
FCC/VDE RADIATED MEASUREMENTS— 
POTENTIAL DIFFERENCES IN TEST RESULTS 
BETWEEN TEST SITES AS A FUNCTION OF 
EXTRAPOLATION AND THE USE OF 
PUBLISHED ANTENNA FACTORS 

Application of equations given in ANSI C63. 4 to determine the theoretical site attenuation at different 
heights and distances and actual site calibration measurements reveal some causes and relationships 
that can contribute to potential differences in product emission measurements at different sites when 
measurements are made according to FCC, VDE, or CISPR rules. 

Albert J. Visek and Dan Mis, Unisys Corporation, Exton, PA 

INTRODUCTION 
The ANSI 63. 4 draft on open field 

test sites recommends a procedure 
for site calibration that compares site 
attenuation measured on a given site 
to site attenuation curves calculated 
for a standard or ideal site. A stan- 
dard or ideal site is defined as a plane 
homogeneous metal surface of infi- 

nite extent where the relative dielec- 
tric constant of the surface shall be 
taken as infinite. The theoretical site 
attenuation A for the standard site is 
given by: 

279. 1 AFP AFR 
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~ E ma 
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or, in decibels, 

A(dB) -201ogf +4892+AFT(dB/m)+APE(dB/m) 

where 

- Epm~ (dB PV/m) Equation 2 
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frequency, in megaherts 

antenna factor of receiving antenna, 
In dedhels/meter 

antenna factor of transmitting antenna, 
In decihels/meter 

maximum electric Beld In receiving-antenna 
helghtecan range hg ChgChg from 
a theoretical half-wave dipole with 1 pW of 
radiated power 

1986 IEEE. Reprinted with permission 
from Symposium Record of the 1986 IEEE 
International Symposium on Electromag- 
netic Compatibility, September 16-18, 
1986, San Diego, CA, pp. 366-369. 

The FCC rules on measurement 
of computer devices are described in 
MP-4 ("FCC Methods of Measure- 
ment of Radio Noise Emissions from 

Computing Devices" ) and provide 
measurement procedures for Class B 
products measured from 3 to 30 me- 
ters with limits defined at a measure- 
ment distance of 3 meters and for 
Class A products measured from 3 
to 30 meters with limits defined at a 
measurement distance of 30 meters. 
Measurements may be made at any 
distance but if measured at a dis- 
tance other than the specified limit 
distance the data is to be extrapolat- 
ed to the limit distance using an ex- 
trapolation factor of 20 dB/decade, 
(i. e. , 20 dB fall off factor from 3 to 30 
meters). CISPR 22, the internation- 
al standard for measurement on ITE 
(Information Technology Equip- 
ment) says essentially the same thing 
with some variation in limits. Several 
problems become apparent when 
one calculates the site attenuation 
curves for various heights and dis- 
tances. Other problems become ap- 
parent when one attempts to actual- 
ly perform the site calibration 
and/or product measurements. The 
key problems are: 

1. Site attenuation when calculated 
for different heights and distances 
does not conform to the 20 
dB/decade fall off between 3 and 
30 meters or 10 dB fall'off be- 
tween 3 and 10 or 10 and 30 
meters in either vertical or hori- 
zontal polarization. As a result se- 
rious differences in measurement 
data can occur on products mea- 
sured at two different sites if the 
measurement techniques are not 
identical. 

2. Accurate knowledge of antenna 
factors is required to make the 
site calibration measurements 
and accurate product measure- 
ments. Published antenna factors . 

do not necessarily provide this 
knowledge. (Note: ANSI 63. 44 
warns of this in the procedure. ) 

3. Unless one measures and deter- 
mines the antenna factors on an 
ideal site including mutual cou- 
pling factors it is difficult to deter- 
mine actual antenna factors. 

4. It is difficult to build an ideal test 
site particularly if the test site is 
large, which is required if one is to 
measure large computer systems. 
Therefore, imperfections in the 
site can cause deviations from the 
ideal. 

5. The k4 dB acceptance criteria 
cited in ANSI 63. 4 indicates there 
can be a possible 8 dB difference 
in product measurements be- 
tween two acceptable test sites. 

6. Product emissions when mea- 
sured at different distances and 
or at different sites do not nec- 
essarily conform to the fall off 
factors predicted by the ideal site 
attenuation cur ves or the 20 
dB/decade extrapolation de- 
scribed in MP-4 and CISPR 22. 

ANALYSIS 
The initial equations described in 

ANSI C63. 4 developed by A. Smith~ 
include antenna factors. Removing 
the antenna factors from the equa- 
tion, a set of normalized site attenua- 
tion curves devoid of antenna factor 
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considerations but based on calculat- 
ed values of ED '" for both horizon- 
tal and vertical polarization, can be 
formed. (Note: Normalized site atten- 
uation is now incorporated in ANSI 
C63. 4) These equations are de- 
scribed as follows: 

Figure 2 shows a similar set of 
ED '" curves for vertical polariza- 
tion. However, for vertical polariza- 
tion it becomes obvious quite readily 
that antenna height variations do not 
influence field strength anticipation 
significantly below 200 MHz. Above 

Equation 3 

@49. 2 [d2 +dy (lohl + Myd2(phl cos (g-p[d2-dg])] 
EDH 

dgd2 

(evaluated over height scan) 

Equation 4 

~49. 2R [d2 +dg Ipyl +Sdl d2 lpVI cos(4j»-P[d2-dy])] 
RDv 

d Sd S 
1 2 

(evaluated over height scan) 

200 MHz variations in predicted field 
strength can be observed due to 
change in transmit or receive height 
of the antennas. 

Normalizing the site attenuation 
equation (Equation 1) the following 
equation results: 

Anorm = 279. 1 / fm ' Eo 
Equation 5 

Using this equation and the values 
of ED '" shown in Figures 1 and 2, a 
family of curves can be generated for 
the theoretical site attenuation. Fig- 
ure 3 shows the family of curves gen- 
erated in the horizontal polarization 
and Figure 4 depicts a family of 
curves for the vertical polarization. 

The key observation to be made in 

both these graphs is that the vari- 
ance in expected field strength or site 
attenuation is not constant with fre- 

quency and distance. 

where 

dy [R + (hy - hp) ] 

dp [R +(hl -hp) ] 2 2 TING 

siny-(K-j604r-cos y) 2 
Ph- 

sin y + (K - ]60)Acr - cos y) 

Pv 
(K - j60)6o) sin y - (K — j60)00r - cos y) 2 

(K — j60)ur) sin y + (K - j60)ur- cos y) 2 

K relative dielectric constant 

cr conductivity, in seimens/meter 

By varying the parameters in 
Equations 3 and 4 for different 
heights and distances, a family of 
curves for ED '" can be drawn. Fig- 
ure 1 is a family of such curves and 
identifies horizontal polarization 
curves for 3 meters, 10 meters and 
30 meters separation for 1 and 2 
meter transmit heights and with re- 
ceiving heights varied from 1 to 4 
meters for each transmit height. For 
30 meter separation the curves re- 
flect receive heights between 1 and 4 
meters (CISPR) and also 2 and 6 me- 
ters (FCC). The anticipated is imme- 
diately obvious. 

~ Predicted signal strength is stron- 
ger at the higher frequencies than 
lower ones, 

~ Signal strength at the receive an- 
tenna is stronger when at 3 meters 
than when at 10 or 30 meters, and 

~ Higher signal strength is observed 
at the receive antenna when it is 
raised to 6 meters than when it is 
raised to only 4 meters. 
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Figure 2. Comparison of ED 
'" Curves — Vertical. 

Figure 1. Comparison of ED "Curves — Horizontal. 
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Figure 5. Comparison of Horizontal Site Attenuation Curves. 

Figure 5 provides a comparison of 
site attenuation curves for separa- 
tion distances of 3, 10 and 30 me- 

ters, 1 meter height and 1 to 4 me- 

ters variations in receive height. 
(Note: Mutual coupling factors are 
not included in the curves. ) The devi- 
ation between 3 and 30 meters is 
close to 32 dB at 30 MHz, 29 dB at 
100 MHz, 20 dB at 350 MHz and 
about 18. 5 dB at 1000 MHz. From 3 
to 10 meters at 30 MHz the variation 
is 14 dB, 11. 5 dB at 100 MHz, and 
9. 5 dB at 1000 MHz. From 10 to 30 
meters the deviation is 18 dB at 30 
MHz, 17 dB at 100 MHz, 15 dB at 
200 MHz, and 9. 5 dB at 1000 MHz. 

Figure 6 is essentially the same 
curve except the antenna height is 
varied between 2 and 6 meters at 30 
meters. This causes the fall off factor 
to change from 32 to 28 dB from 3 to 
30 meters, and from 18 dB to 14 dB 
from 10 to 30 meters at 30 MHz. At 
100 MHz the fall off factor is now 14 
instead of 17 dB. 

Figure 7 is a presentation of verti- 
cal site attenuation curves for 1 me- 

ter transmit height and receive 
heights of 1 to 4 meters at distances 
of 3, 10 and 30 meters. 

The fall off factor between 3 and 
10 meters at 30 MHz is 8. 5 dB, but at 
175 meters it is 3. 5 dB. 

From 3 to 30 meters at 30 MHz it 

is 17. 5dB but at 175MHz it is 12dB. 
The reader can study the curves 

to find the variations for other 
heights and distances. Figures 8 and 
9 show site attenuation curves for 2 
meter transmit heights. Figures 10, 
11, 12, and 13 show the variations 
more dramatically when compared 
to a straight 20 dB/decade extrapo- 
lation as recommended in MP-4. 
(Note: Figures 10, 11, 12, and 13 are 
essentially identical to curves devel- 

oped and presented in unpublished 
papers by B. Cooperstein of Xerox 
Corporation and G. Becker of Con- 
trol Data during concurrent studies 
made while this study was being per- 
formed. ) 

The second problem stated in the 
introduction related to accurate 
knowledge of antenna factors. Our 
initial attempt to make site calibra- 
tion measurements on our test site 
using the calculated site attenuation 
curves resulted in what appeared to 
be a failure of our site to meet the 
site calibration criteria. 

Figures 14 and 15 describe our 
initial measurements as compared to 
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Figure 6. Comparison of Horizontal Site Attenuation Curves. Figure 7. Comparison of Vertical Site Attenuation Curves. 
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the curves for horizontal and vertical 
polarizations. As can be seen the 
data indicates. a variation from the 
theoretical in excess of the k4 dB 
band around the curve (VDE permits 
+3 dB for an acceptance site; ANSI 
C63. 4 specifies k4 dB). We recog- 
nized our site and ground plane had 
some imperfections; however, we 
did not feel it was as imperfect as the 
data suggested. We used broadband 

20 

biconicals from 30 to 300 MHz and 
log periodic antennas from 300 to 
1000 MHz for transmit and receive 
antennas. 

We also used the published anten- 
na factors from the manufacturer in 
calculating the field strength. Subse- 
quently we purchased an additional 
set of antennas which were sent to 
the National Bureau of Standards 
(NBS) for calibration. The NBS cali- 

brates antennas in horizontal polar- 
izations only and at a transmit height 
of 3 meters over a carefully con- 
structed ground plane. The variance 
in antenna factors (published vs NBS 
measured) is shown in Figure 16. Ap- 
plying the new correction factors to 
the previously measured data result- 
ed in the new site calibration data as 
shown in Figur'es 17 and 18. Mutual 
coupling factors were not deter- 

Continued on page 380 
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Figure 16. Antenna Factor Comparison. Figure 17. Site Calibration Data Using NBS Antenna Factors. 

mined for these antennas and are not 
included in the data or in the theoret- 
ical curves. Mutual coupling is ex- 
pected to have minimal influence at 
distances of 10 meters or greater and 
at antenna heights of 1 meter or 
greater. As can be seen the new site 
calibration measurements with the 
new antenna factors now show the 

site to meet the acceptability criteria. 
However, as can also be seen, the 
calibration data still shows variances 
from the ideal by typically j3 dB 
and at some frequencies by 4 dB. In 
fact the curves at different distances 
on the same site show variations on 
the order of 2 dB. Assume that mea- 
surements on another acceptable 

test site show variations of +4 dB 
also but at different frequencies; this 
would then suggest that product 
emission measurements could vary 
by up to 8 dB on 2 different test sites 
both of which satisfy the site accept- 
ability criteria. 

However an offsetting factor to 
this last conclusion is the last prob- 
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zontal polarization, product emis- 
sions may appear higher than if mea- 
sured at 10 meters. Conversely, for 
vertical polarization, emissions may 
appear lower than if measured at 10 
meters. ~ 
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CONCLUSIONS 
The measurement variations that 

can exist between test sites, for in- 

stance different antenna factors, site 
imperfections, and distance fall off 
variations including deviations from 
extrapolation formulas, can result in 
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at different sites, particularly if mea- 
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tions in measurement techniques, al- 
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configurations such as putting a host 
or peripherals below ground and run- 

ning cables vertically down versus 
laying cables out horizontally and 
testing host and peripherals as a unit/ 
system can make measurements 
between different test houses unre- 
peatable and virtually uncorrelata- 
ble, at least within tolerable limits. 
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portion of the problem would be 
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If a limit is defined at 10 meters 
and a 10 dB adjustment is permitted 
for measurements at 3 meters it 
should be recognized that for hori- 
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