :::'5::;0 (180,I 368 INTEGER F.:..;,d,',.i .. pts, Pa,ds., pts, Padf yts 

II 370 REAL F'ada,.l oss. F'ads _1 oss, Padf _1 oss 
372 
374 DIM H_.,ic t (77.2) !Anzac Hybrid Junction 
376 INTEGER Jct_..pts 
378 REAL Jct. loss 
380 
382 ! ••••..•.•.•. Other useful variables .•......•.•.•.......• 

384 

II 

386 DIM Cal_id$[40J,Pwr_jd$[2J,Test$[160J 
388 INTEGER 8addata, Dbm, Rf ...on ....of f ,Fi 1esi ze, I ,J, K, F' 
390 INTEGER Valid.Ftotal,File20steps,8eginstep,Endstep 
392 INTEGER F'r i ntf 1 ag, Fcount , Too_hot, F'r i nt f 1 ,,-~g2, Steps 
3S'4 I NTEGEf::: Localyrty, F't"obe 
396 
398 INTEGER Fp436al,Fp436a2,Fp438a1,Fp438a2,FsaB566b 
400 INTEGER Fv3456a1,Fv3456a2,Fv3478a1,Fr59306a 
402 REAL Z3456al.Z3456a2,Z3478al 
404 REAL V3456a1,V3456a2,V3478a1 
406 
408 I •••••• we need these initial values ...•••..••••••.••• 
410 
412 Printer::::701 
414 SOUt-cedisk:t=": INTERNAL,4,O" 
416 Dutdi sl::$=": ItHERNAL, 4,1" or I:HF'9133,700,O" 
418 Intr' _"prt "/=6 
420 Local yrty'=:-lntr,_prty 
422 Bugs: I 

4:24 Pt- i n t f 1 aq == 1. Print all setup parameters and calibration values. 
4::;:6 Print~laq2=1 Print raw data if both F'rintflaq and Printflag2 
4::;~8 Buql=O 
430 Bug2=O 
4:::',2 Bug3=0

/'1 
I 4'::!A 

4:56 RETUF;:N 
438 
440 I I/II//I///!/I/(/****INITIALIZE VARIABLES & 1/0****//////1// / 1/1 
442 
444 Initial .faIlles: I 

446 
448 ASSIGN @Motor TO 706 Stepping motor 
450 ASSIGN @Pwrl TO 709 Power meters HP436aI, 
452 ASSIGN @Pwr2 TO 710 

I 454 ASS I GN @Dllalywr 1 TO 711 Power meters HP438a 
456 ASSIGN @Dllal."pwr2 TO 712 
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______ ________ _ 

4~-,8 

460 
462 
464 
46~ 

468 
470 
4 , ...., ...;. 

474 
476 
478 
480 
482 

I 	 484 

I 	
486 
488 
490 

~' 	 492 
f 	 494 
~ 

i 	 496 
498

i 500i 

i 	 5(>2 
II 	 504 

:506 
508 
510 
512 
514 
516 
518 
520 
522 
524 
526 
528 
530 
5.32 
534 
536 
538 
540 
542 
544 
546 
548 
55f) 
&::'1::-"'-,
....J • .I"'

554 
556 
558 
560 
562 
564 
566 
568 
570 
572 
574 
~.,76 

ASSIGN @SiC_Qen 10 719 
ASSIGN @Dvml TO 722 

(%SS I GrJ @L'.·(!t2 TO 723 

ASS I [3l'I !~D<tn3 TO 724 

ASSIGN @Gpio TO 12 

ASSIGN @Rlyl TO 717 

ASSIGN @Spcc_aIzr TO 


Calib items'"'15 

F'I~ ._avgs::':' 

Mot i on._t yp et·::::" STEP" 

Rev_T~,te:.::::1. I) 

F\:f._on_off=l 

718 

CALL 
GOSUS 
CALL 
DISF' 
GOSUB 
GOSUS 

Measure menu 
Configure_instr 

Mul ti probe._menu 
CHR:t (129) 
Data_definition 
Di e __9rac:efull Y 

Dbm=Low._dbm 
Tuner _stE'!ps=Total_steps 

!----------------ALLOCATE THE 

Siqnal generator HP8660a or HrS672a 
HF'3456A Dvm. 
HF'3456{~ Dvm. 
HP:3478A Dvm. 
NBS Multiprobe system 
HP relay actuator 
HP 8566 Spectrum Analvzer 

1 15 files for cables, coupler, and pad L~ls. 
Read Multiprobe 3 times and average. 
01"" II CONT I NUOUS II f or MODE 5T I f.:Fi:I NG. 

t used only if MODE STIRRING operation. 

Go and set up measurement parameters. 
Turn onloff instruments as per menu 
Set up the 30 probe system. 

Use above info to define data. 

To assure clean start. 

Initialize the Generator Level 

Initialize the motor control 


RAW DATA MATRIX----------------- 
Ftotal=INT«Fstop-Fstart)/Fstep>+l 
IF Test __type:t="0THER (NO STEPS)" THEN 

File20steps=Ftotal 
ELSE 

File20steps=20*Ftotal 
END IF 
ALLOCATE Ra.wda.ta CTotal_meters+Total_ct-lans+1 ,Fi le20st!?ps) 
1 ---------------------------------------------- 

DISP "lNSEFn OUTPUT DATA DISK IN "; 

SELECT Outdisk:t 

CASE ": I NTEf;:NAL, 4,0" 


DlSF' "RIGHT DRIVE, "; 

CASE ":lNTERNAL,4,1" 


DISP "LEFT Df;:lVE, "; 
END SELECT 
DlSF' "a.nd hit 'Continue-kS· ... 
BEEP 
ON KEY 5 LABEL "Cont i nLle" ,Local J,rt y 

Zippity:GOTO 	Zippity 
Datas~'vet-: OFF I:::EY 

GOSUB Save_configure 
IF Printer<)CRT THEN 

PRINTER IS FYinter 
PFltH RF'T:t("_",80) 
F'F( I ~IT 
pnHHEf;' IS CFn 

END IF 

GOSU8 Print_vitals 

DlSF' CHRf. (12) 

F.:ETURN 


GOTO Datas2.ver 

! /111/111/1/111/111/111/111111/111111/1/1111/1111/111/1I111I1 

Confiqure_instr: ! 
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578 Instrument read flags, if set the meter will be read ... 
580 Steprd nq motot- contro 11 ed by Test__t'lpe'.f. 
582 Signal generator HP8660a or HP8672a controlled by Test_type~ 
584 NBS Ml..'ltiprobe s'/stem controlled by Total_chan:: 
586 SELECT lest_typeS 
588 CASE "MUDE TUNE REGUL?"\R" 
57'0 Fp4 -::;:6c<.1 =0 F'O\<o,'E'r me' 1::. et- HF'4:::::6a at add .... OS' 
592 Fp436a2:::0 Power metet- HF'43,~),3. at addr 10 
594 F p4.-:,b:\ 1 == 1 F'owet- metet- HF' -1-::;,8='1 at addt- 11 
596 Fp4:38.:;.2==r) Power meter- HP438a. a.t a.ddr- 12 
598 F'y·:Y~~,63.1 =0 HF'34S6A 0'.... '11', .;0 t .::;,.dd'- 22 
600 Fv3456.:;.2=O HF'3456A Dvm at addt- 23 
602 Fv3478al=O HF'3478A Dvm c,t add,- 24 
604 Fr59.':'06c<.=O HP relay actuator a.t addr 17 
606 F sa8:',66b= 1 HP 8566 Spectrum Analyzer at addr 18 
608 CASE "MCiOE TUNE EMISSIONS" 
610 Fp4:',6='11=O Power mE'ter HP436a c'!t clddr 09 
612 Fp4:3:6a2=O PO\'IIer- meter HP436a a,t a,ddr 10 
614 Fp4:,8a 1=0 Power metel'- HF'438a at addr 11 
616 Fp4:3~3.;o.2=O Powet·- m':2ter- HP4::'8a, at addt- 12 
618 Fv2:,-'l56a 1=0 HP3456A Dvm c<,t addr ..:....::. 

""':"620 Fv::::A56a2=O HP:3456,~ Dv'm at addr ..::,. ..,;. 

6 ':'4- Fv~A78a, 1 =0 HP3478~\ Dvm at clddr 24~·'"' 

624 Fr-59.306a=0 HP relay actuator at a,ddr 17 
626 Fsa8566b=1 HP 8566 Spectrum Analyzer at addr' 18 
628 CASE "OTHEF: (NO STEPS)" 
630 Fp436al=O Power meter HP4~~~6a at a.ddt- 0'1' 
632 Fp436a2=O Power meter HPL;.36a at addr 10 
62.:'4 Fp438al==1 Power meter HF'438c< at addt- 11 
636 Fp438a2=O Power- meter HP438a at addr 12 
638 Fv3456al=1 HP34~5bA Dvm at addr 22 
640 Fv3456a2=0 HP34::,6A Dvm at addr 23 
642 Fv3478al=O HF'3478A Dvm at addt- 24 
644 Fr59306a=O HP relay actuator at addr 17 
646 Fsa8566b=0 HP 8566 Spectrum Analyzer a.t addl~ 18 
648 END SELECT 
650 
652 RETURN 
654 
656 ! ////////////////////****DATA DEFINITION****!////!!/!///////I 
658 
660 Data_definition: Set up the definitions of each meter reading, 
662 these are used later when processing 
664 SO be sure these are correct. 
666 The index corresponds to the Rawdata matrix rc~+l 

668 Frequency is always in row 1 
670 Meter 1 is in row 2. etc. 
672 
674 SELEC'r Test_type:$ 
676 CASE "MODE nn-lE REGULAF," 
678 Tota 1._meter-s=3 
680 Metel- defns:t(l)="Incident F'owc'r (Wc<ttS)" 
682 ~1et,?r- ..defn5:t(2)="Reflected Power (Wc<tts)" 
684 Metel~ _def~s:$ (3)="F,ecieved F'c.>wer (W2.ttS)" 
686 G\SE "MODE TUNE EMISSIONS" 
688 Total __meters=l 
690 Meb-?t- __ defns:t(1)="Recieved Power (l.<J,3ttS)" 
692 CA~;E" OTHER (NO STEPS)" 
694 Total_meters=3 
696 Metet-_defns.f.(l)="Incident F'oio'Jer (Wc1ttS)" 

...... 
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698 
700 
702. 
704 
706 
70B 
71':' 
712 
714 
716 
718 
7:::'0 
722 
724 
726 
728 
730 
732 
734 
736 
738 
740 
742 
744 
746 
748 
750 
752 
754, 
7~.;6 

758 
760 
762 
764 
766 
768 
770 
772 
774 
776 
778 
780 
782 
784 
786 
788 
790 
792 
794 
796 
798 
800 
802 
804 
806 
808 
810 
812 
814 
816 

M(?ter deFns:t \' "Fe lect~?d PO~'iet- O~J2ttS) II 


M,~:tel-, dr.,fns,:f.( "hobE! Output (·.... olts)" 

El'lO 3E:_E(;'[ 


Fnr: F'~..:1 TD Total,_ch<..,r':; 
Te::;tl;:::;"PI'TI~ "*" :1i..$·(F:'robead.:k(F',l»8,", 5cm Probe *'" 

T e':; t;·= Te::: t ';:i,.'){:L. ,t (F r' cbe ,9.dd r' (P , 2! ) ~.:" _.11 


::3EI...E.LT Fr-obe,.. addl ([:',3) 


C;:iS[~ 1 

I ef.t.t=Test l~," X" 


CA:3E L 

Tes t :t'::Te:s t :t~," Y" 


CASE 3 

Test:t=Test:t~(" Z" 


CASE 4 

l est$=Test~'Ht" 5i ng Ie" 


CASE ELSE 

Test$=Test$~("Error ! " 

IEND SELECT 
IF LEN(Test$) 40 THEN 


BEEP 

DISF' "ERROR in probe definitions" 

F'AUSE 

Test$=Test$[1,40] 


ELSE 

Mete::>r _defns:t (P+Total_meters) =Test:t 


END IF 

NEXT F' 

RETUF.:N 


!/////I/////I//II/II/III/I/I••**DIE GRACEFULLY***~////////////!//I 

Di e_gracef l..lll y: 
IF Bugl THE~I 


PRINT TIME:t(TIMEDATE); 

PRINT RF'T:t(" ",15);" DIE GRACEFULLY ";RF'T$(">",15) 


END IF 

ON ERROR GOTO Delet_done1 

SELECT Generator_id$ 

CASE "HP_.8660A" 


DELSUB Set._freq, Set_dbm, FNDi gi t 10$, FNDi gi t3$, FNF:ev$ 

CASE "HF'_8672A" 


DEL SUB Set_ft-eq, 5et_dbm 

END SELECT 


Del e-,t_.donel: 
OFF=- ERF~OP 

ON ERROR GOTO Delet_do~e2 
DEALLOCATE Rawdata(*> ,Adjust(.> 

De 1 et _.done2: 
OFF ERF<QF;: 
RETURN 

II/III/ii/i//ii//III//i/i//!i///ii//i/ii//////ii//ii/l11//11 

Sig._qen._sl..tbs: ~ 
F'RIN1'ER IS CRT 
PRINT TABXY (1,18) ; RF'T$ (".",15) ; 
PRINT" LOAD SUB PROGRAMS ~~ COl..!pler Calibrations u;RF'T$("*",15) 
Filename$=Generator_id$&Sourcedisk$ 
Dl SF' " Put • CAL 1 Bf':AT ION DATA ~~ SUB Program' di sk in "; 
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III !!II 

I \ 

! ' 

I 

t 
I 

II 

I I 

,J! 

I 

818 E;E.LECT E~oul-cedi s!::~t 

820 CASE ":.L NTEF:N?L • 4 • 0" 
82:";' DISP "RIGHT DRI'v'E, "; 
824 CASE ": I f\ITEF:N(~L. 4 • 1 .. 
826 DISF' "L.EFT DF(1VE\ "; 
8:~8 END SELECT 
8:30 01 SF' "r-,i t 'Cc-nt i nLlC-f:=i' • " 
832 BEEP 
834 ON ~<EY 5 LplBEL "Continue",Local..J3t-ty GOTO Subloads 
836 LOOP 
8~!,8 END LUDP 
840 Subloads:OFF KEY 
842 DISP CHRS(12) 
844 DISF' .. Signal Generator- SUB PROGRAMS NOW LOADING 1\ 

846 ON ERROR CALL Error-trap 
848 LOADSUB ALL FRUM FilenameS 
850 OFF ERPOF'~ 

852 DISF' " Sigr,al Generator SUB PROGRAMS LOADED .. 
854 WAIT 1 
856 1 _______ •___________________________________________________ _ 

858 
860 
862 IF Printflag THEN PRINTER IS Printer 
864 IF Pr-intflag THEN PRINT "CALIBRATION DATA FOR THE FOLLOWING IS 
866 SELECT Coupler_idS 
868 CASE "HP_T78D" ! 30 to 2000 MHz. 
870 Fi 1ename$="HP_778D_f "~t.Sourcedi sk$ 
872 CAL_L Enter_calda·ta(FilenameS,Coup_inc(*> ,Cal_idS, Inc..J3ts> 
874 Baddata_idS<l>=Cal_idS 
876 IF Pr-intflag THEN PRINT Cal_idS 
878 Fi 1ename$="HP_778D_r "~t,SoLlrcedi skS 
880 CALL Enter- _caldata(FilenameS,Coup._refl <*> ,Cal_idS,Refl"pts) 
882 Baddata_idS(2)=Cal_id$ 
884 IF Printflag THEN PRINT Cal_idS 
886 CASE "HF' .... 11692D" 2 to 18 GHz 
888 Fi I enameS=:"HP11692D_f U&Sour-cedi sk·.t 
890 CALL Enter- _caldata(FilenameS,Coup_inc(*> ,Cal_idS, IncJlts> 
892 Baddata_id$<l>=Cal_idS 
894 IF Printflag THEN PRINT Cal_idS 
896 Fi 1 ename$= "HF'11692D..I "gt,So'_lrcedi sk$ 
898 CALL Enter _caldata(FilenameS,Coup_refl (*> ,Cal_idS,Refl_..pts) 
900 Baddata_idS(2)=Cal_idS 
902 IF Printflag THEN PRINT Cal_idS 
904 CASE "CH __t::'::O .. 4" ! 1 to 30 MHz Anzac bi-directional 
906 Fi 1 enameS::.-:" CH130 _.4 __.f 1 "8t.Sourced i skS 
908 CAU_ Enter _caldata(FilenameS,Coup._inc(*> ,Cal_idS, Inc..J3ts) 
910 Baddata_id$(ll=Cal_id$ 
912 IF Printflag THEN PRINT Cal_)dS 
914 Fi 1 en2<me:t·=: "CH130_.4_r l"~.:Sourcedi skS 
916 CALL Ent€~r-.__calda.ta (Fi lenameS,Coup_re·fl (*) ,Cal_id:~,Refl_J:)ts> 
918 E:add at ~'1 i d:t (2 ) = C a I.idS 
920 IF Pr-intflag THEN PRINl Cal_idS 
922 CASE EL.SE 
924 PFO NT 1\ COUPLEF< CAL I BF~AT I ON DATA ERROR ••••• NOT DEF I NED. II 

926 BEEP 
928 PAUSE 
930 END SELECT 
932 
934 ,----------------------------------------------------------
936 
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938 pnnn H'IBXY(i,18);FF'T:t(" ",80); 

94() RETur:t'l 

942 

944 ! /lllil// I/////!I!II//!'///!/III////il//i/////i//////!/i//// 


946 

948 Load __cell_.d2:it 2<: ! 

950 PF un HmXy (1.1 m ; RF'Tt ("i': ".2) ;" LD~\D CALIBF:ATlot~ DATA "; RF'T:t ("*"',20) 

95:~ DISP Put. 'CALIBPA1IClI" OATr; ~< SUB Proqr-;3.In' disk in ";
II 

C;'~A SELECl Scurcedi Sf.$ 

956 CASE ": I rn EF:t',IAL , 4 • 0 II 


958 D I SF' II RIGHT DR I '/E , "; 

960 CASE ": It'HERNAL, 4.1" 

962 DISF' "LEFT DRIVE, "; 

964 END SELECT 

966 DISF' lit-lit 'Continue-k5'." 

968 BEEP 

970 ON ~<EY 5 LABEL "ContinLle",Local_prty GOTO C",dloads 

972 LOOP 

974 END LOOF' 

976 Calloads:OFF KEY 

978 DISP Calibration DATA for Cables, Couplers, Pads, etc. now LOADING"
II 

980 ! •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

982 !Install new calibration files here! 

984 ! •••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••• 

986 IF Printflag THEN PRINTER IS Printer 

988 IF Pr-intflag THEN PRINT "CALIBRATION DATA FOR THE FOLLOV-lING IS LOADED:" 

990 1 __________________________________________________________ _ 


992 
994 

996 Fi 1ename$="Cabl e6FT_l"~,Sout-cedi sk$ 

998 CALL Enter-_caldata(Filename$,Cableh__ l (*> ,C-:.\1_id$,C6_1pts) 

1000 Baddata_id$(3)=Cal_id$ 

1002 IF Printflag THEN PRINT Cal_id$ 

1004 

1006 Fi I ename$="Cab 1 e6FT_6" ~~SoLlrced i sk$ 

f008 CALL Enter_cal data (Fi 1 ename$, Cabl e6._6 (in , Cal_i d$, C6_6pts) 

1010 Baddata_id$(4)=Cal_id$ 

1012 IF Printflag THEN PRINT Cal_idS 

1014 

1016 Fi 1 ename:f::="Cabl e4FT_2"~~SoLlrcedi ~,k$ 


1018 CALL Enter" _cal data. (Fi 1 ename$, Cabl e4 _2 (*) , Cal_i d't., C4_2pts) 

1020 Baddatc:\_.i d$ (::,) =Cal_i d$ 

1022 IF Printflag THEN PRINT Cal_id$ 

1024 I 


1026 Fi I enam~$= "Cab 1e4FT__4 "~~SQurced i sk$ 

1028 CALL Enter_caldata(Filename$,Cable4_4(*> ,Cal_id$,C4_4pts) 

1030 Baddata_id$(61=Cal_id$ 

1032 IF Printflag THE"I PRINT Cal_id:$' 

1034 

1036 Fi lenarne$="Cat.lel0F_3"~t.SoUt-cedisk$ 


1038 CALL Enter _cCllda.ta(FilenamE·:t,Cablel0__3(*> ,Ca,l __id$,CI0_3pts) 

1040 Baddata_id$(7)=Cal_id$ 

1042 IF Prlntflag THEN PRINT Cal ldS 

1044 
1046 Fi 1 ename$="Cabl e1 OF_5"~~SoLlrcedi sh$ 

1048 CALL Enter __cal data (Fi I ena.me$, Cab 1 e 10__5 (*) , Cal __ i d$, C 10_.5pts) 

1050 Baddata_id$(8)=Cal_id$ 

1052 IF Printflag THEN PRINT Cal_)dS 

1054 

1056 Fi I ename$= "Cabl e='FT .. 7 "~t.So'-lrced i sk$ 
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105B Cf:;LL Entei- _ca.l d ,~;ta (I: i 1en <:o.me$ ,C<,:>b 1 e5._] (*) ,Cal _1 d$, C5_7p t 5)

iii, 
 1060 Badd~ta_ id$l91=Cal_id$ 


1062 IF F'rintf1aq THEtl F'fUNT Cal idS 

j!I'1 1064 


1066 Fi 1enam€?~l="f-'P!D_.S6770"t·,Sourcedi ",-,Id'·
Ii 

1068 CALL Enter- _c'31 da,t~, (Fi 1 en.;3.me·t, Pad_56 770 (*) ,Ca1_i d$, Pads-pts)


'I 
107(1 Baddata_id$(lOI=Cal_id$ 

1072 IF F'rintflaq THEN PRINT Cal_idS 


I 
I 	 1074 


1076 Fi 1ename$="F'AD_.5530"~{Sourcedi s!,:$ 

1078 CALL Enter _cal data (Fi I ena.me$, Pad_f 5530 (if-) ,C'2'\l __ i d:t, Padf _]:its) 

1080 Baddata id$(11)=Cal_idS 

1082 IF Printflag THEN PRINT Cal_id$ 

1084 
1086 Fi 1 ename$= "F'dAS6A1466 "~,SOLlrcedi :;:,k~t-
1088 CALL Entet- __.1.:<:'11 (jata (Fi 1 enarne$, F'ad._c:l.sSa. (if-) , Cal_.,1 d$, Pa.da __pts) 
1090 Baddata_idS(12)=Cal_id$ 
1092 IF Printf1ag THEN PRINT Cal_idS 
1094 
1096 Fi I ename$="ANU1C_JCT"~Sourcedi sk~t 
1098 CALL Enter _caldata(Filen<:,me:t,H_jct (if-) ,Cal_)d$,Jct,....pts) 
1100 Baddata_..i d$ (1 :5) =Cal_l dS 

I 	 1102 IF Printflag THEN PRINT Cal_idS 
110411:.1 

II ~ 	 1106 Fi I ename$="Rcabl e4ft "~{Sourced i skS 

1108 CALL Enter _caldata(Filename$,Cable_I4(if-> ,Cal __id$,Cr4pts) 

1110 Baddata_id$(14)=Cal_id$ 

1112 IF Printflag THEN PRINT Cal_id$ 

1114 

1116 Fi I en':Hne$= "Rcab Ie 12·f t "~-:SoUt-ced i sk~: 


1118 CALL Enter- _cal data (Fi 1ena.me$, Cab 1 e __r 12 (*) ,Cal_i d$, Ct-12pts) 

1120 Baddata_idS(15)=Cal_idS 

1122 IF Printf1ag THEN PRINT Cal~d$ 


1124 

1126 IF Printflag THEN 

1128 PRINT RPT$(" ",80) 

1130 PRINT USH1G "4/" 

1132 END IF 

1134 DISP " Calibration DATA LOADED .. 

11:36 WAIT 1 
1138 PRINTER IS CRT 
1140 CALL Wipe __clean 
1142 RETURN 
1144 
1146 ///IIIIII!I/III/i/I/III!III////III/////i/i/I/i/i/i/i///1//// 
1148 
1150 Fil1calibration: I Determine the cable, couP' r and pad calibration 
1152 I v,::d ues ·f or each f requer, 
1154 Save these in the adjust!*) file for use by the 
1156 measurement routine. 
1158 
1160 IF flU'll THEN 

1'1 	 11.6:' PRINT TIME$(TIMED~lE); 


1164 PF\INT RPT$("<",15);" FILL CALIBF:ATION MATFUX ";RPf$(1I ",15) 

1166 END IF 

1168 DlSP "NOt.J Filling Calibration mat.ri>:."


I 1170 ALLOCATE Adjust(Ftotal,Callb_~tems) 


1172 Fcount=l 

1174 FOR Frequency=f-st3rt TO Fstop STEP Fstep 

1176 CALL Get __c2'l1_val ue (Frequenc 'I, Coupi nc, Coup_i nc (*) ,Baddata, Il1c,....pts) 
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1178 IF 8addata THEN 
118() Cal id$=Sadd~t2 id$(I) 
118'::~ BOSUs Flaqbaddata 
1184 END IF 
1186 AdJust(Fcount,l'=Couplnc 
1188 
1190 CALL Get_cell _value(FreqLlercy,CoLiprefl ,Coup_t-efl (*) ,Baddata,Rf:.':fl _opts) 
1192 IF Bi:.,ddata THEN 
1194 Cal_idt=Baddata_id$(2) 
1196 GOSUS Flagbaddata 
110:,'8 END IF 
1200 AdJust (Fcount.2)=Couprefl 
1202 
1204 CALL Get_.ca) ._.v:<.1 ue (Frequer,cy, C6_11 055, Cabl e6 __ 1 (-!Ii) ,Baddata, C6 _lpt 5) 

1206 IF Baddata THEN 
1208 Cal_id$=Baddata_id$(3) 
1210 GOSUS Flagbaddata 
1212 END IF 
1214 AdJust(Fcount,3)=C6_11oss 
1216 
1218 CALL Get._cal ..ya.l ue (Frequency, C6_61 oss, Cabl e6.._6 (*) , Badda.ta, C6_6pts) 
1220 IF Saddata THEN 
1222 Cal_id$=Eaddata_id$(4) 
1224 GOSUE Flagbaddata 
1226 END IF 
1228 Adjust(Fcount,4)=C6_61oss 
1230 
1232 CALL Get_cal_val ue (Ft-equency, C4_2l oss ,Cabl e4_2 (*) ,Baddata. C4_2pts) 
1234 IF EI':'.ddata THEN 
1236 Cal_id$=Baddata_id$(5) 
1238 GOSUB Flagbaddata 
1240 END IF 
1242 Adjust (Fco'_mt,5):::C4_2los5 
1244 
1246 CALL Get_.cal_val Ll.e (Frequency, C4 _41 ass, Cabl e4 _4 (*, ,Baddata, C4_4pts) 
-1248 IF Ba.ddata THEN 
1250 Cal.id$=Baddata_id$(6) 
1252 GOSUB Flagbaddata 
1254 END IF 
1256 Adjust(Fcount,6)=C4_41o=s 
1258 
1260 CALL Get __cal_val ue (Ft-equency, Cl0_3l ass, Cabl el0._3 (*) ,Daddata, Cl O.__3pts) 
1262 IF Ba.ddata THEN 
1264 Cal_)d$=Baddata_id$(7) 
1266 GOSUS Flagbaddata 
1268 END IF 
1270 AdJust(Fcount,7) 
1272 
1274 CAL.L Get_cal_val ue (Frequency, C10_.51055, Cab lei 0_5 (*) ,Bad,j~:,L"I, Cl O_!':'pt s) 
1276 IF Badd2'to. THEN 
1278 Cal id$=Baddz,ti.'l.Jd$(8) 
1280 GOSU8 Flagbaddata 
1282 END IF 
1284 AdJust(Fcaunt,B)=Cl0_5105S 
1286 
1288 CALL Get_cal ..yal LIe (Frequency, C5_Jl oss, Cab 1 e:';_J (*) ,Baddata, C5_7pts) 
1290 IF Baddata THEN 
1292 Cal_id$=Baddata idt(9) 
1294 GOSUS Flagbaddata 
1296 END IF 
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...... 


1298 Ad just O=count, 9 \ =C5..?1 :ISS 

1~.(lO 

1302 CAl_L Cct_c al._va 1ue (Fn?quency, Pads_l ("'5;;:: ,r'Cld __56770 (iE') ,[:",d.Jdtc', F'ad~~ ..J::.i. "') 
1304 IF 8acjljdta THEN 
1306 Lcd ..id~t·=8",.ddata.).d$ (10) 
1308 GOSUB Flagbaddata 
13].0 END IF 
1312 AdjustcFcount,10):Pads_loss 
1314 
1316 CALL GEt_cal_value(Frequency,Padf_loss,PBd_f5~30(*) ,Badddta,Padf_pts) 
1318 IF 8addata THEN 
1320 Cal_id$=Baddata id$(11) 
1322 GOSUB Flagbaddata 
1:::'24 END IF 
1326 Adjust(Fcount.l1l=Padf_)oss 
1328 
1330 C?iL.L Get_.cal_yal ue (Fr-eq'_lenc y, Pad'::'I ... l OSS, F-'ed_as6a (-l! ) ,Badda.ta, F'ada ....pt s) 

1332 IF Ba.c1data THEN 
13~A Cal_id$=Baddata_idS(12) 
1336 GOSUE Flagbaddata 
1338 END IF 
1340 Adjust (Fcount, 12) =Pada_l 055 

1342 
1344 CALL Get_cal_value(Frequency,Jct_loss,H_jct(*> ,8addate,Jct_pt;;::) 
1346 IF Baddata THEN 
1:;;,48 Cel_idS=Beddat2_idS(13) 
1350 GOSUS Flagb~ddata 
1352 END IF 
1354 Adjust (Fcount, 13)=Jct_)oss 
1356 
13:'i8 CALL Get_cal value(Frequenci,Cr41oss.Cable_r4(*),Baddat~,Cr4ptsl 

1360 IF Baddata THEN 
1362 Cal_jd$=Baddata_)dS(14) 
1364 GOSUB Flagbaddata 
1366 END IF 
1368 Adjust (Fcount, 14)=Cr41oss 
1370 
1372 CALL Get_cal_val LIe (Ft-equency, Cr 121 oss, Cab 1e_r 12 (*) , Baddata, Cr 12'pt s) 

1374 IF Baddata THEN 
1376 Cal_idS=Baddata_id$(15) 
1:378 GOSUB Flagbaddata 
1:580 END IF 
1382 AdJustCFcount,15)=Cr121oss 
1:;84 
1386 Fcount=Fcount+1 
13B8 NEXT Fr-equency 
1390 DISP "NCHtJ labulating calibration valw2s." 
1392 GOSUS Printcalvalues 
L::94 DISP CHR~(12) 
1396 RETURN 
1::'9B 
1400 //I//i////III***iEFL.AG DAD DATA****///////!////////////////II 
1402 
1404 Flagbaddata: !Inform the operator that there is wrong data 
1406 ! bei ng brought back fr-om Enter._.cal __data 
1408 
1410 PRINTER IS Printer 
1412 PRINT RPTS ("*" ,5);" NO CAL DATA at "; FrE'qLlenc:y; 
1414 PRINT" MHz: ";Cal_.id$ 
1416 BEEP 
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'f 

1418 PRINTER IS CF:T 
1420 RETURt~ 

142:2 
1424 IIIIIIIIIIIIIIII!///IIIIIIIII/!IIIII/IIIIIIII/III/III//III/!I 

1426 

1428 Printcalvalues: !MAKE LIST OF CALIBRATION VALUES USED. 

1430 
1432 
1434 
1436 
1438 
1440 
1442 
1444 
1446 
1448 
1450 
1452 
1454 
1456 
1458 
1460 
1462 
1464 
1466 
1468 
1470 
1472 
1474 
1476 
1478 
1480 
1482 
1484 
1486 
1488 
1490 
1492 
1494 
1496 
1498 
1500 
1502 
1504 
1506 
1::508 
1510 
1512 
1514 
1:-:; 16 
1518 
1~,20 

1522 
15~~4 

1526 
1528 
1530 
1532 
1534 
1536 

PRIN1Ek IS Printer 
PRINT 
PRINT RPT$("*",24);" CALIBf;:ATIDr-l 1 LOSS WiLUES (dI;:) ";RPT$("*",::4) 
F'R INT 

! •••••••••••• first half of the values .•••••••..•..••. 

PF, I NT II Ft-equency Coupl er --------------  BLUE CABLES -------". 
F'R I NT "-------.------- II 

PRINT II MHz Fward Refl 6ft#1 6·ft#6 4ft#2 4ft#4 10ft#:;, "; 
PRINT "10ft#5 5ft#7" 

Lossfmtl:IMAGE M5D.D,X,2(MDD.DD,X) ,X,2(MDD.DD,X) ~# 
Lossfmt2:IMAGE 5(MDD.DD,X) 

FcoLlnt=1 
FOR Frequency=Fstart TO Fstop STEP Fstep 

Coupinc=10*LGTCAdjust(Fcount,I» 
Couprefl=10*LGT(Adjust(Fcount,2» 
C6_1loss=10*LGT(AdjustCFcount,3» 
C6_6loss=10*LGTCAdjustCFcoLlnt,4» 
C4_21oss=10*LGT(Adjust(Fcount,5» 
C4_4loss=lO*LGT(AdjLlst(Fcount,6» 
C10_3Ioss=10*LGT(AdjL1st(FcoLlnt,7» 
Cl0 __5Ioss=10*LGT (Adjust (Fcount ,8» 
C5._7loss=10I!-LGT(Adjust(FcoLlnt,9» 

!Coupler incident 
!Coupler reflected 
!6 foot BLUE cable #1 
!6 foot BLUE cable #6 
!4 foot BI_UE cable #2 
!4 foot BLUE cable #4 
!lO foot BLUE cable #3 
! 10 foot BLUE cable #5 
!4 foot BLUE cable #4 

PRINT USING Lossfmt 1; FreqLlency, Coupi nc, COLlpref 1, C6_1l oss, C6_.6l oss 
PRINT US ING Lossfmt2; C4 _21 ass, C4._ 41 ass, Cl0_3l oss, Cl0_5l ass, C5_.7l oss 
Fcount=Fcount+l 

NEXT Frequency 
F'RINT RF'T$ ("_" ,80) 
PRINT 

! ••••••••••••• last half of the values •.•..••••.•.••.• 

PRINT "Frequency S6770 F5530 ASA6A HJct 
PRINT" MHz pad p8.d pad loss 

Lossfmt3:IMAGE M5D.D,X,2(MDD.DD,X),X,MDD.DD,X,# 
Lossfmt4:IMAGE 3CMDD.DD,X) 

Fcount=l 
FOR Frequency=Fstart TO Fstop STEP Fstep 

Pads_loss=10*LGTCAdjustCFcount,10) 
Padf_)oss=10*LGT(Adjust(Fcount,11) 
Pada_Ioss=10*LGT(AdjustCFcount,12» 
Jct_loss=10*LGTCAdJustCFcount,13» 
Cr41oss=10*LGT(AdjustCFcount,14» ! 
Cr121oss=10*LGT(AdJust(Fcount,15» ! 

Semi-Rigid" 
4ft 12ft" 

!Weinschel 86770 10dB pad 
!Weinschel F5530 lOdE pad 
!Weinschel AS6A-1466 10dB 
!Anzac Hybrid Junction 
4ft Rigid coax 
12ft Rigid coax 

PRINT USING Lossfmt3;Frequency,Pads_loss,Padf_loss,Pada_)oss 
PRINT USING Lossfmt4;Jct_loss,Cr41oss,CrI2Ioss 
Fcount=Fcount+l 

NEXT Frequency 
PRINT RPT$C"*",80) 
PRINT 
PRINTER IS CRT 
RETURN 
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15·~·~8 

1540 Ili////I/////I/IIIIIII/i////////IIII/////ii////III/III/111// 


1542 

1544 Extract_caldata: ~Get all calibration data for this 

1546 !frequency. 

1548 

1550 Calibration data for all cables, probes, ~ power heads. 

~~~1 ~~~ 

1554 Pwrmtrcall~FNPNrmtrcaI1«Frequency» ! 188Hz HEAD. 
1556 Pwrmtrca12~FNPwrmtrca12(Frequency» !26 8Hz HEAD. 
1= J:.",;"r\ 

.....1·..)0 

15t,(! Coupinc=Adjust(Fcount,1) !Coupler incident 
156:~ Couprefl=Adjust(Fcount,2) !Coupler reflected 
1564 C6_1Ioss=AdjustCFcount,3) !6 foot BLUE cable #1 
1566 C6_.61 oss""Ad just (Fcol,mt, 4) !6 foot BLUE cable #6 rcvr. 
1568 C4_2Ioss=AdjustCFcount,5) !4 foot BLUE cable #2 
1570 C4_4Ioss=AdjustCFcount,6) !4 foot BLUE cable #4 
1572 C10_3Ioss=Adjust(Fcount,7) !10 foot BLUE cable #3 
1574 ClO_5Ioss=AdJustCFcount,S) !10 foot BLUE cable #5 
1576 C5_71 oss=Ad just (FcoLlnt, 9) !5 foot BLUE cable #7 
1578 Pads_Ioss=Adjust(Fcount,lO) !Weinschel S6770 lOdB pad 
1580 Padf_)oss=AdjustCFcount,ll) !Weinschel F5530 10dB pad 
1582 Pada_Ioss=AdjustCFcount,12) !Weinschel AS6A-1466 lOdB 
1584 Jct_loss=AdjustCFcount,13) !Anzac Hybrid Junction 
1586 Cr4Ioss=AdjustCFcount,l4) !4ft Semi-rigid coax lines 
1588 Cr12Ioss=Adjust(Fcount,l5) !12ft Semi-rigid coax lines 
1590 RETURN 
1592 
1594 /////////////////////////////////////////////1//////// ////// 
1596 
1598 Flip .....Printfl.:\g: 

II If16(lO DISF' Toggle F'RINTING of measurement data. 
1602 Waittime=TIMEDATE 
1604 LOOF' 
1606 IF Printflag2 THEN 
1608 ON KEY (I LABEL "Print is ON",LocalJjrty GOSUB Toggleprint 
1610 ELSE 
1612 ON KEY (I LABEL "F'rint is OFF",LocalJjrty GOSUB Toggleprint 
1614 END IF 
1616 EXIT IF TIMEDATE-Waittime)4 
1618 END LOOP 
1620 DISP CHRS(12) 
1622 OFF KEY 
1624 RETURN 
1626 ., ., ., .. ., ... ., ................. . 

1628 Toggleprint: ! 
1630 IF Printflaq2 THEN 
1632 Printflag2=0 
1634 ELSE 
1.::::136 Printflag2=1 
1638 END iF 
1640 RETURN 
1642 
1644 !/////I///I////I;/II/I****PERFORM MEASUREMEN1S****I////////////// 
1646 
1648 Do_measurements: ! 
1650 
1652 IF BLlg 1 THEN 
1654 F'R INT TI ME:' (T I MEDATE) ; F<PT:f. ( "<" , 20) ;" DO MEASUREMENTS "; F<PT$ CII >" , 20) 
1656 END IF 
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1658 ~ ....•....•.....•... Initialize inst~ume'nts .........•...•....•.. 
1660 REMOTE @Sig_qen 
1662 IF Fp436al OR Fp436a2 THEN CALL Menu_pwr~36a ! Set up 436A pwr mtrs 
1664 IF Fv3456al THEN CALL SetdviTl_3456a(@DviTll) 
1666 IF Fv3456a2 lHEN CALL Setdvm_3456a(@Dvm2) 
1668 IF Fv~j478al THEN CALL Setdvm_~.)478a(@Dvm3) 

1670 IF Fsa8566b THEN CALL Spec __.al zr __set.up (@Spec __al zr) 
1672 IF Test_type:t<}"OTHER (ND STEPS)" THEN 
1674 CALL Initializemotor(@Motor) 
1676 CALL Zeromotor(@Motor) 
1678 END IF 
1680 IF Test_type:f:"MODE TUNE EMISSIONS" THEN 
1682 CALL Set __dbm(-140,O,@Sig __gen) !EUT is the SOLlr-:e 
1684 END IF 
1686 ! .......................................................... ., ••..••• 
1688 
1690 Column=1 
1692 Beginstep=Begin_step 
1694 Steps=Begin_step-l 
1696 REPEAT ! measurements for all steps or once for non-stepping type. 
1698 Steps=Steps+1 
1700 
1702 IF (Steps-1)/40.=INT«Steps-l)/40.) OR Steps=Begin_step THEN 
l704 IF Test_type:t="MODE TUNE EMISSIONS" THEN 
l706 GOSUB Flip-printflag includes WAIT action. 
L708 ELSE 
l710 GOSUB Read_:.1:ero_fieId for all enabled instruments. 
l712 END IF 
l714 ELSE 
l716 GOSUB Flip-printflag 
l718 END IF 
l720 
1722 ~ ••....•••....•• ZERO Readings or WAIT complete .....•..••.. 
1724 
1726 IF Total_chans<l THEN! Print single header for all frequencies 
1728 IF Printflag AND Printflag2 THEN GOSUB Print_headinfo 
1730 END IF 
1732 IF Test_type$<>"MODE TUNE EMISSIONS" THEN! Restore power 
1734 CALL Set_freq«Frequency),@Sig_gen) i.II.,.'.

Ii 
1736 
1738 

CALL Set_dbm(Dbm,1,@Sig_gen) 
END IF 1·· 

II 

1740 
1742 ! ••••••••••••••• Measure all frequencies •...••.•.•.••....••• 
1744 
1746 Fcount=1 
1748 FOR Frequency=Fstart TO Fstop STEP Fstep 
1750 DISP CHR:t (129) 
1752 DISP" TIME: ";TIME:t<TIMEDATE); 
1754 IF Test_type$="OTHER (NO STEPS)" THEN 
1756 DISP .. Now Testing: FREQUENCY =";Frequency;" MHz ... 
1758 ELSE 
1760 DISP II TUNER STEP "; Steps; .. , FREG1UENCY ="; Frequency;" MHz. " 
1762 END IF 
1764 ! Get all calibration data for this 
1766 ! frequency_ 
1768 Rawdata(I,Column)=Frequency 
1770 IF Test __type:f:< >"MODE TUNE EMISSIONS" THEN 
1772 CALL Set __freq ( (Frequency) ,@Si g_gen) 
1774 END IF 
1776 IF Search_eLlt THEN GOSUB Level __eut_oL!t 
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III 


1778 IF Search.JJwr THEN GOSUB Level._.net .. i nput 
I1780 GOSUB Read_meters Read all enabl ed instt-uments. 


17E!:'::~ See Configure_instr for ch2nges. 

1784 Calibration data is applied there 

17:36 via Apply_cal_data. 
1788 
1790 ...••...•••.••. FILL the DATA file •....•..•••••••..•.. 
1792 
1794 Fi 11 data f i Ie: ! **** Make sure trr is assi gnment matches defns. 
1796 SELECT Test_typeS 
17<7'8 CASE "MODE TUNE REGULAR" 
1800 Rawdata(2,Column)=Pl 
1802 Rawdata(3,Column)=P2 
1.804 Rawdata (4, Col Limn) =Sa.JJwr 
1806 CASE "MODE TUNE EMISSIONS" 
1808 Rawdata (1, Col Limn) =Sa.JJwr 
1810 CASE "OTHER (NO STEPS)" 
1812 Rawdata(2,Column)=Pl 
1814 Rawdata(3,Column>=P2 
1816 Rawdata(4,Column)=Vl 
1818 END SELECT 
1820 
1822 IF Total __chans>O THEN 
1824 FOR P=Total_meters+2 TO Total_chans+Total_meters+1 
1826 Rawdata (P, Col Limn) =Probe_v_m (P-Total_meters-'l) 
1828 NEXT P 
1830 END IF 
1832 ! .................................................................................... .. 
1834 IF Printflag AND Printflag2 THEN 
1836 IF Total_chans>O THEN GOSUB Print_headinfo 
1838 GOSUB Printrawdata 
1840 END IF 
1842 Col Llmn=Col um11+1 
1844 Fcount=Fcount+1 
1846 NEXT Frequency 
1848 
1850 ......................... ALL frequencies measured 
1852 
1854 IF Test_type$="OTHER (NO STEPS)" THEN 
1856 GOSUB Save_data 
1858 ELSE 
1860 PRINT TIME$<TIMEDATE};" ••• Step number";Steps; II completed .•.•. " 
1862 IF (Col umn+Ftotal-l >Fi I e20steps) OR (Steps=TLlner._steps) THEN 
1864 Endstep=Steps 
1866 GOSUB Save_dataI!\ 1868 Beginstep=Endstep+l 

1870 Col Ltmn::l
I r 
1872 MAT Rawdata= Rawdata*(O.) 

:\ 1874 END IF 

I 

I. 1876 CALL Movemotor(@Motor) 
1878 END IF 
1880 UNTIL Steps>=Tuner_steps OR Test_type;t:::::1I0THEF.: (NO STEPS)" 
1882 
1884 IF Test_type:t<>"MODE TUNE EMISSIONS" THEN 
1886 CALL Set_dbm(-140,O,@Sig_gen) 
1888 END IF 

1890 LOCAL 7 

1892 RETURN ! ALL Measurements complete. 

18'~4 

1896 ///////1/11/1/1111111111111111111/111111111111//111//1//1111 

II 
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1898 
1900 Read zero_field: 
1902 PRINT TIME$(TIMEDATE);" Step number";Steps;", zero meters. II 

19(14 
1906 ! ••••••••••••• Measure all zero field values •••••••••••••• 
1908 

1910 CALL Set __dbm (-140, O,@Si9_gen) 

1912 IF Fp436al AND Fp436a2 THEN 

1914 CALL Zeroyt<Jr _mtrs (@Sig_gen,@F'wr 1,@F'WI-2) 

1916 ELSE 

1918 IF Fp436a 1 THEN CALL Zeroywr _mtrs (@Si 9_gen,@F'I<Jr 1) 


1920 IF Fp4:S6a2 THEN CALL Zeroy",;r _mtrs (@5ig_gen,@Pwr2) 

1922 END IF 

1924 IF Fp438al THEN 

1926 Ab$=IAB" 

1928 CALL Zero_438a(@Dual __pwrl,Ab:t) 

1930 END IF 

1932 IF Fp438a2 THEN 

1934 Ab$="A" 

1936 C(-iLL Zero._438a (@DLlalywr-2,Ab$) 

1938 END IF 

1940 IF Fv3456a1 THEN CALL Readdvm(Z3456a1,@Dvm1) 

1942 IF Fv3456a2 THEN CALL Readdvm(Z3456a2,@Dvm2) 

1944 IF Fv3478a1 THEN CALL Readdvm(Z3478a1,@Dvm3) 

1946 IF Bug1 THEN 

1948 PRINTER IS Printer 

1950 PR INT II Zet-os DVM1 ="; Z3456a 1; ", DVM2="; Z3456a2;" DVM3="; Z3478a1 
1952 PfUNTER IS CRT 
1954 END IF 
1956 
1958 ! Fi 11 Probe_vol ts (:30) usi ng Probe_addr (*) and Total_chans 
1960 
1962 IF Total_chans>O THEN 
1964 MAT Probe_zero= (0) 
1966 CALL Readyrobes(@Gpio) 
1968 MAT F'robe_zero= F'robe_vol ts 
1970 IF MAX(F'robe_zero(*»>10 OR MIN(Probe_zero(*»<-10 THEN 
1972 PRINT TIME$ <TIMEDATE); .. "; 
1974 PRINT" WARNING •.• Check Multiprobe zero ******** II 

1976 END IF 
1978 END IF 
1980 RETURN 
1982 
1984 ! //111/11//1/1 APPLY CALIBRATION TO MEASUREMENT DATA 1/111111 
1986 
1988 Apply_cal_data: I For listing of valid variable nc:(mes 
1990 see E:·(tr~ct_calda.ta. Values ':;'.re in ratio form. 
1992 CalyowE?t __) _2: ~ 

1994 P 1=Powet-1 *CQUP i nC~'Pwrmtrcal 1*Padf _1 ossl (C1 0 __31 oss*Pads_l oss) 
1996 F.'2=Powet-2·IfCol.lpref 1*P\"irmtrcal 1 *C 1o_31 oss*F'ads_l oss 
19<)'8 
2000 

RE Tur·:N 
!------------------------------------------

2002 Cal_"po\"Jer- _3 _4: ! 
2004 P3=F'ol<Jer3 
2006 P4=Power4 
2008 
2010 

RETURN
1------------------------------------------

2012 Calyower_5:! I 

2014 
2016 

P5=Power5 
RETURN 

[I 
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II Ii 

! 

I 
I 

I 

II! 

'( 

2018 !------------------------------------------
2020 Ca1_.power_ _.6: 1 

2():2:2 P6=PovJet-6 
2024 RETURN 
2026 !------------------------------------------
2028 C.al_sa_powEI-: ! 
2030 S~_pWt-=Si:l._power-~ C10..51 oss*C4 _21 oss*C4_41 OS5 

2032 RETURN 
2034 1 _____-------------------------------------

2036 
2038 //I/////////I///////////I//I///I////////I//II/II!/////11/1/1 

2040 
2042 Read_meter_s: Contr_ol module for_ all instr_ument r_eads. 
2044 Too_~ot=O 

2046 Pl=O 
2048 P2=0 
2050 Checktime=TIMEDATE 
2052 1 ______------------------------------------

2054 Hp438a_l:! 
2056 IF Fp438a1 THEN 
2058 GOSUB F'o\..ser_ _1_2 ! HP438A both channels 
2060 ! r_etur_ns Power_I, Power2 (watts) 
2062 IF Too_hot THEN GOTO Read_meters 
20,!J4 GOSUB Cal..-p0wer_ _1_2! correct for_ losses and r_eturn PI, P2 
2066 Min-power:IF (Pl-P2)(Min"-pwr THEN 
2068 BEEP 
2070 PRINTER IS Printer 
2072 PRINT TIMEJ: <TIMEDATE) ; II " 

2074 PRINT FiPTJ:(I-",40);" INPUT IS TOO LOW! 
2076 PRINT "Raw Pl=";Powerl;" ** Cal Pl=";Pl 
2078 PRINT "f\:aw F'2=";Power2; II ** Cal P2=";P2 
2080 PRINT "Net inpL\t power (Pl-F'2) ="; Pl-P2 
2082 PRINT RPTJ:("-",40) 
2084 F'RINTER IS CRT 
2086 GOSUE: Adjust..-p0wer 
2088 GOTO Read_meter_s 
2090 END IF 
2092 END IF 
2094 1 ______------------------------------------

2096 Hp438a._2: ! 
2098 IF Fp438a2 THEN 
2100 GOSUB Power_3_4 ! Set for channel A (Power_3) only, Power4=0 
2102 ! retur_ns Power_3, Power4 (watts) 
2104 IF Too hot THEN GOTO Read_meters 
2106 GOSLJB CaI __power_ _3_4 ! correct fot- losses and r_eturn P3,P4 
2108 END IF 
2110 1_-____------------------------------------

2112 Hp4:36a_l: ~ 

2114 IF Fp436al lHEN 
2116 GOSUB Power __5 HP 436A 
2118 ! r-etur-ns Power-5 
2120 IF Too_hot THEN GOTO Read_meters 
2122 GOSUB Ca I _power _5 correct f 01- losses and return P5 
2124 END IF 
2126 1 ______------------------------------------

2128 Hp436a __2: 1 

2130 IF Fp436a2 THEN 
2132 GOSUB Power 6 HP 436A 
2134 ! returns Power-6 
2136 IF Too __hot THEN GOTO Read_._meters 
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2138 GOSUB C=d _p ower _6 1 correct for 105525 and return P6 
2140 END IF2142 1 __________________________________________ _ 

2144 I'lbs_probe::;: ! 

2146 IF Total c:hc.r.s>O THEt~ GOSUB Probe._Td ! Mu.ltipr-obe system 

2148 IF Too_hot THEN GtJTO Read_meters ! returns cOt-rected V/ir•.


1 _________ •_________________________________ _ 

2152 Wai t_.1 oop: ! 
2154 LOOP 
2156 EXIT IF <TIMEDATE-Checktime) >Time_eut 
2158 END LOOP 
2160 1 ______------------------------------------ 

2162 Hp3456a_l:! ======= EUT connected to this dvm. 
2164 IF Fv3456al THEN 
2166 CALL Readdvm(Voltl,@Dvml) HP digital voltmeter 
2168 returns Volts (DC 
2170 Vl=Voltl-Z3456al correct fer zer6, 
2172 IF VI >Ma::."eut THEN 
2174 PRINTER IS Printer 
2176 PRINT TIME:t<TIMEDATE);" •.. DVMl error / EUT 

volts) 
yields VI 

overload ... 
2178 PRINT "Set ma::=";Ma}(_eut;", Reading=";Volt1;", 
2180 PRINT ", Adjusted reading=";Vl 
2182 PRINTER IS CRT 
2184 GOSUB Reduce-power 
2186 GOTO Read_meters 
2188 END IF 
2190 
2192 

END IF 
1------------------------------------------

21 (7'4 Hp3456a_.2:! 
2196 IF Fv3456a2 THEN 
2198 CALL Readdvm(Volt2,@Dvm2) HP digital voltmeter 

Zet-o==";Z~.:.r.456a1; 

2200 returns Volts (DC volts) 
2202 V2=Volt2-Z3456a2 correct for zero, yields V2 
2204 END IF 
2206 !------------------------------------------ 
%208 Hp3478a_l:! 
2210 IF Fv3478al THEN 
2212 CALL Readdvm(Volt3,@Dvm3) 
2214 
2216 V3=Volt3-Z3478al 
2218 END IF 

HP digital voltmeter 
returns Volts CDC volts) 
correct for zero, yields V3 

222t) !------------------------------------------
2222 Hp59306a_rel ay:! An e>:amp 1e of LISi ng the reI ay to measure mul tip 1e 
2224 quantities. This requires additional instrument to 
2226 actually do the meesurements, as the relay only controls 
2228 a system of rf switches. 
223() In this example y turn off the Spectrum Analyzer flag. 
t"'~ r"'. -:r """'i.a::....:: ...,:•...::. IF Fr59306a THEN 
2T:04 OU1F'UT @f.:lyl;"AI23" ! Toggle to SUM port 
2236 CALL Spec .._a.l :::r._.start (Frequency,@Spec_alzr) 
2238 Cf:'ILL Spec_a.l;;T ._read (Sa_powet-, FreqLlency,@Spec_..alzr) 
224() Sa.J.)ower=l 0.0"·, ( <Sa_.power /1 O. 0) -~5" (I) ! dBm -> watts 
2242 GOSUB Cal _sa.J.)owE·I~! cOt-rect for losses and t-eturn Sa.""pwr 
2244 SUifl_"'power=Sa.."'p wt
2246 
2248 OUTPUT @F·:lyl; "B123" ! Toggle to DIFFERENCE port 
225Cl CALL Spec_al zr_start (Frequency,@Spec._alzr) 

CALL Spec_al:: r _read (Sa-power ,Frequency, @Spec_d.l z r) 
2254 Sa_power=10. 0" ( (Sa-power /10.0) -3. I) ! dBm > wa.tt s 
22=:16 GOSUB Cal_..sa......Power! correct for losses and retl.lt-n Sa_pwr 
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__________________________________________ 

2258 Di f f .Jlower =SaYI.",r 
2260 END1 IF _ 

2262 
2264 Spec_al::r: ! 
2266 IF Fsa8566b AND NOT Fr59306a THEN ! HP8566B Spectrum analy::er 

,I 
 2268 CALL Spec_al::r_start(Frequency,@Spec_alzr) 

2270 CALL Spec_al:: r _read (Sa_power, Frequency, @Spec __al::r) 
2272 Sa_PQwer=10.Cv'·«Sayower/10.0)-3.0) ! dBm -> watts 

II 2274 GeSUB Cal._sayower! correct for lOEses and retl.lrn Sa_pwr 
2276 END IF 
2278 RETURN 
2280 
2282 111111111111 Read instrument subroutines 1111111111111111111 
2284 
2286 HP 438A Dual pewe,'"' meter - @DLlalywr 1 ..•.•..•. 
2288 
2290 Power _1_2: Ab~t="AB" 
2292 CALL Read_.dualywr (Ab$, Apower, Bpower, Too._hot ,Val i d,@Dualywr 1 ) 
2294 IF Too_hot THEN 
2296 GeSUB RedLICeyOWer 
2298 RETURN 
2300 END IF 
2302 IF NOT Valid AND NOT Too_hot THEN 
2304 GeSUB Dualywr_error 
2306 GOTO Power _1_2 ! Repeat measLlrements 
2309 END IF 
2310 IF Ab$="AB" OR Ab$="A" THEN 
2312 IF Apower(O. THEN Apower=O. Power detectors are not sources 
2314 Power1=Apower 
2316 END IF 
2319 IF Ab$="AB" OR Ab$="B" THEN 
2320 IF Bpower(O. THEN Bpower=O. 
2322 Power2=Bpower 
2324 END IF 
2326 RETURNIii 
£328 
233() • . . • • • • • • . .• HF' 438A DLlal power meter - @Dualywr2 ••••.•••. 
2332 
2334 Power_3_4:Ab$="A" ! or Ab$="AB" if you want both channels. 
2336 CALL Read_dual._pwr (Ab:f, Apower, Bpower, Too_hot, Val i d,@Dual."pwr2) 

iii 2338 IF Too_hot THEN 
2340 GOSUE! F:edLICeyOWerHil 2342 RETURN 
2344 END IF r 2346 I F NOT Val i d AND NOT Too._hot THEN 
2348 GOSUB Dua.l_pwr _.error 
23::,t) GOTO Power _3._4 ! Repeat measurements 
2::::;52 END IF;'11\ 
2354 IF Ab:f:::: II AB" OR Ab$="A" THEN 
2356 IF Apower<O. THEN Apower=O. Power detectors are not sources

I 2358 Power3=Apower 

2360 END IF
t 2362 IF Ab$="AB" OR Ab$="B" THEN 
2364 IF Bpower(O. THEN Bpower=O. 
2366 Power4=Bpower 
2368 END IF 
2370 RETURN 
2372 
2374 HP 436A Power meter - @Pwr1 •••..•.•....• 
2376 
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2378 Power "..5: ~ P"Jf" . .1 d.$·= II P 1" 
2:~8() CALL Read._p'·Jt· ...meter (Power, P'<lr ..._i d$, Val i d,@Pwr 1, @Si i;'L..gen) 
2382 IF NOT Valid THEN 
2:-$84 D I SP ,. EF,RDR IN 436a POWER METER 1" 
2386 BEEP 
2388 PAUSE 
239(1 Powet··=!). 
2392 Too_hot=l 
2394 END IF 
2396 IF Power<O. THEN Power=O. 
2398 Power5=Po'<ler 
2400 RETURN 
2402 
2404 ~ ....••.•.•....•••• HP 436A Power meter - @Pwr2 •...•..•..... 
2406 
2408 Power._6: ~ Pwr_id:f="P6" 
2410 CALL Read-pwr_meter(F'ower,Pwr_id$,Valid,@Pwr2,@Sig_gen) 
2412 IF NOT Valid THEN 
2414 DISP "ERROR IN 436a POWER METER 2" 
2416 BEEP 
2418 PAUSE 
2420 Power=O. 
2422 Too_hot=l 
2424 END IF 
2426 IF Power<O. THEN Power=O. 
2428 Power6=Power 
2430 RETURN 
2432 
2434 ~ •••• " •••••.••.•• ". NBS MLtl tiprobe system •..••..• ••• "II •••••• 

24:36 
2438 Probe .Id: ~ 

2440 IF Total_chans>O THEN 
2442 CALL Read"J)robes (@Gpi 0) 

2444 Too_hot=O 
2446 FOR P=l TO Total_chans 
2448 Too_hot=Too_hot OR Overrange(P) 
2450 NEXT P 
2452 IF Too __hot THEN 
2454 GOSUB RedLlce-power 
2456 ELSE 
2458 CALL Appl Y-probe_cal (FreqLtency) Amplitude correction. 
2460 Frequency correction. 
2462 END IF 
2464 END IF 
2466 RETURN 
2468 
2470 ! //////////////////////////////////////////////////////////// 
2472 
2474 Level_eut_out:! This routine will adjust the signal generator 
2476 output to cause the EUT output (tied to @Dvm1) 
2478 to f all wi thi it the 1 i mi ts of Mi ,,_eut and Ma:·: _..aut. 
2480 I All the while within the bOLlnds of Low_dbm to 1·liqh_.dbm .. 
2482 
2484 
2486 
2488 
2490 
2492 RETURN 
2494 
2496 ! ///////////////////////////////////////////////////!//////// 

105 



~ 


.J. 


24'/:3 
2:,()C"1 Level net_input: This routine will adjust the siqnaJ generator 
250~'2 output to cause the corrected net input pcwor 
2~,(:4 to fall within the limits of Min .._p,·lr .:<n1j r;a:".._pl·Jt
250·:;. All the while within the bOI_i.nds of Low_"db(T! to Hiqr"_dbm. 
2508 
2510 

2512 

2514 
2516 
2518 F:ETURN 
2~52() 

2522 ///////11///////1//////////////11///////////1////11//1///!/I 

2524 
2526 ()djust_"pcwet" : 
2528 DISP " INPUT power is too low. Check system (ContinLtE'!-k5) " 
253() ON KEY 5 LPIBEL "Conti nue" ,Local-prty GOTO Tryi taga.i n 
2532 ON I<EY 0 LABEL "Reduce Power", Local yrt y GOSUB Reduceyower 
2534 ON I<EY 2 LABEL "Increase Pwr", Local-prty GOSUB Increfl.seJJwr 
2536 LOOP 
2538 Myself:ON f:::EY 6 LABEL" dBm="MlAL$(obm) ,Local-prty GOTO Myself 
2540 END LOOP 
2542 Tryitagain:OFF KEY 
2544 DlSF' CHR$ (12) 
2546 RETURN 
2548 ...................................................... " ..................... . 
255() Reduce._"p ower : ! 
2552 Dbm=Dbm-1 
2554 CALL Set.__dbm (obm, 1 ,@Sig __gen) 
2556 IF Printflag THEN 
2558 PRINTER IS Printer 
2560 PF\INT TIME$(TIMEDATE); u: Step#";Steps;" Ft-eq=";Freqw:mc:y; 
2562 PRINT RF'T:.t("*",10);" NEW GENERATOF: LEVEL =";Dbm 
2564 PR I NTEF: I S CRT 
2566 END IF 
2568 RETURN 
2570 ••• ., ..................... ., ••••••••••• ., ., •••••• ., •••• « ... \II ••••••• 

2572 Increase-pwr : ! 
2574 Dbm=Dbm+1 
2576 CALL Set_dbm <Obm, 1,@Si g_gen) 
2::;78 IF Printflag THEN 
2580 PRINTER IS Printer 
2582 PRINT TIME$(TIMEDATE); ": Step#";Steps;" Freq:";Ft"equency; 
2584 PfUNT RF'T:.t ("*",10) ;" NEvi GENERATOR LEVEL ="; DbmI, 

! 2586 PRINTER IS CRT 
,1 2588 END IF 

2~,9t) RETURN 
25';:/2'\ 2::'194 I /1//////1////1//1/////1///////////1////////////111////////1/

i,1 

2596 
2598 Dual_"pwt"_error: ! 
2600 CALL Set_dbm(-140,O,@Sig_gen) Kill pOl-'let
260~2 IF Printflag THEN 
2604 PRINTER IS Printer 
2606 PRINT TIME:.tnIMEDATE); ": Step#I';Steps;" Freq=";Fn?qLl.ency: 
2608 PRINT RPT:.t("*",10)j" ERROR IN DUAL pmJER METER!!!" 
2610 PRINTER IS CRT 
2612 END IF 
2614 DISP " ERROR in DUAL POWER METER, correct and 'CON-r 1NUE' " 
2616 BEEP 
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2618 PAUSE 
262U CALL Set_~bm(Ubm.l,@Sig_gen) 
2622 RETUPN 
26:::4 
26::::6 ~ //IIII//i///****PHINT HEADING FOR RAW DArA*~**'/I/IIIIII/I!/ 
2628 
2630 Print ..he::<.din·fo: ValuE's in ordE'r of ir,s.;:>t··tion ir.to matri:-:.I 

2632 PRINTER IS Printer 

2634 PRINT 

2636 SELECT Test_typeS 

2638 CASE "MODE TUNt.:: REGULAR" 

2640 PRINT RPTS ("-",15) ; "Identi f i er: "; RLln_i dS; 

264::~ PRINT STEP NUMBER ";Steps;RP1$("-",15)
II 

2644 PRINT "FREQUENCY INC-F'WR REFL-PWR"; 
2646 PRINT REC-PWR"II 

II •2648 PRINT" MHz Watts Watt::; 
2650 PRINT vJatts" 

~ 

II 

2652 CASE "MODE TUNE EMISSIONS" 

2654 PRINT RPTS ("-",15) ; II Identi f i er: "; Run_i d:t; 

2656 PRINT" STEP NUMBER ";Steps;RPTS("-",15) 

2658 PR I NT "F REG!UD~CY REC-PWR" 

2660 PRINT" MHz Watts 

2662 CASE "OTHER (NO STEPS)" 

2664 PRINT RF'T:t-("=",80) 

2666 PRINT "MeasLlrement Identifier: ";RLIn_id$ 

2668 PRINT Measmt_id$ 

2670 PRINT RPT$(".",80) 

2672 PRINT 

2674 PRINT "FREG!UENCY I NC--F'l.JR REFL-F'\.I.JR "; 

2676 PRINT" Probe OUTPUT" 
 ...2678 PRINT MHz Watts Watts ,II 

2680 PRINT Volts"II 

2682 END SELECT 
2684 PRINTER IS CRT 
2686 RETURN 
12688 
2690 ~ 11111111111111/1****PRINT RAW DAfA****/III/I//I/IIII/illll/1 
2692 
2694 Printrawdata: ! 
2696 Rawimagel:IMAGE 6D.2D,X,# 
2698 Rawimage2:IMAGE #,MD.DDDE,X 
2700 PRINTER IS Printer 
2702 PRINT USING Rawimagel;Rawdata(l,Column) 
2704 FOR 1=2 TO Total_meters+l 
2706 PRINT USING Rawimage2;Rawdata(I,Column) 
2708 NEXT I 
2710 PRINT [' 
2712 IF Total_chans>1 THEN GOSUB Print_probes 
2714 PRINTER IS CRT 
2716 RETURN 
2718 
272() ~ 1/11/11/1//1///1/11//11/1/1/1/11111//111//11111/1/11111//1/1 
2722 
2724 Print_probes: I 

2726 F'R I NT RPT$ ( II _" ,8(l) 
2728 r'RINT "Amp# Probe# A:< is Zero OLltput Orn~e"; 
2730 PRINT" Volts/mtr" 
2732 Pimagel:IMAGE M3D,2X,M3D,3X,A,3X,2(M4D,2X) ,MDD,2X,M4D.2D 
2734 FOR 1=1 TO Total_~hans 
2736 Amp=Probe_add~- (1,1 ) 
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2738 
2740 
2742 
2744 
2746 
2748 
2750 
2752 
2754 
2756 
2758 
2760 
2762 
2764 
2766 
2768 
2770 
2772 
2774 
2776 
2'778 
2780 
2782 
2784 
2786 
2788 
2790 
2792 
2794 
2796 
2798 
2800 
2802 
2804 
2806 
2808 
2810 
2812 
2814 
2816 
2818 
2820 
2822 
2824 
2826 
2828 
2830 
28~·2 
28:34 
2836 
28:38 
28'lO 
2842 
2844 
2846 
2848 
2850 
2852 
2854 
2856 

Probe=F'robe_.addr (1,2) 
SELECT Probe_addr(I,3) 
CASE 1 

A:{:$·=" X " 
CASE 2 

AX$="Y" 
CP,SE 3 

A),(:f:="Z" 
CASE 'l 

A}($="S" 
CASE ELSE 

A:.::f.="E" 
END SELECT 
Org=Overrange(I) 
Zer=ProbE_zero(I) 
A._d=Probe_vol ts (1) 

V _m=Ri;l.wdat:a (Tota.l_metet-s+ I +1, Col umn) 
PI-UNT USING Pi mage 1; Amp, Probe, A::$, Zer ,A_d, Org, V_m 

NEXT I 
PF,INT RPT$(II_",80) 
PRINT 
PRINT 
RETURN 

!11111111111/11/11/11****SAVE DATA****I/!IIIIIIIIIIIIIIIIIIIII 

Save_data: ! 
ON ERROR CALL Errortrap 
IF Test_type$="OTHER (NO STEPS)" THEN 

Filename$=Run_id$ 
ELSE 

Fi I ename;f·="S"tNAL$ (Begi nstep) ~~" _"~NAL$ (Endstep) 
END IF 
Filename$=Filename$&Outdisk$ 
Fi 1esi ze=INT ( ( (Total,_chans+Total_meters+1) *Fi le20steps*8) 1256) +2 
CREATE BDAT Filename:f.,Filesize,256 
ASSIGN @Datapath TO Filename$ 
OUTPUT @Datapath;Rawdata(*) 
ASSIGN @Datapath TO * 
PRINTER IS Printer 
IF Test_type$="OTHER (NO STEPS)" THEN 

PRINT TIME:f.(TIMEDATE);" ..•.• DATA STORED ON FILE ";Filename$ 
ELSE 

Fi 1ename$="S"~NAL$ (Begi nstep) &"_" ~t.VAL$ (Endstep) 
PRINT TIME$(TIMEDATE);" •••••••••... DATA FOR STEPS "; 
F'RINT Beginstep;" TO U;Endstep;" STORED ON FILE ";Filename$ 

END IF 

OFF ERROR 

PRINTER IS CRT 

RETURN 


111111/1/111/11/1/**** SAVE 

SavE_conf i gl.lre: ! 
ON ERROR CALL Errortrap 
Filename$="CONFIGURE" 
Filename$=FllenameS&Outdisk$ 
CREATE BDAT Filename:t,16,256 
ASSIGN @Datapath TO FilenameS 
OUTPUT @Datapath;Run_id$ 

CONFIGURE ****111111111111111111 
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2858 
2860 
2862 
2864 
286.:'; 
2868 
287() 
2872 
2874 
287,::: 
281'8 
2880 
2882 
2884
2886 
2888 
2890 
2892 
2894 
2896 
2898 
2900 
2902 
2904 

·2906 
2908 
2910 
2912 
2914 
2916 
2918 
2920 
2S'22 
292.<.1 
2926 
2928 
2930 
2932 
2934 
2936 
2938 
2940 
2942 
2944 
2946 
2948 
29::,0 
2952 
2954 
2956 
2958 
2'760 
29t:·2 
2964 
2966 
2968 
2970 
2972 
2974 
2976 

OUTPUT @Datapath;Measmt_id$ 
OUTPUT @Datapath;Time_date$ 
OUTPUT @Datapath;Fstart.Fstop,Fstep 
IF "fest_type;t::-"OrHER (NO STEPS)" 1HEN 

OUTPUT @Datapath;l 
ELSE 

OUTPU1 @Datapath;Total_steps 
END IF 
OU1PUT @Datapath;Total_meters 
OUTPUT @Da.t,:.{pai.::t-I; Total,_chans 
OUTF'UT @Datapath; Probe_addr (*) 

OUTPUT @Dat.::<.path; Meter ._defns$ (*> 
OUTPUT @Datapath;File20steps 
ASSIGN @Datapath TO * 
OFF EF:RUR 
PF<INTEP IS CRT 
PfUNT T IME$ (T H1EDATE) ;" CONF I GURE f i 1 e fot- "; Rt.tn_i d$;" SAVED. II 

RETUf~N 

! //////////////////////////////////////////////////////////// 

Print_vitals: 
PRINTER IS Printer 
PR I NT j;:PT$ (" ", 8e}) 
PRINT "THIS DATA SET IS IDENTIFIED AS: n;Run id$ 
PRINT "MEASUREMENT dc.te: "; Ti me_date$ 
PRINT RPT$ ("_" ,80> 
PRINT Measmt_id$ 
PRINT RPT$(" ",80) 
PRINT "FREQUENCIES ";Fstart;" TO "; 
PFUNT Fstop;" STEP ";Fstep; II MHz. If 

PRINT "THE TUNER STEPPED ";Total_steps;" incr-ements. II 

PRIN1 Total_.meters;" PWR METERS and DVMs, along with ";Total_chans; 
PRINT channel s of the NBS mul ti probe system. IIII 

PFUNr 
PRINT liThe measured DATA are defined as follows:" 
PRINT F:PT$(I-",80) 
PRINT "Data slot.. Description"; 
PRINT TAB(40);"Data slot.. Description" 
J=INT ( ( <Total __chans+Total_meters) /2) +1) 
IF J< > ( (Total __chal1s+Total_meters> /2) +1 THEN J=J+l 
I 1 
K=J I J is starting point of second column. 
REPEAT 

PFU NT I; ": "; Meter- _def ns$ ( I ) ; 
IF 1«=Total_chans+Total __meters 

PRINT 1AB (40) ; ~<; ": "; Meter 
ELSE 

PRINT 
END IF 
1""]+1 
K=f::+l 

UN'[ IL I >=J 
PPINT RPT$("-",80) 
PPINl USING "2/" 
PRINTER IS CRT 
RETURI',j 

THEN 
__defns$ (1-::> 

I //////////////1////////////////////////////////////////////1 
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2978 END 
2980 
298~': ***********************************************************¥ 
2984 
298b SUD Measure_menu 
2988 Measure_menu: 
2~f90 I Original: 5 M~y 1984 
2(~9:~~ Revision: 24 Jan 1986 
2994 
2996 This routine will facilitate .ettinq up the 
2998 measurement by providing MENU access to the 
3000 parameters. 
3002 
3004 COM IParametersl REAL Fstart,Fstop,Fstep 
3006 COl'l IF'ar·ametersl REAL Mi n_eut! Ma;·:_e'..lt, Mi nJJwr , M.a.:: ._PWt··, Ti m!:-:_.eut 
3008 COM IParameter's/ INTEGER Low._dbm, Hi gh_dbm, Step_dbm 
3010 COM IParametersl INTEGER Search._e\..l.t, Sea.rdlJJvlr, Re._run 
3012 COM IParametersl INTEGER Begin~step,Total_steps,lotal_meters 
3014 COM IPara.metersl Run_l d$, 1'1easmt_i d$, Time_dateS . 
3016 COM IParametersl Meter _defns:t <*> ,OperatOt- _name:t. Test_type;.f· 
3018 COM IParametersl Coupler_id$,Generator_jd$ 
3020 
3()22 COM IFilesl SourcediskS,Outdisk$,Filename$ 
3024 COM IBugsl INTEGER Bugl,Bug2,Bug3,Printer 
3026 Cot1 IInterruptsl INTEGER Intr JJrty 
3028 DIM TestS[160] 
3030 INTEGER Local_prty, I ,Asci i_nLHTI, Interrupted 
3()32 Local_prty=Intr_prty 
3034 DISP CHR:t(129) 
3036 
3038 IF Printer=701 THEN 
3040 ON TIMEOUT 7,.5 GOSUB Printerdead 
3042 PRINT 
3044 OFF TIMEOUT 
3046 END IF 
5048 
3050 IF Bug1 THEN 
3052 PRINT TIME$(TIMEDATE);RPT$("*",10>;'" ENTER Measure_menu" 
3054 END IF 
3056 CALL Wipe_clean Cl eat- the CRT. 
3058 F'R I NTER I S CRT 
3060 GOSUB Write_backgnd Format menu area. 
3062 IF NOT Re_run THEN 
3064 GOSUE« Start_up_values Initial values 
3066 Put initial values in meGU 
3068 ELSE 
3070 GOSUE-: Fi ll._.i n_yal ues Put current values in menu 
3072 END IF 
3074 
307b ! Make any char.ges or cc.rreci: ions. 
3078 
3080 GOSUS Define_keys 
3082 PRINT fA8XY(56,3);DATE'(TIMEDATE> 
3084 l.OOF' 
308b IF Interrupted THEN GOSUB Define_keys 
3088 ON KE'( 5 LABEL "EXIT ····"RESET",LocaIJJrty GOTO Edt_sub 
3090 ON KE'( 15,Local_prty GOSUB Start_LIp_values 
3092 PRINT TABXYC69,3);TIME'(TIMEDATE) 
3094 END LOOP 
3096 E>: i t sub: 

no 



l 
2978 END 
2980 
298:;! ! ********************************************************.**~ 
2984 
29[36 SUB MeasLlre_,menLI 
2988 Measure_menu: 
2 CJ90 Original: 5 May 1984 
299~: Revision: 24 Jan 1986 
2994 
2C:;'96 This routine will facilitate ~ettinq up the 
29(7'8 measurement by providing MENU access to the 
3000 parameters. 
3002 
3004, COM IParametersl REAL Fstart,Fstop,Fstep 
30(l~~ COM IParameters/, REAL Mi n_eLlt ,MaH_EH-It.• Mi n-pwr. M.a.:: "",pwr" , Ti ffil:':_"el.•d:, 
3008 COM IPElrElmeter'Ss/ INTEGER Low._.dbm, Hi gh_dbm, Step,_dbm 
3010 COM IF'arametersl INTEGER Search __eLlt! Search,_'pv.lr' ,r':;:f=., run 
3012 COM IParametersl INTEGER Begi n ....."step, Total_steps, 1 otal._meters 
3014 COM IParametersl Run_~d.!Measmt_id.,Tima_date$ 
3016 COM IParametersl Meter_defns$ (*) ,Operatot"'_name:$'. Test_type:t, 
3018 GOM IParametersl Coupler_id$,Generator_jd$ 
3020 
3022 COM IFilesl Sourc~J!s~$!Outdisk$,Filename. 
3024 COM IBugsl INTEGER Bug1,Bu;2,8u~~ Printer 
3026 COM IInterruptsl INTEGER Intr-prty 
3028 DIM Test$(160J 
3030 INTEGER Local_,prty, I ,Asci i_",f1um, InterrLtpted 
3032 Local_'pI~ty=Intr-prty 
3034 DISP CHR$ (129) 
3036 
3038 IF Printer=701 THEN 
3040 ON TIMEOUT 7,.5 GOSUB Printerdead 
3042 PRINT 
3044 OFF TIMEOUT 
3046 END IF 
!5048 
3050 IF BLlg 1 THEN 
3052 PRINT TIME$(TIMEDATE);RPT$(I*",10);" ENTER Measw-e._menLI" 
3054 END IF 
3056 CALL Wipe_,clean Clear the CRT. 
3058 PRINTER IS CRT 
3060 GOSUB Write_backgnd Format menu area. 
3062 IF NOT Re_run THEN 
3(>64 GOSUS Start_LIp_val Lies Initial valLI,es 
3066 Put initial values in menu 
3068 ELSE 
3070 GOSUe Fill_in values Put current values in menu 
3072 END IF 
3074 
3076 !Make any changes or corrections. 
3078 
3080 GOSUB Define_keys 
::!,082 PRINT TABXY(56,3);DATE$(TIMEDATE) 
3084 LOOP 
3086 IF Interrupted THEN GOSUe Define_keys 
3088 ON KEY 5 LABEL "EXIT ·""RESET",Loc.aI-pr-ty GOTO E:dt_,.sub 
3090 ON KEY 15,Localyrty GOSUB St.art_.L\p._vaILtes 
3092 PRINT TABXY(69,3);TIME$(TIMEDATE) 
3094 END LOaF' 
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309El OFF KEY 
3100 D I SF' CHR:.t ( 12) 
3102 T i me_date$=l I Mt~$ (T I MEDAlE::) ~~", "t~DfHcl (T I MED(iTE) 
3104 F'RINTER IS Printer 
3106 IF F'rinter=701 THEN DUMP ALPHA 
3108 IF 8ugl THEN 
3110 prnNT TIME:.t!TIMEDPrTE);FWT$("*",10);" EXIT MeasLlt-e_menLI" 
3112 END IF 
3114 CALL vJipe_clE'an 
3116 PRINTER IS CRT 
3118 SUB/.:: XIT 
3120 
3122 /II/////////////I///////////////////!////////////I/I////11// 

3124 
3126 Define_keys: ! 
3128 OFF KEY 
3130 Interrupted=O 
3132 Dr SP RF'T$ ( "<: .. , 15) ; " SELECT PARAMETER TO CHPINGE "; 
31:34 DISP ("'shi ft key) "; RPT:¥ (" >",15)11 

3136 ON KEY 0 LABEL "TEST ID ··... TYF'E .. ,LocalJ)rty GoSUB Change_eutid 
3138 ON I<EY 10,LocalJ)rty GoSUB Ch<!<.nge __type 
3140 ON KEY 1 LABEL "FREQs ·····81G GEN" ,LocalJ)rty GoSUB Change_freqs 
3142 ON KEY II,LocalJ)rty GoSUB Ch<!<.nge_Ievels 
3144 ON KEY 2 LABEL "INPUT MIN ·····MAX",LocalJ)rty GoSUB ChangeJ)wr _min 
3146 ON KEY 12,LocalJ)rty GOSUB Ch,mgeJ)wr_._ma:: 
3148 ON KEY:!. LABEL "LEVEL "'SEARCH",LocalJ)rty GOSUE Cl"'lange_searchJ) 
3150 ON KEY 13,LocalJ)rty GoGUB Change_search_e 
3152 ON KEY 4 LABEL "EUT MIN ""MAX" ,LocalJ)rty GoSUB Change_eLlt_min 
3154 ON .'::EY 14,LocalJ)rty GoSUB Chanqe_eut_ma~: 
3156 ON KEY 6 LABEL "DATE ""NAME",LocalJ)rty GoSUB Call_timE_date 
3158 ON KEY 16,LocalJ)rty GOSUs Enter_name 
3160 ON KEY 7 LABEL "Response Time",LocalJ)rty GoSUB Change_response 
3162 IF Test_.type:f.< }"oTHER (NO STEPS)" THEN 
3164 ON KEY 8 LABEL "TUNER ·····BEGIN" ,LocalJ)rty GoSUS Change_tLmer 
3166 ON KEY 18,LocalJ)rty GoSUB Change_beqinstp 
5168 END IF 
3170 ON KEY 9 LABEL "DISK DRIVE",LocalJ)t-ty G08UB Change._diskdhv 
3172 RETURN 
3174 
3176 /////////////1////1///////////1/////////////////////// ////// 

3178 
3180 8tart_up_v.aILr.es: Define the initial values for all parameters. 
3182 Re.fun=1 
3184 Fstart~100 Frequency range in MHz. 
3186 Fstop=1000 
3188 Fstep=50 
3190 LOL-J_dbrrr==-40 Signal generator level in dBm. 
31(7'2 Hi qh_._dbm,,;-10 
3194 Step.__ dbm=1 
3196 Seal-ch_eut=O 0== DO NOT .auto search fOt- EUT response 
3198 1-= DO 
3::00 Sear'ch .....Pl'IIr=0 1)== DO NOT auto level tt-Ie Net Input pOL-1er. 
32c)2 1= DO 
3204 Mi n E?Ltt"" 1. OE-·6 Mi ni mum OLltput of EUT in volts. 
3206 MCI.>:_eLlt=10. (I MCI.)·: i mum Ol.r.tput of EUT in volts. 
3208 Mi nJ)wt-=I. OE-6 Minimum net input pOI'ller in wC':ttts. 
3210 Ma}: _.pwr=10. (> I Ma;.:imum net input power in w<..~t ts. 
3212 Ti me_.eLlt'''O. Time for' EUT to respond after field is set. 
3214 Begin_step::::1 
3216 Total_steps=200 ~An integer division of 3200 
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:321 \.J Test t'/pe$="r-1(JDE TUNE RE:3ULAR" ! 0, "l'"lODF 
::;,2.,» lor "OTHER 

- ., 

OPCt-':::;.t<:H- _n':,i1lE.<f·="Gal en f::oepke" 

MC>'i\smt: ... i dl-: "Eva, 1 ua.te thE.:' 5L:sceptab iIi t y of 

Mf?<:~smt . ..i d$='ME:~.srnt_i d$~<" in the NBS Reverbet-at i ng Chamber." 
Ccuplet- _i,j:*:~="HF' 778[!" 
C:~erlel- 2.t ~:T i d$=" HP_8660{~" 

·3234 
BOSlIE: Fill in._vcdues ! PLI.t initial vall_Ies in menu 

3238 F:ETURN 
3240 
32112 I IIIIII/I/!I!IIIIIIIIIIIIIIIIII!I/IIII/IIIIIIIIIIIIII/lI11111 
3244 
3246 Fill in_values:! 
3248 
325(> GOSUB 
-:"'.-.,c:~, 

~·LJ ..::' GOSUB 
3254 GOSUE: 
325,::' GOSUB 
3258 GOSUB 
326C) GOSUB 
3262 GOSUB 
3264 GOSUB 
3266 GOSUE! 
3268 GOSUS 
3270 GO:3US 
3272 GOSUB 
3274 GDSUEl 
3276 G05US 
3,278 GOSUl:: 

Chanqe eutid ! 
Print_type 
Pr i nt __f t-eq5 
Pr i nt_.gen_) evel 
Pr-int_beginstp 
Print_tuner 
Print_name 
Print_searchy 
Pt-int_search_e 
Print_eut_min 
Print_eut __ma:-: 
F'r i n t ywt- __mi n 
F't- i n t yltH' ___mal< 
F'rint._wc.>.i t 
F'rint_disl::drive 

Fill in the values 

TU~>IE EM I :38 I OIJS" 
(NO STEPS)" 

a devi ce" 

3280 RETURt'l 
3282 
3284 ! j 111111111111/1111111111/11111111111111/11111111111/111/1/1 
3286 
5288 Write_backgnd: ! Format menu area. 
3290 PF: HH 
3292 PRINT 
32'7'4 PRINT 
3296 PRINT 
3298 PRINT 
3300 
3.3(>2 PRINT 
3304 PRHH 
3306 PfiINT 
3308 
33,1 () F'FUNT 
3312 F'F\INT 
3314 PFUNT 
331,S PPItH 
3318 F'FnNl 

F'RINl 
::::'!-24 FRHIT 
:'!,326 PRHll 
3.328 pF:Hn 
3:::-],0 PRINT 
-:'f'-:"'.S'-' ..;....:., -'';:' PRINT 
3:534 F'R I Nl 
3336 PRINT 

CHR$ ( 129 ) 

TAEX V (16,1);" ***MEASUREMENT PARAMETERS 
TA8XY(1,3);" TEST ID: .. 

TABXY(23,3);" TYPE: " 

TABXY (41,::;); II DATE I TIME: 
 II 

CHRS(132 l ; 

TA8XY(1,5);f;:PT$(" ",160) 
CHF,$ (129) ; 

TAHXY(1.8);" 
TI~BX( (1,9);" 
U'IBXY(1,1r);" 
TAFlXY(1,11);" 

FF:EGlUENCY (MHz) 
LOt.oJ: II 

HIGH: " 
STEF': II 

TAB)Y C1 .8) ;" GENEf;:ATOR (d[:m) II 

TriBXY(41,8)::" NET H~F'UI POl.JER O.J) " 
T(.H3XY(41,S·);" MIN: II 

1'~'IBXY (41,10) ;" t1AX:" 

TABX'(41,11>;" LEVEL INPUT? " 

TABXY (65,8);" EliT F.:ESPONSE 

TJ;BXY(65.11>;" SEAF,CH? " 

CHFi$ ( 128) ; 

TABXY(62,9);" ..... 
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3338 F' F: I N i -r A t:: X y (62 , 1 (1) ; " • • • " 

3:::;:':+U F'F: I NT CHI~'~~ ( 12"1) ; 
3~J4~·' F'R 1 r~ r 1 Al7{XY ( 1 , 13) ;" EST I M~TE EUT F;ESF-'tJNSE T I ME " 'I 

.1 334 .~ F'RH·n UH:(XY(41,13);" seconds. ";Rr'T:l::(" ",30) 
I :::;,34b F'f;:H.IT U,E:X'l (41,1::.);" COUF'LEFUSI[' GEN:"; 

3343 PF:Hrr U\BXY (1, 1S) ;" BEGIN TUNEF: F'OSITION " 
3~:'5() F'FH!T H;f;XY (29, 15):" Er·m " 
3352 PF;:HH fA8XY (1,1 n ;" OF'EF;:ATOR: "; 
3354 F'Fn rn T p, B X Y ( 4 1 , 1 7) ;" D U T F' U1 DIm:: DF-:I V E : 
3356 F'F,: I rj T CHR:t ( 128 ) 
~;~~.58 r=;:ETUF\r~ 

.3360 
3362 I/I//I/II//////!/////I///////////////////////I/////////;///1 

33,~4 

3::;66 F'r-i ntE'r-dead: DI:::;F' "NO F'RINTEf;: a.t HF'IB addn,?ss 701 ""; 
3:36(:) DISP" Please ccrr'ect situ2.ti.on and hit 'CDN1Ir-lUE'" 
3.:::~70 BEEF' 
3372 F'AUSE 
3374 RETUF,:N 
3376 
3378 I /1//////////////1//////////////////////////////////////I///! 

3380 
3382 Call _t i. me __date: I nterrupted= 1 
3::'84 CALL Ti me__da.te 
3386 F.:ETURN 
3388 
3390 I 1/////1/////////////////////////////////////////////////1/// 

3392 
:::;,394 Change __eut_ma:<: Inten-upted=l 

I 33'=i6 IF Test_type:t=="MODE TW~E EMISSIONS" THEN RETUF:N 
3398 DISP " ENTER the UF'PER LIMIT for the EUT RESF'ONSE (your- ur,its) "; 
3400 I NF'UT Ma:< _eu t 
3402 IF Max_ellt<Min_ellt THEN 
3404 Mi n _eut =Ma:-: ___eut 
3406 GOSUB Pr i n t __eu t __m i n 
~408 END IF 
3410 Pr i nt_ellt ma;.;: ! 
3412 F'RINT TABXY(66,10); 
3414 IF Test_type:t="MODE TUNE EMISSIONS" THEN 
3416 F'R PH US ING "9A";" Not used" 
3418 ELSE 
::,4:20 F'FnN-r USH~G "MD. 2DE"; Ma.;.;_eut 
3422 END IF 
:::;,424 RETUPr,~ 

3426 
~:,4:?8 I //i/I//I////////////////////////////////////I//////////////1 

::::4::'0 
1\11 3432 Ch",<nCjE·._eut _min: Intct-r-ur::ted==ol 

::::.4:.34 IF r·H.J1 :;O:::'3~- C~-Ieu.t CiR Te~t __ t )'pe:t:-::" MUDE TUNE DII 5S IONS" TH~rl RETUF.:N 
I 343to DISF' " ENTEf~: the LmJEf~: LII"IIT for the ELiT RESF'ONSE ('lour uniL;) "; 

343E: HWUT Mi rl_eu.'::.I 
I I 3440 IF Mi n_..eu t >Ma,>: _e'."" t THEr'~ Mi n_eut=M~>: .__eu t 


3442 Print eut min: 

3444 PRINT TA8XY(66,9); 

3446 IF ~~OT SecH-c:h __.eut OR Te=,t_type:t="MODE TU~~E EMISSItJNS" THEI~ 


3448 PRINT USING "9A";" N..:,t used" 

3450 ELSE 

3452 PRINT USH~G "MD.2DE";Min_eut 

3454 END IF 


i I: 3456 RET UR~..j 
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3458 
3460 I //I/II/////!//I/// :/! //I//!//////I//I////////I/I// II!!!!! 

34':::J2 
3464 Chanqe_pwr_ffiax: Intprrupted=l 
346[:· IF NOT Sf.?2'<.rchJ)\'w DR Test __type:f::::/lMDD::: TUtH':: Et1ISSIm~s" THai h:ETUR~j 

3468 01 SF' " ENTER the Ma): 1 mum NET Input Power "; 
3470 JNf'UT t·l<.<;;_pl·w 
3472 IF Ma;':YI"w C'. THEH M"";:ywt-=O. 
3..q74 IF Ma:: _pwr<Mi n_pwr THEN 
::::,476 Mi n_pNr=Ma:<_pwr 
3478 GOSUB Pr i nt_pl~r _rni n 
3~'j.80 END IF 
348::: Pt- i nt _pwr _ma;<: ! 
3484 PRINT TABXY(50,10); 
3486 IF NOT Searchywr Of': Tes:t_type$="t10DE TUNE EMISSIONS" THEN 
34f:38 PHINT USING "9A";" Not used" 
3490 ELSE 
3492 PRINT USING "MD. 2DE"; Ma;:_pwr 
3494 END IF 
3496 RETUm~ 

3498 
35c)(> ! //////////////////!////////////////I//I/////////I///// ////// 
35()2 
3504 Changeywr_mi n: Intet-r upted= 1 
3506 IF Test_type4=="MODE TUNE EMISSIONS" THEN RETURN 
3508 DISP .. E~~TER the Minimum NET Input F'owet- If; 
3510 INPUT Mi nywr 
3512 IF Mi nyvJr(O. THEN Mi n_yl-'Jr=O. 
:;::514 IF Mi ny,..r >Ma:.: Yl.. r THEN Mi nywr==~la;: ywr 
3516 Pt-intyl~r _min: ! 
3518 PRINT TABXY(50,9); 
352() IF Test __type$="MODE TUNE EtviISSIONS" THEN 
"':PC::-I"""\C-. 
·,.:.··.JL...::.. PRINT USING "9(;''';'' Not used" 
3524 ELSE 
3526 PRHH USING "MD.2DE";Minywr 
-::'528 END IF 

RETURN 
3532 
3534 ~ //////////////////////////////1///////////////1///1/////1/// 

3536 
3538 Change_seat-chy: I 

3540 IF Searchy\A1r=O A~,m Search_eut=O THE~~ 

3542 Search_pwt-= 1 
3544 ELSE 
3546 Searchywr=O 
3548 END IF 
355t) GOSUE! F'r i n t __g en _1 eve1 
..,.rc::-. ._.. _i.....JL.. GOSUB F'~- i r; t ywr _tTl",;:.: 

3554 F-'r' in t __ seCl.r ct-,_..p: ! 
3556 PRINT TABXV(56,11); 
3558 IF Test_type$="MDDE TUNE E~lIS:::;l(JNS" THEN 
3560 PRINT "OFF" 
356~~ ELSE 
3564 IF Sear ch.__pwr- THEN 
3566 F'RINI "DN " 
3568 ELSE 
3570 PRINT "OFF" 
3572 END IF 
3~74 END IF 
3576 RETURN 
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! 

3578 

:',:!·580 /I////!; 111!il/II!//II!I/!!/!//! !//II/I/II!!!!///!!/!!/!!! 


3582 
3561 Change s!.?c\rch .E': Iii.: 
3586 IF Sf?,..X ch_eut=-O (-4r,JD S·::~rcl1,_p~"w=O THEt·~[I 3588 S?3rch_eul=1I 

I 	 35'70 EU3E 
35S:2 S€:::'~f-ch ..,e'_lt::O 
3594 Ef'·JD IF 
3596 GOSUB Print_gen_Ievel 
3598 GOSUE: Pr 1 nt __eut._mi n 
36t)() Print search_e:! 
3602 PRINT TA8XY(75,11); 
3604 IF Test. ._type$="MODE TUNE EMISSIONS" THEN 
3606 PRINT "OFF" 
360E: ELSE 

3610 IF Search_eut THEN 

3612 	 PF':INT "ON " 
3614 ELSE 
3616 F'RIt\IT "OFF" 

3618 END IF 

3620 END 	 IF 
3622 RETURN 
3624 
3626 J I//II/I////////////!!!/!////////////////////////////// ///!// 
3628 
3630 Change_type: I 

3632 Interrupted=l 
3634 OFF 	 KEY 
3636 DISP " SELECT MEASUREMENT TYPE. .. 
3638 ON KEY 0 LABEL "SoLlree == ANT" ,Local-prty+l GOTO Source_ant 
364(1 ON KEY 2 L(-i8EL "Source = EUT" ,Local-prty+1 GOTO Sow-ce_eut 
3642 ON KEY 4 LABEL "tm TUNER STP", Local-prt y+ 1 GoTo Notuner-step 
3644 LOOP 
3646 END LOOP 
:::'648 Source_ant:! Regular- MODE TUNED TESTS with transmitting antenna 
3650 Test_type$="MODE TUNE REGULAR" 
3652 Measmt_)d:.t="Evaluate the sLlsceptability of <:! device" 
3654 Measmt_j d$=Measmt_i d$~," in the NBS Rever-berati ng Chamber." 
3656 GoSUB Pd nt._euti d 
3658 GOTO New_,type 
3660 Sour-ce ..,eut:! Emi ssi ons LISi ng MODE TUNED sequence ~ EUT is sow-ce 
3662 Test __type$::"t10DE TUNE EMISSIONS" 
3664 Measmt_i d:.t= "MeaSLtre the r-adi ated emi ssi ons of a de··,·'i ce" 
3666 Measmt,_i d$=Me::lsmt i d:tt~" in the NBS Rever-berati ng Chamber." 
3668 GOSUS Print_Eutid 
3670 GOTO Ne\l'!_typs

1\ 3672 Notunerstep: I Other measurements that r-equire no TUNER stepping 
36'/4 Test,.type$="oTHE-:F: (NO STEPS)" 
3676 Mcasmt_.i d$",,1< Mee:'!sLlre the t-esponse of c\ devi ee to a f i el d II 

3678 Measmt._id$=t-1easmt id:t~/" in the NBS 1.2 meter- TEM CELL." 
3680 GCSUl: Pr'i n t_.eut i d 
:::;;682 New._type: OFF VEY 
::;:';684 ! Update all the menu items affected by TYPE change. 
36:36 GOSUB Pr-int_gen_Ievel 

3680 GOSUB Pt-i nt_be:,gi nstp 

3690 GOSUB Pr-int_tuner
3692 GOSUB Pr- i nt_seat-ch_e 

3694 GOSUB Print_sear-ch_p 

3696 GOSUB Pr-int_gen_id 
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369:3 
3700 
3702 
3701.1 
3706 
3708 
3710 
3712 
3714 
3716 
3718 
372(> 
3722 
3724 
372,~ 

372[\ 
3730 
3732 
3734 
3736 
3738 
3740 
3742 
3744 
3746 
3748 
3750 
3752 
3754 
3756 
3758 
3760 
3762 
3764 
3766 
3768 
3770 
3772 
3774 
3776 
3778 
3780 
3782 
3784 
3786 
3788 
3790 
3792 
3794 
3796 
3798 
3800 
3802 
3804 
3806 
3808 
3810 
3812 
3814 
3816 

GOSUD 
G05UB 
GOSUB 
GOSUB 

Print_type: ! 
PRINl 
PRINT 

P!~inty~"r __min 
F'r i ntyl'lr _iTla;' 

Print __eLlt_min 
F't- i nt_eut_m:o.;.( 

CHRS(129); 
TAGXY(45,1'; 

SELECT Test_typeS 

CASE "MODE TUNE REGULAR II ,"MODE TUNE EMISSIONS" 


CASE 

CASE 

END 

PRINT "MODE TUNED TESTS"; 
"OTHER (NO STEPS)" 

PRINl "TEM CELL TESTS "; 
ELSE 

F'R I NT II ?'?'??'??'"?????'????? II ; 

SELECT 
PRINT CHRS (128) ; 
PRINT TABXY(31,3); 
SELECT Test_type$ 
CASE 

CASE 

CASE 

CASE 

END 

"MODE TUNE REGULAR" 
PRINT "REGULAR 

"MODE TUNE EMISSIONS" 
PRINT "EMISSIONS" 

"OTHER (NO STEPS)" 
PRINT "OTHER 

ELSE 
PRINT "?????????" 
SELECT 

RETUR~,j 

! //////////////////////1/////////////////////////////////1//1 

Change_begi n=tp: Intet-rLlpted=1 
IF Test_type$="0THER (NO STEPS)" THEN GOTO Pr-int_beginstp 
DISP " ENTER THE BEGINNING TUNER STEP NUMBER "; 
INPUT Begin_step 
IF Begin_step>TotaI_steps THEN Begin_step=Total_steps 

Print_beginstp: ~ 

PRINT TABXY(24,15); 
IF Test_type$<>"OTHER (NO STEPS)" THEN 

PRINT USING "4D";Begin_step 

ELSE 


PRINT USING "4A";"N/A 
 II 

END IF 

RETURN 


~ //////1///////////////////////////////////////////////////1/ 

Change._tunE't-: 1 

IF Test_type:;·="DTHER (NO STEPS)" THEN GOTO Print_tunet
SELEC~T Total_steps 
CASE 

CASE 

CASE. 

CASE 

CASE 

:'::;200 
Total __steps= 100 

1600 
Total_steps=3200 

800 
Total_steps=1600 

400 
Total __steps=800 

200 
Total_steps=400 
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3818 CASE 100 
3820 Tot~1_steps:200 

3822 CASE ELSE 
3824 Tot~1_steps=400 

3826 END SELECT 
3828 Print_tLmer: ! 
3830 PRINT TABXY(35,15); 
3832 IF Test_.type:f:< )"OTHER (NO STEPS)" THEN 
3834 PRINT USING "4D";Total_steps 
3836 ELSE 
3838 PRINl USING "4A";"N/A " 
3940 END IF 
3842 IF Begin_step>Totcll_steps THEN 
3844 Begi n._step=Total_st.eps 
3946 GOSUB F'r1 nt_begi nstp 
3848 END IF 
3850 RETURN 
3852 
3854 11111111111111111111111111111111111111111111111111111111I111 
3856 
3858 Change_el.lti d: I nterrl.lpted= 1 
3860 DISP ENTER the TEST 10# (LEGAL FILE NAME) ";H 

3862 OUTPUT 2 USING "f<,#";Run_id$ 
3864 LINPUT TestS 
3866 IF LEN(Test.)=O THEN Change_el.ltid 
3868 IF LENCTestS»10 THEN 
3870 BEEP 
3872 DISP " ERROR in NAME ENTRY--TOO MANY CHf:iRACTERS, TRY AGAIN. II 

3874 WAIT 1. 8 

3876 OUTPUT 2 USI NG "f::: I #"; Fi 1 enameS 

3878 GOTO Change_eutid 

3880 END IF 

3882 FOR 1=1 TO LENCTestS) 

3884 Asc i i _nLlm==NUM (Test. r I J) 

3886 SELECT Ascii_num 

5888 CASE 65 TO 90,95,97 TO 122,48 TO 57 

3890 !Allowed characters 
3892 CASE ELSE 
3894 BEEF' 
3896 oI SF' "ERROR i n NAME ENTRY-- I LLEGAL CHARACTERS, TRY AGA 1N. " 
3898 WAIT 1. 8 
39(>0 GOTO Change_eLltid 
3902 END SELECT 
3904 NEXT I 
3906 Run._i d$==Test$ 
391)9 
3910 DISP " DESCRIPTION of the EUT ..\rid PURPOSE for test"?? «2 line!:) H; 
3912 OUTF'UT ::.! USIN(3 "K,#";Measmt_id:t 
3914 LINPUT Measmt_id$ 
3916 Pr~nt .._eLltid: ! 
3918 PRINl" T{-iBXY(12\3);RPT$(" 1',10) 
3920 PRINT TA8XY(12.3);Run_id$ 
3922 PRINl CHR$(132); 
3924 PRINT TABXY(l,5);f.:PT$(" ",160) 
3926 PRINT lABXY(1,5);Measmt_idS 
3928 PRINT CHR.(128); 
3930 RETURN 
3932 
3934 111111111111111111111111111111111111111111111111111111111111 
3936 
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3938 
3940 
3942 
3944 
3946 
3948 
3950 
3952 
3954 
3956 
3958 
3960 
3962 
3964 
3966 
3968 
3970 
3972 
3974 
3976 
3978 
3980 
3982 
3984 
3986 
3988 
3990 
3992 
3994 
3996 
3998 
4000 
4002 
4004 
4006 
4008 
4010 
4012 
4014 
4016 
4018 
4020 
4022 
4024 
4026 
4028 
4030 
4032 
4034 
4036 
4033 
4040 
4042 
4044 
4046 
4048 
4050 
4052 
4054 
4056 

Enter_freq_er: 
DISF' ,. EF,;:;:iJF, in nLlmer-ic: entl-Y or ILLEGP,L value. " 

BEEF' 

WAIT 1.8 


Change~freqs:lnterrupted=l 

DISF''' ErHt::F' St::wt. Stop, Step freqLlencies (MHz). "; 

DISF' "[F:.;;,nqes: 1--30, 30·-2000, 2(H)0·-18000]"; 

LINF-'UT TC?st$ 

ON ERF:OH GOl(J Enter _freq_er 

Fstart=VAL(Test$) 

Fstop=V,0tL (Test$[POS (Test$, ", ") + 1 ]) 

Test$=Test$[ F'OS <Test$, " , ") + 1 , LEN <Test$) ] 

Fstep=VAL <Test$[POS <Test$,",") +1 J) 

OFF ERROR 

IF Fstop<Fstart THEN GO TO Enter_freq_er 

Fstart=MAX(MIN(Fstart,18000) ,1) 

Fstop=MAX(MIN(Fstop,18000) ,1) 

Fstep=MAX(MIN(Fstep,18000) ,.(1) 

SELECT Fstart+(Fstop-Fstart)/2 !Mid point in the range of freq. 

CASE (=30 ! Set limits to 1-30 range 


IF Fstop>30 THEN Fstop=30 

Generator_id$="HP_86.~OA" 


COLIP I er _i d$=" CH_130_4" 

CASE (=2000 ! Set limits to 30-2000 range 


IF Fstart<30 THEN Fstart=30 

IF Fstop>2000 THEN Fstop=2000 

COLIP I er _i d$=" HF' __778D II 

Generator _id$="HP __8660A" 


CASE )=2000 ! Set limits to 2000-18000 range 

IF Fstart(2000 THEN Fstart=2000 

Coup 1 er- _1 d$=" HF'_11692D" 

Gener-ator _id$="HP_.8672A" 


END SELECl 
Print_freqs: ! 

PRINT TABXY(9,9); 
PRINT USING "5D.2D";Fstart 
PRINT TABXY(9,10); 
PRINT USING "5D.2D";Fstop 
PRINT TABXY(9,11); 
F'RINT USING "5D.2D";Fstep 

Pri nt __gen __i d: ! 
PRINT TABXY (59,15); RPT$ (" II ,21); 
IF Test_type$="MODE TUNE EMISSIONS" THEN 

PRINT TABXY(59, 15); "Not LIsed" 

ELSE 


PRINT TABXY(59,15) ;Coupler _id$; "1";Generator _id$ 

END IF 

RE1UF~N 

! 111111111111111111111111111111111111111111111111111111111111 

Change_)evels:lnterrupted=l 
IF Test __type$=ilMODE TUt..jE EMISSIONS" THEN r<ETURN 
IF Search_eut OF: SearC:I"'I_.'pwr THEN 

ELSE 

DISF' " ENTER the LOW, HIGH, STEP Signal generator LEVEL (dBm) Ii; 
DISF' " ..• integers only! "; 
INF'UT Low_dbm,Higt,_dbm,Step_dbm 
IF Low_dbm>High_dbm THEN Low_dbm:::Hlgh_dbm capped by high_dbm 
IF Step_dbm< 1 THEN Step __dbm=l 

1.1, 
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4058 DISF' .. ENTER Signal qenet-C'ltor LEVEL (dBm) "; 
40,~) DISP" ..• integers only~ "; 
4062 I ~JFUl Low_ dhm 

iI·Ob't IF Hi qh _..dbm : Lovl_dbm THEN Hi gh._dbm=Low_dbm capped by low._dbm 

40':;·,!J END IF 

4068 F'r-int_gell_)evel: ! 

4070 PRINT CHR$(129); 

4072 SELECT TE·st ....type$ 
4074 CASE "MODE TUNE REGULAR", "OTHER (NO STEF'S)" 
4076 IF Search_eut OF.: Sean:h.ywr THE~~ 

4078 PRINT T{~8XY (21,9) ; II LOW:" 
4080 PRHH TABXY(21,10);" HIGH: .. 
4082 PRINT TABXY(21,11);" STEP: II 

4084 ELSE 
4086 PRINT TABXY(21,9);" FIXED: " 
4088 PRINT TABXY(21,10);" 
4090 PRINT TABXY(21,11);" 
4092 END IF 
4094 CASE "MODE TUNE EMISSIONS" 
4096 PRINT TABXY(21,9);" NOT 
4098 PRINT TABXY(21,10);" USED" 
4100 PRINT TA8XY(21,11);" 
41(>2 CASE ELSE 
4104 PRII'H TABXY(21,9);" ERROR II 

4106 PRINT TABXY(21,10);"DETECTED" 
4108 PRINT TABXY(21,11);"IN TYPE~" 
4110 END SELECT 
4112 PRUH CHR$ (128); 
4114 PRINT TABXY(30,9); 
4116 PRINT USING "4A";" 
4118 PRINT TABXY(30,10); 
4120 PRINT USING "4A";" 
4122 PRINT TABXY(30,11); 
4124 PRINT USING "4AI;" 
4126 IF Test_type$< "MODE TUNE EMISSIONS" THEN 
4128 PRINT TABXY(30,9); 
4130 PRINT USING "40"; Low_.dbm 
4132 IF Searc:h_eut OR Searc:hywr THEN 
4134 PRINT TABXY(30,10); 
4136 PRINT USING "4D";High_dbm 
4138 PRINT TA8XY(30,11); 
4140 PRINT USING "4D";Step_dbm 
4142 END IF 
4144 END IF 
4146 RETURN 
4148 
4150 ///////////1///1///1/1/////////////111//1//////1////1/1111/1 

4152 
4154 Change.yesponse: InterrL!pted=l 
4156 DISF' " ENTER tim!? for EUT to respond after field is set. (seconds) "; 
4158 INPUT Ti mE ....E'ut 
4160 PI-int __wait: i 

4162 PRINT TABXY(30,13); 
4164 IF Time_eut<9999 THEN 
4166 F'Ran US ING II X, 5D. 3D"; Ti me_eLlt 
4168 ELSE 
4170 PRINT USING "MD.3DE";Time_eut 
4172 END IF 
4174 RETURN 
4176 
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4178 ! //////////////////////////////////////////////////1/////1//1 

4180 
4182 Enter_name: Interrupted=l 
4184 D I SF' F'LEASE TYPE I N YOUR NAME ";II 

4186 LINF'U1 Test$ 
4188 Operator_name$=Test$[1,28J 
4190 Print_n.;c.me: I 

4192 PRINT TABXY(13,17);RF'T$(" ",28); 
4194 PRINT TABXY(13,17>;Oper.;c.tor_name$ 
4196 RETURN 
4198 
4200 ! /////I////////!//////////////////////////////////I//////11// 

4202 
4204 Change·_.di skdri v: I 

4206 OFF KEY 
4208 Interrupted=l 
4210 DISP " SELECT DISK DRIVE for- DATA OUTPUT. " 
4212 ON KEY (l LABEL "LEFT Inter-nal",Local-pr-ty+1 GOTO Left_inter-nal 
4214 ON KEY 2 LABEL "913:::, HARD DISK" ,Local-pr-ty+1 GOTO Har-d9133 
4216 ON KEY 4 LABEL "RIGHT Internal",Local-pr-ty+1 GOTO Right_internal 
4218 ON KEY 7 LABEL "9133 floppy",Local-pr-ty+1 GO TO Floppy9133 
4220 LOOP 
4222 END LaOF' 
4224 Left_inter-n.;c.l:Outdisk$=":INTERNAL,4,1" 
4226 GOTO Disk_selected 
4228 Right_inter-nal:Olltdisk$=":INTERNAL,4,O" 
4230 GOTO Disk_selected 
4232 Har-d9133:011tdisk$:::::":HP9133,700,O" 
4234 GOTO Disk_selected 
4236 Fl oppy9133: Outd i sk$=" : HF'9133, 702, I)" 
4238 Disk_selected:OFF KEY 
4240 Pr-int_diskdr-ive: ! 
4242 PRINT TABXY(62,17);Outdisk$ 
4244 RETURN 
4246 
4248 ! ////////////////////////////////////////////////////// ////1/ 

4250 
SUBEND 

4254 
4256 ****~******************************************************* 
4258 
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100~ nr'-STOF,{E "MODE STIR" 
102 Origir,al: 2? MC'ty 1984, G. Koepl: €", NBS (:.:;0:::',) 497-5766 
104 Revision: 02 Oct 1985 

,1\ lOb 

108 The program is currently confiqured as follows: 

11 I) 1) Read diode detector on DVM i [722J (Horn antenna) 

11:2 Calibrate this re2ding via diode calibration 
114 and normalize to 10 mW/cmA2 referenced to the 
116 enerqy calculated via reference antenna as readI 

I 	 118 on the spectrum analyzer. 
120 
122 2} Read lcm dipole output on DVM 2 [723J and DVM 3 [724] 
124 This is the EUT for the measurement. 
126 Calibrate via calibration curve and 
128 normalize to 37 dB Vim as calculated from 
130 reference received power. 
1.,..·-,...:,...:
134 3) In the event of failure to complete revolution 
136 the program will modify sample count to compensate. 
138 
140 4) Parameters set for NBS chamber. 
142 
144 5) Save data i disabled, nE'c2ds to be t,lpdated for' GHAPH_DATA 
146 
148 
150 

152 CHECI:: ALL CABLES AND PAD F-'L ACEI'1E I'rr S ;--.;::,z:-:::====::-::-,= 


Il 	 154 
15b !This measurement routine will operate the REVERBERATION CHAMBER 
158 !using MODE STIRED techniques. The tuner is stepped continuously 
160 !2nd measurements are performed asy~cronusly. In this version each 
162 !frequency is measured completely before proceeding 
164 !to the next frequency. 
166 !Coupler, cable loss, and Power meter head corrections are applied 
168 !immediately to the measured data. 
170 !Tha statistical results are saved for graphing. 
172 
174 
176 OPTION BASE 1 
178 DEG 
180 PF~ I N T EH 1 S 1 
182 OUTPU r 2 US INC] ":<. #". "SCHATCH KEYX" 
184 DISP CHR~t (129) 
186 
188 GOSUD Die.~racefully !For a clean slate. 
17U GOGUS Dimyariable3 
192 GOSUB Initial yaluesII 
194 GOSUS Fillcalibration 
196 GOGLID Do.measur ment 
1'7l3 GOSUB D1 e __Qi··i.K2 ull V 

200 DISF' II F-' Fmm;:;:, 1'1 F rnSHED" 
2(J~: STOF 
204 
200 !/// //II!!/!I/I!;I!/I**~*DIMENGI0N ~(IRIADLES****! III/III!IIIII 
208 
210 Di nl ..."var j <'Ib 1as: ) 
212 COM IParametersl Start f , St()p·f , St epf ,Sl oW ...doI'JrJ , Coup I el~ __i d:t [ 10 J 
214 COM IParametersl Generator_~d~[10J,DYm_integrat:t[3J 
216 COM /Parameters/ HHEGEF': Lov./. dbm,Highdbm,Step_dbm,Dvm_samples 
218 COM IParametersl Upper 1 i mi t , Th,eshol.::j, Rev_.t i me 
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:'::'1) 

2~2 

224 

2:26 
2:.;:'8 

230 

232 

2:::~4 

236 


240 

242 

244 

246 

248 

250 

252 

254 

256 

258 

260 

262 

264 

266 

268 

270 

272 

274 

276 

278 

280 

282 

284 

286 

288 

290 

292 

.294 

'296 

298 

300 

302 

304 

306 

308 

310 

312 

314 

316 

318 

3:)() 
..",-.r; -.. ,..;...~ 
3~4 

326 

3~:'8 
3:30 
3~·2 
334 

336 

3::;·8 


con lMoto:- )Tlenu/ Motion_type:t[lOJ,ItHEGER .109.Y-l,,,it 

COM !Bugs! INTEGER Bugl,Bug2.Bug3,Printer 

CUM IlntQrrupts/ IN1EGER Intr_prty 

CDl1./Files/ SOLtrcedlsl.::t[20J.Outdisk:tC20J,Filename$CSOJ 


DIM Coup_inc(100~2) ,CoUP.ref1 (100,2) ,Daddata_id:t(10) [SOJ 

DIM Cable6a(180,2) ,Cable6b(180,2),Cable4(180,2) ,Cablel0ft(180,2) 

DIM F'<:,(1_a::6c::\(180,2) ,Pad_sb770(180,L) ,F'ad_f~.5~:'0(IS0,2) 


DIM N~vjc (180,2) ! NSWC CABLE DATA 


DIM Cal_id$L80J,Ab$[2J,Pwr_id:tl2J,Test$[40J 

INTEGER Baddata,Dbm,Rf_on_off 

INTEGER Failflaq 

INTEGER Val i d, Total freqs, Total curves, Set- -poll 

INTEGER Printtlag,Readlflag,Read2flag,Movingflag,Padl0db 


INTEGER Nswc-pts 

INTEGER Inc-pts,ReFl_.pts,C6a_pts 

INTEGER C6b_pts. C4-pts, CI0-pts, Pada_.pts, Pad-pts, Padf -pts 

INTEGER FcoLlnt,Too_hot,Printflag2 

INTEGEFi: Local_prt y, P_sams, P, Dvml_sams, Dvm2_sams 


RETUf\:N 

!////III///i/I/II****INITIALIZE VARIABLES & 110****1/11111111111 

Initial values: 

ASSIGN @Motot- TO 706 

ASSIGN @Pwrl TO 709 

ASSIGN @F'wr2 TO 710 

ASSIGN @[lLlal-pwrl TO 711 

ASSIGN @Spectrum TO 718 

ASSIGN @Dvml TO 722 

ASSIGN @Dvm2 TO 723 

ASSIGN @Dvm3 TO 724 

ASSIGN @Si 9_.gen TO 719 


Intt- .5'rty=6 
Local."prty=Intr_prty 
Printer=701 
Sourcedis!::$=":INTERNAL,4,0" 
Outdis!::$=":lNTERNAL,4,1" 

Printflag=O 

Bugl=O 

Dug 2::::-: (I 

Buq:::,:-~O 

Rf .. 01"1. •.0·1 f=1 

CALL Measure_menu 

Dvm 1 __sams=Dvill_samp 1es 

Dvm2_.sams=Dvm_samp 1 es 

CALL Menu-pwr436.:\ 

GOSUB Di e._grac£?full y 


!or "STEP" for MODE TUNED • 

! l=on, O=off 

!Go .:\nd set up the me.:\surement parameters. 

!Set up .:\11 power meters 
!For .:\ cle.:\n sl.:\te. 
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iii 

, 

i,1 

" 

::::040 
:342 
3 1+4

:1\ 346 
348 
35() 
352 
3=14 
356I if 
3:58 
360 
362 
364 
366 
368 
370 
372 
374 
376 
378 
380 
382 
384 
386 
388 
390 
392 

til ;:.94 

I, 396 

il ::::88 
400 
402 
404 
406 
408 
410 
412 
414 
416 
418 
420 
422 
424 
426 
428 
430 
4 ..,..·..' ._\.~ 

4:~;4 

4::'~6 

438 
440 
442 
444 
446 
448 
450 
4 """,_I.'::' 

4~/t 

456 
458 

--·---·-·--·--ALLOCATE THE RAW DATA MATRIX----------------- 
Totalfreqs=INT(lStopf-Startf)/Stepf)+l 

TotalcurveQ=6 

ALLUCA'IE SaveriataCTotalfreqs,Totalcurves+l) 

ALLOCATE Adjust(Totalfreqs,10) 

I ____ .,_~_._w_. 

PRIt,n ER IS CRT 
F'RUH 1ABx\'(1,18);RPT$("*",20);" LOAD SUB PROGRAMS 
Filename$=Generator_id$~Sourcedisk$ 

DISP "Insert 'SUB Program/SLlpport DATA' disk in "; 

SELECT Sourcedisk$ 

CASE u:INTERNAL,4,O" 


DISP uRIGHT DRIVE, u; 
CASE" : I NTEF,NAL , 4· , 1" 

DISF' "LEFT DRIVE, u; 

U;RPT$("*",2:)) 

END SELECT 
DISP uand hit 
BEEP 
ON n::y 5 LABEL 

Zippy:GOTO Zippy 
SLlbloads:OFF KEY 

DISP CHRt(12) 
DISP U Signal 
ON ERROR CALL 

'CONTINUE'.u 

"CONTINUEu,LocalJlrty GOTO SLlbloads 

Gener':;'.tor SUB PROGRAMS NOtlJ LOADING U 
Errortrap 

LOADSUB ALL FROM Filename$ 

OFF ERr;;OR 

DISP .. Signal Generator SUB PROGRAMS LOADED II 


WAIT 1 


PRIN1 TABXY(1,18);RPT$("*",20);" LOAD CALIBRATION DATA ";FWT:$·("*",20) 
DISF' Calibra,tion DATA for Cables, COLlplers, Pads, etc. now LDADING IIII 

lnstall_cal_fl:! •••• Install new calibration files here •••• 

IF Printflag THEN PRINTER IS Printer 

IF Pr-int'flag THEN PRINT "CALIBRATION DATA FOR THE FOLLOt>JING IS LOADED:" 

SELECT COLlpler_id$ 

CASE 

CASE 

CASE 

"HP.J78D" 
Fi 1 ename$="HP_778D_f "~{SoLlrcedi sk$ 
Entel~ _.cal d~.ta (Fi 1 ename$ ,Coup _i nc (*) , Cal_i d$, Incyts) 
Baddata_Jd$(l)=Cal_id$ 
IF Printflag THEN PRINT Cal_id$ 
Fi 1 ename:t="HF'_778D_r "~",Sourcedi sk$ 
Entel~ _.caldata(Filename$,CoLlp_refl (*) ,Cal_id:t,Refl_pts) 
8addata_id$(2):Cal_)d$ 
IF Pr·intflag THEN F'RINT Cal._id:t 

"HP ... 11692D" 
Fi I enam(?$=" HP 1169:~D.._f .. ~';::30urc",,:d i ':sk$ 
lr-,ter_c2d data (F i 1 en;'-1flH~:t, Coup _i nc (*) , Cal_.l d$ , I nc....pts) 
Baddata_id$(l)=Cal_idS 
IF Printflag THEN PRINT Cal_idS 
Fi lenarne:t="HP11692D_r-"~<Sourcedi sk$ 
Ent.er __cell data (Ft I ename$, COLIP.fef 1 (*) ,Cal,) d$, Hef I Jlts) 
8addata_id$(2)=Cal_Jd$ 
IF Printflag THEN PRINl Cal_idS 

ELSE 
PF:HH "COUF'LEr.: CALIBRA1ION D()TA E.RROR ••••• NOT DEFINED." 
BEEP 
P(,USE 

J 
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460 END SELECr 

462
464 1 ________________________________ •____________________------

466 
468 Fi 1 ename:f:="Cabl e6FT_l .. ~~SoL\t-cedi sk$ 
470 Enter_caldata(Filename$,Cable6a(*' ,Cal_id$,C6a_pts) 
472 Haddat2'<..~i d$ (3) =Cal_.i d$ 
474 IF Prlntflag THEN PRINT Cal_id$ 
476 
478 Fi 1. ename$="Cab I e6FT_6"~<Sourcedi sk$ 
480 EnteJ~._._ca.l data (Fi 1 ename$, Ca.bl ebb <*) ,Cal __ i d't-, C6b_..pts' 
482 Baddata_id$(4)=Cal_id$ 
484 IF Printflag THEN PRINT Cal_id$ 
486 
488 Fi 1ename$= "Cabl e4FT __2"~t.Sourcedi E.lc$ 
490 Enter __cal data (Fi 1ename$, Cabl e4 <*) ,Cal_i d:f:, C4_pts) 
492 Baddata_id$(5)=Cal_id$ 
494 IF Printflag THEN PRINT Cal_idS 
4«7'6 
498 Fi I ename$="Cabl el0F_5"~<Sourcedi sk$ 
500 Entel~._cal data (Fi 1 ename$, Cabl el0f t (.) , Cal_i d:f:, Cl0J)ts) 
502 Baddata_id$(6)=Cal_id$ 
504 IF Printflag THEN PRINT Cal_idS 
506 
508 Fi 1 ename$="PAD_S6770"~(Sourcedi sk$ 
510 Enter_,cal data (Fi 1 enameS, F'ad_s6770 (.) ,Cal_i d$, PadJ)ts) 
512 Baddata_id$(7)=Cal_id$ 
514 IF Printflag THEN PRINT Cal_idS 
516 
518 Fi 1 enameS::7."PAD_5530"8(Sourcedi sk$ 
520 Enter __,cal data (Fi I ename$, F'ad_f5530 (*) , Cal_i dS, Pa.df .-pts) 
522 Baddata_id$(8)=Cal_~d$ 

524 IF Printflag THEN PRINT Cal_idS 
526 
528 Fi I ename$="PdAS6A1466"~t.SoL!rcedi sk$ 
530 Enter_caldata(Filename$,F'ad_as6a(*) ,Cal_idS,F'ada_pts) 
:;32 Baddata_id$(9)=Cal_id$ 
534 IF Printflag THEN PRINT Cal_idS 
536 
538 Filename$="PdASbA1466" 
540 Filename$=Filename$&Sourcedisk$ 
542 Enter _.caldatadFi lename$,Nswc <*) ,Cal_id$,Nswc-pts) 
544 Baddata_idS(10)=Cal_idS 
546 IF Printflag THEN PRINT Cal id$ 
548 DISP " Cal i bration D?iTA LOADED .. 
5~jO WAIT 1 
55:2 F'F: I NTER I S CRT 

554 CALL I!Jipe_clean 

556 

558 !------------------------------------------------------------
560 
562 [lISP" INSER-r OU1F'UT DATA DIS~~: IN "; 

564 SELECT Outdisk$ 

566 CASE. ":IN1ERNAL,4,O" 

568 DISP "RIGHT DRIVE, "; 

570 CASE ":INTERNAL,4,1" 

572 DISP "LEFT DRIVE, "; 

574 END SELECT 

576 DISF' "and hit 'CONTINUE'." 

578 BEEF' 
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580 ON KEY 5 LABEL "CONTINUE",Local_prty GOTO Datasaver 
582 Zippity:G010 Zippity 
584 Data:;~ver:OFF KEY 
586 DISP CHRS(12) 
588 
590 RETURN 
592 
594 !I/II//II/I/IIII/I/II//I/II/****DIE GRACEFULLY*.*.IIIIII///IIIIIII 
596 
598 Die_gracefully: 

600 IF Bug1 THEN 

602 PRINT TIME$(TIMEDATE); 

604 PRINT RF:'TS ("<" f 15) ; 1\ DIE GRACEFULLY II J RPT$ ( .. >" f 15) 

606 END IF 

608 ON ERROR GOTO Delet_donel 

610 SELECT Generator_idS 

612 CASE II HF' _.8660A" 

614 DELSUB Set_freq,Set_dbm,FNDigitl0$,FNDigit3$,FNRev$ 

616 CASE "HP_8672A" 

618 DELSUB Set_freq,Set_dbm 

620 END SELECT 

622 Del et_donel: 

624 OFF ERROR 

626 ON ERROR GOTO Delet_done2 

628 DEALLOCATE Saveda.ta(*> ,AdJust(*, 

630 Delet_done2: 

632 OFF ERROR 

634 RETURN 

636 

638 ! 11111111/11111/1//11/1/11111111111/11/111111//111//1/111111/ 
640 
642 Fillcalibration: !Determine the cable, coupler and pad calibration 
644 Ivalues for each frequency. 
646 !Save these in the adjust(*) file for use by the 
648 !measurement routine. 
650 
652 IF Bug1 THEN 
654 PRINT TIMES(TIMEDATE); 
656 PRINT RPTS("<",15);" FILL CALIBRATION MATRIX U;RPT$(">",15) 
658 END IF 
660 FcoLlnt=l 
662 FOR Frequency=Startf TO Stopf STEP Stepf 
664 Get_cal_value(Frequency,Coupinc,Coup_inc (*> ,Baddata, Inc-pts) 
666 IF Baddata THEN 
668 Cal_idS=Baddata_id$(l) 
670 GOSUB Flagbaddata 
672 END IF 
674 AdjustCFcount,I)=Coupinc 
676 
678 Set._cal_yallie (Freqw,mcy,CoLlprefl ,CoLlp_refl (*) ,Baddata,Refl"..;:,t:;) 
680 IF Baddata TIiEN 
682 Cal_id$=Baddata_id$(2) 
684 GOSUE Flagbaddata 
686 END IF 
688 AdjustCFcount,2)=Couprefl 
69(1 
692 Get_cal_val LIe (FreqLlency ~ C6a_l oss, Cabl e6a (,It-) , Badd ... ta, C6a•..pt£) 
694 IF Baddata THEN 
696 Cal_id$=Baddata_id$(3) 
698 GOSUB Flagbaddata 
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700 END IF 
702 AdJustCFcount,3)=C6a_Joss 
704 
706 Get __cal_yal ue <FreqLlency, C6b_l oss, Cabl ebb (*) ,E1addata, C6b..,.pts) 
708 IF Baddata THEN 
710 Cal id$=Baddata_id$(4) 
712 GOSUB Flagbaddata 
714 END IF 
716 AdJust (Fcount,4)=C6b_loss 
718 
720 Get_cal_val ue (FreqLlency, C4_1 oss, Cabl e4 (*) , Baddata, C4..,.pts} 
722 IF Baddata THEN 
724 Cal_id$=Baddata_id$(5) 
726 BOSUB Flagbaddata 
728 END IF 
730 AdjLISt (Fcount, 5) =C4_1 oss 
732 
734 Bet_cal_valueCFrequency,C10_1oss,Cablel0ft(*),Baddata,CI0..,.pts) 
736 IF Baddata THEN 
738 Cal_id$=Baddata_id$(6) 
740 BOSUB Flagbaddata 
742 END IF 
744 AdJust (Fcount,6)=CI0_loss 
746 
748 Get_cal_value(Frequency,Pad_loss,Pad_s6770(*),Baddata,Pad..,.pts) 
750 IF Baddata THEN 
752 Cal_Jd$=Baddata_id$(7) 
754 BOSUB Flagbaddata 
756 END IF 
758 AdJustCFcount,7)=Pad_loss 
760 
762 Get_cal_value(Frequency,Padf_loss,Pad_f5530(*),Baddata,Padf..,.pts) 
764 IF Baddata THEN 
766 Cal_id$=Baddata_id$(8) 
768 BOSUB Flagbaddata 
770 END IF 
772 Adjust (Fcount,8)=Padf_loss 
774 
776 Bet_cal_value(Frequency,Pada_loss,Pad_as6a( .... ),Baddata,Pada..,.pts) 
778 IF Baddata THEN 
780 Cal_id$=Baddata_id$(9) 
782 BOSUB Flagbaddata 
784 END IF 
786 Adjust(Fcount,9)=P~da_Joss 

788 
790 Get_cal_..val ue (Frequency, Nswc_.l oss, Nswc (*> , Baddata, Nswc..,.pts) 
792 IF Baddata THEN 
794 Cal_id$=Baddata_id$CI0) 
796 BOSUB Flagbaddata 
798 ENu IF 
800 Adjust (Fcount, 10) =l'lswc_1 oss 
802 
804 Fcount=Fcount+1 
806 NEXT Frequency 
808 BOSUB Printcalvalues 
810 RETUF~N 
812 
814 ! IIIIII/IIIII/****FLAG BAD DATA****IIIIIIIIIIIIIIIIIIIIIIIII/ 
816 
818 Flagbaddata: !Inform the operator that there is wrong data 
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820 ~ bei nq brought back from Entet- .. ,cal __dat"" 
822 
824 PRINTER IS CRT 
8::'6 PRII·J r 'IADXY (1,]8); 
8:.:8 PRINl RPf:t("*",lO);" CALIBRP,TION DA1A out of range for ";Frequencv; 
8::,(1 PRII'H ., 11Hz ";RPT:!:("*",lO) 
8~J2 DISF' Ci:.l.id:t 
8:54 BEEP 

836 P{~USE 


838 PRINT TABXY(1,18); 

BLIO PRINl RPT:tC"*",10);" CP,LIBF\ATION VALUE OF (I dB WILL BE USED "; 

842 PRUIT RF'T$ (IIiI''', 10) 

844 WAIT 3 

846 PRINT H)8X'{ (1,18) ; RPT:f (" II ,80) 

84:3 D I 81~;- CHR$ ( 12) 

8~IO RETUF,N 

852 

854 //////////////////////////////////////////1////1//////////1/ 

856 
858 Printc""lvalues: ~MAKE LIST OF CALIBRATION VALUES USED. 
860 
862 PRINTER IS Printer 
864 PRINT 
866 PRINT RPT$("*",24);" CALIBRATION I LOSS VALUES (dB) ";RPT$("*",24) 
868 PRINT 

II •870 PRINT "Frequency COl..lpler BLUE CABLES , 
872 PRINT II 86770 F5530 ASA6A TEST" 
874 PRINT" MHz Inc Refl 6ft#1 6ft#6 4ft 10f t .. ; 
876 PR I NT p~.d pad pad Cbl"II 

878 Lossfmtl:IMAGE M5D.D,X,4(MDD.DD) ,# 
880 Lossfmt2:IMAGE 3(MDD.DDJ,2(MDD.DD,X),# 
882 Lossfmt3:IMAGE MDD.DD 
884 Fcount=1 
886 FOR Frequency=Startf TO Stopf STEP Stepf 
888 Coupinc=10*LGT(Adjust(Fcount,1» !Coupler incident 
890 Couprefl=10*LGT(AdjustCFcount,2» !Coupler reflected 
892 C6a_)oss=lO*LGT(Adjust(Fcount,3» !6 foot BLUE cable #1 
894 C6b_loss=lO*LGTCAdjust(Fcount,4» !6 foot BLUE cable #6 
896 C4_10ss=10*LGT(Adjust(Fcount,5» !4 foot BLUE cables 
898 C10._loss=10*LGTCAdjl..lst(Fcount,6» !10 foot BLUE cables 
900 Pad_Ioss=10*LGT(AdjustCFcount,7» !Weinsc:hel S6770 lOdB pad 
902 Padf_loss=10*LGT(Adjust(Fcount,8» !Weinschel F5530 lOdB pad 
904 Pada_Ioss=10*LGT(Adjust(Fcount,9» !Weinschel AS6A-1466 lOdS 
906 Nswc_loss=lO*LGT(Adjust(Fcount,10» !NSWC input cable 
908 PRINT USING Lossfmtl;Frequency,Coupinc,Couprefl,C6a_loss,C6b_loss 
910 PRINT USING Lossfmt2;C4_1oss,Cl0_loss,Pad_loss,Padf_loss,Pada_loss 
912 PRINT USING Lossfmt3;Nswc_loss 
914 Fcount=Fcount+1 
916 NEXT Frequency 
918 PRINT 
920 PF< I NT RF'T:t ( "iI'" ,80) 
9~2 PF,INT USING "4/" 
924 PR I tHEf~ I8 ern 
926 F\E £'URN 
928 
930 
932 !IIIIIII/IIII/IIIIIIII****PERFORM MEASUREMENTS****IIIIIIIIII/IIII 
934 
936 Do_mei:lsurernents: 
9~!,8 
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940 F'RIN1ER IS 1 
942 Fcount=1 
944 Dbm=Low_dbm !Initialize the Generator Level 
946 Frequency=Startf !Initialize first frequency. 
948 BEEF' 
950 ! INPUT "ENTER THE RANGE SET ON THE 1 cm DIPOLE AMPLIFIEf;:",P1cm_sccde 
952 ! DISP CHR:.t (12) 
954 Plcm scale=.l 
956 Initializemotor(@Motor) 
958 Zeromotor(@Motor) 
960 
962 REPEAT 
964 
966 !Initial values and zeroing 
968 
970 !Calibration data for all cables, probes, & powet- heads. 
972 
974 Pwrmtrcall=FNPwrmtrcall«Frequency» ! 188Hz HEAD. 
976 Pwrmtrca12=FNPwrmtrca12CCFrequency» !26 GHz HEAD. 
978 
980 Coupinc=AdjustCFcount,l) !Coupler incident 
982 Couprefl=AdjustCFcount,2) !Coupler reflected 
984 C6s_loss=AdjustCFcount,3) 16 foot BLUE cable #1 
986 C6b __l oss=AdjLlst CFcount, 4) !6 foot BLUE cable #6 rcvr. 
988 C4_loss=AdjustCFcount,5) !4 foot BLUE cable 
990 C10_loss=AdjustCFcount,b) !10 foot BLUE cable 
992 Pad_l oss=Adjust CFCOLlnt, 7) !Weinschel 56770 10dB pad 
994 Padf_Ioss=AdjustCFcount,8) !Weinschel F5530 10dB pad 
996 Pad.c~ __loss=Adjust (Fcount,9) !Weinschel A56A-1466 lOdB 
998 Nswc_)oss=AdjustCFcount,lO> !NSWC input cable 
1000 
10(>2 Dvm l __sams=Dvm_samp I es !The measurement will be attempted at 
1004 Dvm2_sams=Dvm_samples !the predicted number of samples first. 
1006 !These will be adjusted if failure occurs. 
1008 Failflag=O 
1010 
1012 Restart: !Any failure on this measurement causes branch to here. 
1014 Set_dbm C-140,Rf _on_off ,@Sig_gen) 
1016 Set_freq CFrequency,@Sig_gen) 
1018 Initializemotor(@Motor) 
1020 
1022 D I SP CHR:.t C12) 
1024 
1026' 5etdcv3456a(@Dvml) 
1028 ReaddvmCEut_zero,@Dvml) 
1030 5etdcv3456aC@Dvm2> 
1032 Readdvm(P1cm_zero,@Dvm2) 
1034 
1036 Setdvm_3456a C@Dvml , Dvm_) nt eg'-at:t, Dvm 1_sams) 
1038 Setdvm __3456a (@Dvm2, D-.,Iffi_i nteqrat:t, Dvm2_sams) 
1040 Setdvm_3478a(@Dvm3) 
1042 
1044 
1046 
1048 
1050 Ab:.t="AB" 
1052 CALL Zero _43821 (@DLlal._pwr 1, Ab:t) 
1054 
1056 IF NOT Failflag THEN 
1058 Dbm=Low_dbm 
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1060 Movemotcr(@Motor) 
1062 PR I N r CHF::t ( 12) 
1064 PRINT T,ciE:X\ ~ 1,3); TIME$ <TIMEDATE); "***'************"; 
1066 PRINT .. FREQUEI'ICY "; F:requel1cy; II MHz. *******'It****'lt*'lt'' 
1068 PRINT TAE:XY (1,5); "FINDING THF~ESHOLD VALUE dBm=" 
1070 PRINT f(~BX'(:36,5);" Average EUT RESPONSE= It 

1072 LOOP 
1074 Set_dbm (Dbm, Rf _.on_of f ,@Si g __gen) 
1076 Vave=O. 
1078 FOR Bams=1 10 30 
1080 Readdvm_3478aC@Dvm3,V) 
1082 V=V-Plcm_.zero 
1084 Vave=Vave+V 
1086 NEXT Sams 
1088 \lave=Vave/40 
1090 PRINT TABXY(30,5}; 
1092 F'RINT USING "50"; Dbm 
1094 PRINT TABXY(60,5); 
1096 PRINT USING "30.80";Vave 
1098 EXIT IF Vave)=Thr€:.'shold OR Dbm>=High_dbm 
1100 Dbm=Dbm+Step_~bm 

1102 END LOOP 
1104 Stop_motor (@t1otor) 
1106 ELSE 
1108 Set_dbmCDbm,Rf_on_off,@Sig_gen) 
1110 END IF 
1112 Failflag=1 
1114 
1116 Trigger measurement 
1118 
1120 DISP CHR:t (12) 
1122 Restart-point2: ! 
1124 Ab$="AB" 
1126 CALL Read_dual-pwr (Ab$, Apower , Bpower, Too_hot, Val i d, @DLlal-Pl~r 1) 
1128 IF Too_hot THEN 
1130 GOBUB RedLlce-power 
1132 GOTO Resta,rt."'point2 
1134 END IFII 

~l 

1136 IF NOT Valid AND NOT Too_hot THEN GOSUB Dual-pwr_error 

1138 IF Apower(O. THEN Apower=O. 

1140 IF Bpower(O. THEN Bpower=O. 


I, 


1142 Incpwr _raw=Apowel~ 


1144 Refpwr_raw=Bpower 

1146 

1148 ! •••• Sequence for reading 436a Power meters •.••••••.••••••.• 

1150 Pwr _)d:t="Pl" 

1152 Read-pwr _meter (Power, PWt" _i d$, VCI,l i d,@Pwr 1, @Sig_gen) 

1154 IF NOT Valid THEN 

11 ::,6 DISF' "EFROF\ IN 436a POWER METER I" 

1158 BEEP 

1160 F-'AUSE 

1162 END IF 

1164 
 ................................... " ...... " ...................... II ... l1li 


~I 
1166 Incpwr=Incpwr_raw 
1168 Incpwr=Incpwr*Coupinc*Pwrmtrcall/(C6b_loss) !Inc power at ANT 
1170 Refpwr=Refpwr_raw*Couprefl*Pwrmtrcall*C6b_loss !Refl pwr at ANT 
1172 Netpower=CIncpwr-Refpwr) 
1174 
1176 PRINT TIME$(TIMEDATE); 
1178 PRINT "**** START NEW MEASURMENT AT FREQUENCY ";Frequency 

~ 
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1180 
1182 
1184 
1186 
1188 
1190 
1192 
1194 
1196 
1198 
1200 
1202 
1204 
1206 
120B 
1210 
1212 
1214 
1216 
1218 
1220 
1222 
1224 
1226 
1228 
1230 
1232 
1234 
1236 
1238 
1240 
1242 
1244 
1246 
1248 
1250 
1252 
1254 
1256 
1258 Spy: 
1260 
1262 
1264 
1266 
1268 
1270 
1272 
1274 
1T?6 
1278 
1280 
1282 
1284 
1286 
1288 
1290 
1292 
1294 
1296 
1298 

ON INTR 7 f:lOSUB Ched:_dvfn __done 
ENABLE INTR 7;2 
Movemotor(@Motor) 
IF BL_gl THE:,N PRINT "DVM1 trigger U;TIME$<TIMEDATE); II "; 

Trig1_time=TIMEDATE 
Trigger_3456a l @Dvm1) 
IF Bugl THEN PRINT "DVM2 trigger ";TIME$(TIMEDATE);" "; 
1 r i g2_,t i me=T I MEDATE 
Trigger_3456a(@Dvm2) 
Spec __ al::: r- _star-t (Fn"'quency,@Spectrum) 
IF Bug1 THB\I PRINT "TRIGGER ANALYZER u;TIME:t<TIMEDATE) 
Readlflag=O 
Read2flag=O 
Vpeak=O 
LOOP 

Readdvm_3478a(@Dvm3,V) 

V=V-Plcm_zero 

IF V>=Upperlimit THEN 


Stop_motor-(@Motor-) 
REPEAT 

Dbm=Dbm-Step __dbm 
Set_dbm(Dbm,Rf_on_off,@Sig_gen) 
WAIT Slow_down 
Readdvm_3478a(@Dvm3,V) 
V=V-Plcm_zer-o 
BEEP 
PR INT "EUT MAX I MUM EXCEEDED **** POWER DECF<EASED TO "; 
PRINT Dbm;" dBm." 

UNTIL V<Upperlimit 

OFF INTR 7 

GOTO Restat-t 


END IF 

Checkmotor(@Motor,Movingflag) 

IF NOT Movingflag THEN 


PRINT "MOTOR NOT MOVING********DATA BAD" 
GO TO Restar-t 

END IF 
IF V>Vpeak THEN Vpeak=V 
Countdown=Rev_t i me- <T IMEDATE-Tr-i 9 l_ti me) 
IMAGE M4D.D," Seconds left, EUT mV=",M6D.2D," / ",M6D.2D," 
DISP USING Spy;Countdown,V*1000,Vpeak*1000 

EXIT IF Read1flag AND Read2flag 
END LOOP 
!===============~========================~= 

! Make sure that the cor-r-ect voltmeters ar-e connected for- this test! 
! IF (Vpeak+Eut_zet-o) >Hi gh2 THEN Hi gh2=Vpeak+Eut __zet-o 
!==============~=============~============= 

OFF INTR 7 
Fai 1 f I aq'::O 

! Insure succe~sfLll (syncr-onized tLmer and dvms) measurement. 

IF (F~C'ad1. ..,time<.98lfRev_time) on (Read1 __time>I.02*Rev_time) THEN 
Dvm l_.sams= INT ( (Rev_t i me/Read l __t i me) *Dvml_,sams) 
F'RINT "Dvm 1 NOT syncr-onized with TUNEFi: REVOLUTION. "; 
PRINT "Changing samples to ";Dvm1_sams 
Failflag=1 

END IF 
IF (Read2_time<.98*Rev_time) OR (Read2_time>I.02*Rev_time) THEN 

Dvm2_sams=INT ( (Rev__ti me/Read2_ti me) *Dvm2 __sams) 
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1300 
1302 
1:::".04 
1306 
1308 
1310 
1312 
1314 
1316 
1318 
1.320 
1322 
1324 
1326 
1328 
1330 
1332 
1334 
1336 
1338 
1340 
1342 
1344 
1346 

I 
I 1348 

1350 
1352 
1354 

,I' I 	 1~$56 

\ ' 	 1358 
1360 
1362 
1364 
1366 
1368 
1370 
1372 
1374 
1376 
13713 
1380 
1382 
1384 
1386 
1388 
1390 
1392 
1:;',94 
1396 
1398 
1400 
1402 
1404 
1406 
1408 
1410 
1412 
1414 
1416 
1418 

;1 
;~ 

\ 
" 

PRINI "Dvm 2 NOT syncronizE"d with TUNER 
F'RINr "Changing samples to ";Dvm2_.sams 
Fai lflag=1 

END 	 IF 
IFF	a i If I ag THEN 


Stop_motor(@Motor) 

GOlD Restart 


END 	 IF 
Spec_al zr _read (Power, Freql_lency, @Spectrum) 
PRINT "SPECTRUM ANALYZER READS ";Power;" AT 
Stop _motol- (@Motor) 
Set_dbm (-140, Rf _on __off ,@Sig_gen) 

GOSUE Process__data 

GOSUB Print_alldata 


Frequency=Frequency+Stepf 
FcoLtnt=Fcount +1 

UNTIL Frequency>Stopf 
! 
Set_dbm(-140,O,@Sig_gen) 
! GOSUB Save_data 
RETURN 

REVOLUTION. "; 

FREQUENCY ";Ft··eqLlency 

//////////////////////////////////////////////////////////// 

RedLice-power: 
Dbm=Dbm-1 
Set_dbm(Dbm,1,@Sig_gen) 
IF Printflag THEN 

PRINTER IS Printer 
F'RINT TIME$(TIMEDATE); ": 
PRINT RPT$("*1,10);" NEW 

END IF 

RETURN 


Freq=";FreqLlency; 
GENERATOR LEVEL =";Dbm 

//////////////////////////////////////////////////////////// 

Dual-pwr_error: 
Set __dbm (-140, (I, @Sig_gen) 
IF Printflag THEN 

PRINTER IS Printer 
PF,INT TIME$ (TIMEDATE) ; ": 
PRINT RPT$(I*",10);" ERROR 

END IF 
STOP Program dies here! 
RETURN 

Freq="; Frequency; 

IN DUAL POWER METER!!!" 


!///////////////////SERVICE DVM'S INTERUPT////////////////////////// 

Chec k __dvm_done: 
'Respond to an INTERUPT on the HPIB generated by Dne of 
!two HP3456a DVMs. Meaning that the data is ready. 

Ser-poll=SPOLL(@Dvm1) 

ENABLE INTR 7 

IF Ser-poll=66 THEN 


Read1_time=TIMEDATE-Trig1_time 

IF Bug1 THEN PRINT "DVM1 total sample time ";Readl_time;" "; 

IF Bug1 THEN PRINT TIME$(TIMEDATE) 
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1420 
1422 ! ................................................. "' ••••••••••• 
1424 !Si nee the output of the cfetectot- is negati ve, Low and Hi gh at"e 
1426 ! s\\-Japped. 
1428 Readdvm~_stat(@Dvm1,High1,Lowl,Me~n1,Varl,Sam1) !Low and High 51-lapped! 
1430 ! " " " " " " " • " " •. 11 " • " " " " • " • " " • " " " " II • " •• " " " .. " " " " " " " .. " • " " " " " " " " " " " " 

1432 
1434 Lowl=-1*Low1 !Crystal detector has negative output 
1436 High1=--1*High1 
1438 Mean 1 1*Me"m 1 
1440 PRINT DVM 1====" ,Lowl ,High1 ,Mean1 ,VCl.r1 ,Sam1II 

1442 Read 1f 1 ag= 1 
1444 END IF 
1446 Ser-'poll:;::SPOLL(@Dvm2) 
1448 ENABLE INTR 7 
1450 IF Ser-'poll=66 THEN 
1452 Read2_ti me=TIMEDATE-Tr i g2,_ti me 
1454 IF Bug1 THEN F'Rnn "DVM2 total sample· time = ";Read2_time;" u; 
1456 IF Bugl THEN PRINT TIME$(TIMEDATE) 
1458 Readdvffi_stat(@Dvm2,Low2,High2,Mean2,Var2,Sam2) 
1460 PRINT DVM 2===::",Low2,High2,Mean2,Var2,Sam2II 

1462 Read2f1ag=1 
1464 END IF 
1466 RETUF:N 
1468 
1470 !/////////////////****PROCESS DATA****/////1/////////////////////// 
1472 
1474 Process,_,_data: 
1476 
1478 !Calcu1ations for power read from spectrum analyzer. 
1480 
1482 Power=(.001)*10 A (Power/10.) !Convert dBm to watts. 
1484 Cor -'power=Power*C1 0,_1 oss~C6a_l oss*F'CI,da_l oss 
1486 ! " " " " " " " " " " " " " • " " " " to " " " .. " " " " " til " " " • " " " " " " " " " "• • " • .. " " " " " " " " " " " 

1488 !ALSO EDIT PRINT STATEMENT IN LINE 1620 
1490 
1492 !Normalize to 10 mW/cmA 2 
1494 
1496 Ref -'pWt- _den= (. 4*PI*Frequency*Frequency*Cor-'power) /9. OE+4 
1498 Norma1-.pwr=SQR (HI/Ref -'pWI~_den) 
1500 ! " ..................... " • " " " " .. " " " ..... II ...... " ..... " •• " " .... " • '" ......... .)I 111 

1502 !Norma1ize to 37 dB Vim 
1504 
1506 Ref _e_f i e1 d= (4*PI *Frequency/300) *SQR (Cor -'pol-.Jer-M'30) 
1508 Normal __fld=( «lO.(!""'(37/20» IRef _e_fie1d» 
1510 ~ ..... " ......... " " ...... " .......... " " " • " " " " " ....... II •• " ........ " .. " ................... .. 


1512 !Calcu1ations for CRYSTAL detector with 6 ft cable. 
1514 
1516 Cor._h i qh 1= (Hi gh l-E(Jt_zero) 
1518 Cor _mea.,n 1:::: (Mea.n l-Eut_zf2ro) 
1520 IF Cor,,_highl<:1.0E-50 THEN Cor_highl==1.0E-50 
1522 IF Cor .__mean 1 <: 1. OE-50 THEN Cor- _mean 1=1. (IE-50 
1524 
1526 IF Cor_highl<=.1 THEN 
1528 COI'"_highl=.00304939*Cor_highl (1.1195) •Convert to WATTS 
1530 ELSE 
1532 Cor _high1=. 0135056*Cor _higtl1'" (1.7488) ! Convert to "'JATTS 
1534 END IF 
1536 
1538 
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il , I 
1540 
1542 
1544 
1546 
1548 
1550 
1552 
1554 
1556 
1558 
1560 
1562 
1564 
1566 
1568 
1570 
1572 
1574 
1576 
1578 
1580 
1582 
1584 
1586 
1588 
1590 
1592 
1594 
1596 
1598 
1600 
1602 
1604 
1606 
1608 
1610 
1612 
1614 
1616 
1618 
1620 
1622 
1624 
1626 
1628 
1630 
1632 
1634 
1636 
1638 
1640 
1642 
1644 
1646 
1648 
1650 
1652 
1654 
1656 
1658 

Cor_highl=Cor_highl*Normal-pwr*Normal_pwr 
Cor- _highl=10*LGT (Cor _highll1.0E-3) !Convert to dBm 

IF Cor-_meanl=.1 THEN 
Cor _meanl=.00304939*Cor- mean!""'(1.1195) !Conver-t 

ELSE 
Cor- _mean 1 =. I) 135056*Cor- .._mean I" ( 1 • 7488) ! Con ver t 

END IF 

Cor-_meanl=Ccr-_meanl*CI0_loss 
Cor-_meanl=Cor-_meanl*Nor-mal-pwr-*Nor-mal-pwr 

to WATTS 

to WATTS 

Cor-_meanl=10*LGT(Cor-_meanl/1.0E-3) !Conver-t to dBm 

!Calculations for- 1 cm DIPOLE with .super- amp. 

Cor-_high2=(High2-Plcm_zer-o) 

Retur-n_f i el d (Cor_hi gh2, Plcm_fl d_hi gh) 

Plcm_f 1 d_hi gh=Plcm_f 1d_hi gh*Not-mal_f 1 d 

New_vol ts (Plcm_f 1d_high, Cor- _high2) 


Cor-_mean2=(Mean2-Plcm_zerc) 

Retur-n_field(~or-_mean2,P1cm_fld_mean) 

Plcm_f 1d_mean=Plcm_f 1d_mean*Nor-mal_f 1d 
New_volts (Plcm_fld_mean ,Cor-_mean2) 

IF Cor- _high2<1.0E-50 THEN Cor- _high2=1.0E-50 
IF Cor_mean2<1.0E-50 THEN Cor-_mean2=1.0E-50 
Cor _hi gH2=20*LGT (Cor- _hi gh2*10(0) 
Cor-_mean2=20*LGT(Cor-_mean2*1000) 

Savedata(Fcount,l)=Fr-equency 
SavedataCFcount,2)=Netpower
Savedata (FcoLlnt, 3) =Ref _e_f i el d 
SavedataCFcount,4)=Cor-_highl 
SavedataCFcount,5)=Cor-_meanl 
Savedata(Fcount,6)=Cor-_high2 
SavedataCFcount,7)=Cor-_mean2 

RETUfiN 

! dB mV 
!dB mV 

!MH;:: 
!Watts 
!V/m 
!dBm 
!dBm 
!dB mV 
!dB mV 

!///////////////////////****PRINT RAW DATA****////////////////////// 

F'r-int_alldata; ! 
PRINTER IS Pr-inter
PRINT 
PRINT 
PRINT 
PRINT 
PRlNT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 

RPT$ C"_" ,80) 
"******************************"; 
USING "2X, 60. DO, 6A, 2X, .... ; Fr-eqLlency; " MHz " 
II ***********,******************* II 
RPT$("-",80) 
RPT:t. (II_" ,80) 
"MeasLtr-ed RAW data: II 

" PWR IN MAX REC PWR HORN ZEFm HORN PEAK"; 
" HORN MEAN" 
" INC--Watts--REF Watts mV mV " ., 
.. mV" 

Spyr-awl:IMAGE MD.4DE,X,MD.4DE,XX,MD.4DE,XX,6D.2D,3X,# 
Spyr-aw2:IMAGE 7D.2D,X,7D.2D 

PRINT USING Spyr-awl; Incpwr- _r-aw, Ref pwr- _r-aw, Power- ,ELlt_z er-o ll, 1000 
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1660 PRINT USING Spyraw2;Highl*1000,Mean1*10CO 
1662 
1664 PRINT 
1666 PRINT "1c:m PRB ZERO 1em PRB PEAK 1c:m PRB MEAN Signal Gen Level" 
1668 PBINT mV mV mV dBm"II 

1670 Spyraw3:IMAGE 6D.2D,6X,7D.2D,6X,7D.2D,10X,5D 
1672 PRINT USING Spyraw3;Plem_zero*1000,High2*1000,Mean2*1000,Dbm 
1674 PRINT 
1676 PRINT RPT$("_",80) 
1678 f'RINT "PROCESSED DATA: II 

1680 PRINT "HORN normalizeid to 10 mW/c:m....2, lem DIPOLE normi\lized to 37"; 
1682 PRINT dB Vim. IIII 

1684 PRINT 
1686 PRINT "REC PWR CORR. HORN PEAK HORN MEAN " J 
1688 F'RINT IIlem PRB PK 1em PRB MEAN" 
1690 PRINT U Watts dBm dBm ". 
1692 PRINT dB mV dB mV"II 

1694 Spyraw6:IMAGE MD.4DE,~X,M4D.2D,3X,. 


1696 Spyraw7JIMAGE M6D.2D,2X,M4D.2D,4X,M4D.2D 

1698 

1700 PRINT USING Spyraw6;Cor-power,Cor_highl 

1702 PRINT USING Spyraw7ICor_meanl,Cor_high2,Cor_mean2 

1704 PRINT TAB (41) ;RF'T$(II_",25) 

1706 PRINT TAB(41);"Field Vim Field V/m" 

1708 F'RINT USING "39X, M4D. 20, 4X, M4D. 2D"; P 1 c:m_f 1 d_hi gh, Plem_f 1d_mean 

1710 PRINT 

1712 PRINT RPT$("_1I,65) 

1714 F'RINT "REC PWR CORR. NET INPUT POWER REF' PWR DENSITY REF FIELD" 

1716 PRINT dBm Watts mW/emA2 Vim"
II 

1718 Spyraw8:IMAGE X,M4D.2D,10X,MD.4DE,6X,M2D.4D,5X,M4D.4D 
1720 Power _dbm= 1 ()*LGT ( 1 OOO*Cor "'power) 
1722 F'RINT USING Spyraw8; Power _dbm,Netpower ,Ref "'pwr _den ,Ref _e_.H el d 
1724 PRINT RPT$ (II_" ,80) 
1726 PRINT RPT$ (U*" ,80) 
1728 PRINT RPT$("_",80) 
1730 PRINT 
1732 PRINTER IS CRT 
1734 RETURN 
1736 
1738 !IIIIIIIIIIIIIIIIIIIIII****SAVE DATA****/IIIIIIIIIIIIIIIIIIIIIIIII 
1740 
1742 Save._data: 
1744 RETURN 
1746 DISP IIENTER FILE NAME FOR THIS DATA «-lel CHRS/NUMS ONLY) "; 
1748 BEEP 

1750 LINPUT Filename$ 

1752 IF LEN (Filename$) >10 THEN Save_data 

1754 Filename$=Filename$&Outdisk$ 

1756 ON ERROR CALL Errortrap 

1758 CREATE BDAT Filename$, (7*Totalfreqs+128),8 

1760 ASSIGN @Datapath TO Filename$ 

1762 OUTPUT @Datapath;Totaleurves 

1764 OUTPUT @Datapath;Totalfreqs 

1766 OUTPUT @Datapath;Totalfreqs 

1768 OUTPUT @Datapath;Savedata(*) 

1770 ASSIGN @Datapath TO * 

1772 

1774 PRINTER IS Printer 

1776 PRINT TIME$(TIMEDATE);" •••••••••••• DATA STORED ON FILE u; 
1778 PRINT Fi 1ename$C 1 ,POS (Fi 1ename$," =") -1 J; " ............... .. 
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1780 PRINTER IS 
\1 	 1782 OFF ERROR 

1784 RETURN 
1786 
1788 END 
1790 
1792 !****************************************************************** 
17'74 
1796 SUB Measure_menu 
17'78 
1800 !This routine will facilitate setting up the 
1802 !measurement. 
1804 
1806 COM /Parameters/ Startf,Stopf,Stepf,Slow_down,Coupler_)d$[10J 
1808 COr1 /Parameters/ Generator _id$[ 10J ,Dvm ...integra.t$[3J 
1810 COt1 /PaTamE'!ters/ INTEGER Low._dbm, til gh ...dbm, Step_dbm, Dvm_samp 1es 
1812 COt"1 /Parameters/ Upperlimit,Threshold,Rev_time 
1814 COM /Motor _menu/ Moti on_type$[ 10J, HHEGER Jog_wai t 
1816 COM !Bugs/ INTEGER Bugl,Bug2,Bug3,Printer 
1818 
1820 DIM Eut_identity$[160J,Operator_name$[60J 
1822 
1824 PRINTER IS 
1826 Wipe_clean !Clear the CRT. 
1828 
18:50 !Define the choices at start-up. 
1832 
1834 Operator_name$="Mike Crawford" 
1836 
1838 Startf=2000 !Frequency range in MHz. 
1840 Stopf=4000 
1842 Stepf=200 
1844 
1846 Low_dbm:;;::-30 !Signal generator level in dBm. 
1848 High_dbm=-10 
1850 Step_dbm=l 
1852 
1854 Eut_i denti ty$="Evall.late use of NSWC Reverberati ng Chamber II 

1856 Eut_identity$=Eut_identity$~(lIfor measuring response of EUT. II 


1858 

1860 Threshold=50.0 !EUT LOWER THRESHOLD VOLTAGE. mV. 

1862 Upperlimit=1200.0 !EUT FAILURE VOLTAGE. mV. 

1864 

1866 Slow_down=.02 !Time for EUT to respond after field is set. 

1868 

1870 J09_.wai t= 10 !Wait .10 seconds between each of 3200 jogs. 

1872 

1874 Coup I et- ._i d$=" HP..~11692D" 


1876 Genera.tor __ i d$="HP._8672A" 

1878 

1880 !Display the above parameters. 

188:2 

1884 PRINT CHF<$ (129) 

18B6 F'F<lNI TABXY(16,1);" MEASUREMENT PARo0jMETERS For, MODE SlIF,RED TESTS. " 

1888 PRINT TA8XY(1,3>;" TEST DESCRIPTION: " 

18«7'0 PRINT TABXY (1,7); II FREOUENCY RANGE 


'.' 1892 PRINT TABXYC50,7); "TO" 
l'; 1894 PRI NT TA8XY (42,7) ; "STEP"
I., 	 1896 PRINT TABXY(56,7);"MHz." 


1898 PRINT TABXY(1,9);" SIG-GEN RANGE 
 II 
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1900 PRINT TABXY(22,9);"TO" 

1902 PRINT TABXY(29,9);" I " 

1904 PRINT TABXY(37,9);"dBm." 

1906 PRINT TAF:XY (44 ,9);" EUT RESPONSE TIME .. 

1908 PRINT TAElXY(70,9);" Sec. " 

1910 PRIN-r TABXl'(45,11);" FAIL LIMIT mV 
 II 

1912 PRINT TABXY (1,11) ; .. EUT LO~iEF< THRESHOLD RESPONSE mV " 
1914 PRINT TABXY(1,13);" EST. TIME/Tunet- rev" 
1916 PRINT TABXY(33,13);" DVM SAMPLES" 
1918 PRINT TABXY(53,13);" LINE CYCLES/SAMPLE " 
1920 PRINT TABXY(40,15);" COUPLERISIG GEN " 
1922 PRINT lABXY(1,15);" DATE/TIME" 
1924 PRINT TABXY(1,17);" OPERATOR'S NAME" 
1926 PRINT CHR$(128) 
1928 
1950 !Fill in the default choices. 
1932 
1934 GOSUB Pr i nt_eLlt i d 
1936 GOSUB Print_freqs 
1938 GOSUB Print_gen_level 
1940 GOSUB Print_eutfail 
1942 GOSUB Print_51 owdo~m 
1944 GOSUB Print_thresh 
1946 GOSUB Print_tuner 
1948 GOSUB Print_name 
1950 
1952 !Make any changes or corrections. 
1954 
1956 OFF KEY 
1958 ON KEY I) LABEL "TEST ID",5 GOSUB Change_eutid 
1960 ON I<EY LABEL "Frequency",5 GOSUB Change_freqs 
1962 ON I<EY 2 LABEL "GEN Levels ",5 GOSUB Change_levels 
1964 ON ~:::EY 3 LABEL "THRESHOLD",5 GOSUB Change_thresh 
1966 ON KEY 4 LABEL "FAIL LIMIT",5 GOSUB Chcmge_eutfai 1 
1968 ON I<EY 8 LABEL "TUNER REVs",5 GOSUB Change_tuner 
1970 ON KEY 5 LABEL .. CONT I NUE" , 5 GOSUB E>: it_sub 
1972 ON KEY 6 LABEL "YOUR NAME",5 GOSUB Enter_name 
1974 ON KEY 7 LABEL "RESPONSE tm", 5 GOSUS Change_t-espond 
1976 ON KEY 8 LABEL "TUNER REVs",5 GOSUS Change_tuner 
1978 ON ~:::EY 5 LABEL "CONT I NUE" , 5 GOSUB E>: it_sub 
1980 ON KEY 9 LABEL " DATE ",5 CALL Time_date 
1982 BEEP 
1984 PRINT TABXY(14,15);DATE$(TIMEDATE) 
1986 Spin: 
1988 DISP "«««««< SELECT PARAMETER TO CHANGE »»»»»>" 
1990 PRINT TABXY(28,15);TIME$(TIMEDATE) 
1992 GOTO Spin 
1994 Exit_sub: 
1996 Upperlimit=Upperlimit/1000!Convert to volts 
1998 Threshold=Threshold/1000!Convert to volts 
2000 OFF I<EY 
2002 DISP CHR$ (12) 
2004 PRINTER IS Printer 
2006 IF Printer=701 THEN DUMP ALPHA 
2008 CALL Wipe_clean 
2010 SUBEX IT 
2012 
2014 !IIIII/IIIIIIIIII/IIIIIIIIIIIIIIIIIIIIIIIIIIII/IIIIIII11III 
2016 
2018 Change_tuner: 
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2020 Jog_~~ai t==J og __wai t+ 1 
2022 Pt-int __tuner-: 
2024 Rev_time=38. :37068~Jog_wai t+4. 92406 
2026 
2028 Dvm._sampl es=I NT (1. 15* (38. 9729+23. 60383* (Rev_ti me) ) ) .1 cycle 
2030 Dvm._,lntegr-a.t:t=". 1" 
2032 
2034 IF DVffi_samples>9999 THEN 
2036 DVITI_samples=INT(1.15*(3.970658+12.8621757*(Rev_time))! 1 cycle 
2038 Dvm_integr-at$="1" 
2040 END IF 
2042 IF Dvm_samples>9999 THEN 
2044 Joq_wai t=O 
2046 GOTO Change_tuner
2048 END IF 
2050 Hh=Rev_time DIV 3600 
2052 Mm=(Rev_time-Hh*3600) DIV 60 
2054 Ss=INT(Rev_time-Hh*3600) MOD 60 
2056 PRINT TABXY(23,13); 
2058 PRINT USING "DD,A,ZZ,A,ZZ";Hh,":",Mm,":",Ss 
2060 PRINT TABXY(47,13);Dvm_sa.mples 
2062 PRINT TABXYC74, 13) J" 
2064 PRINT TABXY(74,13);Dvm_integr-atS 
2066 RETURN 
2068 
2070 !IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1111II1I1 
2072 
2074 Change_eutid: 
2076 DISP "DESCRIPTION of the EUT and PURPOSE for- test?? «2 lines)"; 
2078 OUTPUT 2 USING "K,#";ELlt_identityS 
2080 LINPUT Eut_identityS 
2082 Pr- i nt_e\'lti d: 
2084 PRINT TABXY(1,4);RPTS(" ",160) 
2086 PRINT TABXY(1,4);Eut_identityS 
2088 RETURN 
2090 
2092 !IIIIIIIII/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1III 
2094 
2096 Change_fr-eqs: 
2098 DISF' "ENTER the START, STOP, and STEP fr-equencies (MHz) "; 
2100 INPUT Startf,Stopf,Stepf 
2102 IF Star-tf{100 THEN Star-tf=100 
2104 IF Startf)18000 THEN Star-tf=18000 
2106 SELECT Startf 
2108 CASE <2000 
2110 IF Stopf)2000 THEN Stopf=2000 
2112 Coupl er,_.i d$::=IIHP_778D" 
2114 Gener-ator-_id$="HP_8660A" 
2116 CASE >=200.0 
2118 IF Stopf)18000 THEN Stopf=18000 
2120 Coup 1 er- ._i d:t;:= II HF' _11692D" 
2122 Generatot- i d$="HP._8672A" 
2124 END SELECT 
2126 Pr- i nt _.f r-eqs: 
2128 PRINT TABXY(21,7); 
2130 PRINT USING "5D.2D";Star-tf 
2132 PRINT TABXY(33,7); 
2134 PRINT USING "5D.2D";St{,"lf 
2136 PRINT TABXY(47,7); 
2138 PRINT USING "5D.2D";Stepf 
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2140 PRINT TA8XY(58,15) RF'T$(" ",10) 

2142 F'RINT TABXY(69,15) RF'T$(" ",10) 

2144 PRINT TABXY(58,15) Coupler_id$ 

2146 PRINT TABXY(69,15) Generator_id$ 

2148 RETURN 

2150 

2152 !///////////////////////////////////////////////////////// 

2154 
2156 Change_levels: 

2158 DISF' "ENTER Signal generator LEVEL (dBm) "i 

2160 INPUT Dbm 

2162 Lm·J dbm=INT (Dbm) 
2164 DISP "LOW, HIGH, STEP Signal generator LEVEL (dBm) "; 
2166 INPUT Low_dbm,High_dbm,Step_dbm 
2168 Print_gen_level: 
2170 PRINT TABXY(17,9); 
2172 PRINT USING "4D";Low_dbm 
2174 PRINT TABXY(24,9); 
2176 PRINT USING "4D";High_dbm 
2178 PRINT TABXY(32,9); 
2180 PRINT USING "4D";Step_dbm 
2182 RETURN 
2184 
2186 !////////////////////////////////////////////////////////// 

2188 
2190 Change_eLltfai 1: 
2192 DISF' "EN1ER the UPPER LIMIT for the EUT RESPONSE (m'v) It; 
2194 INPUT Upper1imit 
2196 Print_eLltfail: 
2198 PRINT TA8XY(60,11);Upperlimit 
2200 RETURN 
2202 
2204 !///////////////////////////////////////////////////////////// 

2206 
2208 Change_thresh: 
2210 DISP "LOlIJER LIMIT EUT RESPONSE for initially setting field. (m'V) It; 
2212 I NF'UT Thresho1 d
2214 Print_thresh: 
2216 PRINT TABXY(35,11);Thresho1d 
2218 RETURN 
2220 

!////////////////////////I///////I///////////////////////// 

2224 
2226 Change_respond~ 
2228 D I SF' "WA ITT 1ME FOF\ EUT TO RESPOND AFTE;R FIELD I S SET."; 

2232 Pt- i nt_s1 owdo..m: 

22~54 PHINT TABXY(64,9) ;RPT$(1f ",6) 

2236 PRINT TABXY(64,9) ;Slow_do~-.jn 
2238 RETURN 
2240 
2242 !//////////////////////////////////////////////////// 

2244 
2246 Enter_name: 
2248 DISP "PLEASE TYPE IN YOUR NAME "; 
2250 LINPUT Operator_name$ 
2252 Print name: 
2254 -PF\l NT TABXY (20,17) ; C1 ear._opname$ 
2256 PRINT TABXY(20,17);Operator_name$ 
2258 RETURN 
2260 
2262 ~ ////1/////////////1/////////////////////////////////// ////// 
2264 I 

2266 SUBEND 
2268 
2270 ******************************************************.*****
2272 
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the applicability for this technique to their electromagnetic compatibility 
(EMC) measurement needs. 
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