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Radiated emission (RE) testing of 
equipment to be used on self-
contained vehicles is performed 

at one meter or less versus testing at a 
distance of three meters or more for 
equipment designed for use in homes, 
offices and factories. By modern era is 
meant the realization that for such near-
field RE measurements to be useful, the 
sensor/pickup/antenna must closely 
model the actual victim protected 
by the EMI standard in question, in 
physical appearance, orientation and 
separation from the victim. Prior 
to 1953, various sensors were used 
somewhat indiscriminately, with small 
attention paid to repeatability and 
correlation between equipment-level 

RE measurements and vehicle-installed 
electromagnetic compatibility (EMC).

The 104 cm (41 inch) rod antenna 
is conceptually one of the simplest 
devices in our arsenal of measurement 
tools, but it is a sad fact that it is poorly 
understood today.

Most EMC engineers understand 
intuitively that the rod antenna sums 
the electric field components parallel 
to its length, and the radio frequency 
(rf) potential available at the base 
is one-half the potential difference 
between the rod base and top. It is less 
well-known that the potential at the rod 
base is not measured as an absolute, but 
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numerous sources of radio frequency 
interference (rfi). 

The input impedance of radio mixer 
tubes of this era was very high, and it 
was necessary to separate the antenna 
lead wire from aircraft structure to limit 
capacitive loading. That is the function 
of the porcelain standoff highlighted in 
Figure 1. The high impedance wire was 
very susceptible to capacitive crosstalk, 
and pains were taken to keep it 
separate from other wiring. Notice the 
separation of the wiring along the top 
of Figure 2 suspended on the porcelain 
standoff from other cable assemblies.

The rfi problem was well understood, 
as evidenced in the Figure 3 drawing 
excerpted from a WWII-era War 
Department Technical Order.

The long-term fix for the resultant 
rfi was to eliminate the unshielded 
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Figure 3: Drawing showing 
coupling of aircraft internal 
rfi sources to an internal 
antenna lead in, and how to 
minimize crosstalk. It is quite 
clear that rfi occurs internally 
to the aircraft, and that 
coupling to the antenna itself 
isn’t even an afterthought! -  
from the 1945 “Handbook of 
Elimination of Radio Noise in 
Aircraft” which in turn was 
an update of a similar 1942 
publication (United States 
War Department and the 
Air Council of the United 
Kingdom).
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Although it would be desirable to 
require the measurement of both the 
electric and magnetic components of 
the interference field, it is felt at the 
present time that such requirements 
would make specification testing 
excessively complex. Experience 
has indicated that aircraft electronic 
equipments, which operate in the 
lower frequency ranges (0.15 to 20 
mc), are more sensitive to the electric 
field because of the unshielded high 
impedance antenna lead-in, which 
has been in general use. Present 
practice is to control the electric field 
by radio interference measurements. 
This is done by utilizing a 41-inch 
rod antenna and treating any 
difficulties arising from equipments 
generating strong magnetic fields as 
special cases which require particular 
attention when the equipment is 
installed in the plane. Reference (e) 
requires that all equipment used 
with antennas be designed for use 
with a shielded antenna lead. If and 
when the unshielded antenna lead 
is completely eliminated from use in 
aircraft, a review of present methods 
and limits in the frequency range 
0.15 to 20 mc will be required. Radio 
interference meters using the 41-inch 
rod antenna are so constructed and 
calibrated that they read directly the 
microvolts which are induced in the 
antenna by the interference field.”

Note: The reference (e) cited is  
MIL‑I-6181B.

The above excerpt is remarkably lucid 
and showcases how well understood 
the problem and the solution were. The 
reader can demonstrate the electric 
field nature of the rod. Set up a wire 
above ground per MIL‑STD-461E/F, 
driven at one end by a 50 Ohm signal 
generator. Load the other end of the 
wire with 50 Ohms, and place a 100 
kHz, 100 dBuV amplitude signal on 
the wire. Record the measured field 
intensity (~1 mV/m, 60 dBuV/m). Now 
remove the 50 Ohm load from the far 
end of the wire. The wire potential will 
increase 6 dB due to being unloaded, 
so decrease the signal generator 

setting by 6 dB to keep the wire 
potential constant. The rod antenna 
measurement will indicate precisely 
the same field intensity reading as 
previously - despite that around 
80 dB less current flows in the second 
configuration! A clearer demonstration 
of electric field sensing and magnetic 
field rejection cannot be had.

With that background as to how 
the 104 cm rod antenna came to be 
used for EMI testing, we progress to 
its implementation in the EMI test 
chamber. Figure 6 is a diagram and 
recreation of a rod antenna set-up from 
MIL‑I-6181.
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the 2007 MIL‑STD-461F RE102 rod 
antenna with the exception of the lack 
of the lossy ferrite bead increasing 
the impedance of the bond path. The 
1970/1971 changes were a mistake, but 
it took three decades to realize it.

Recall that before MIL‑STD-462, there 
was a change in antenna type and 
polarization at somewhere between 
20-30 MHz, depending upon the 
particular specification and vintage. 
The efficiency of the vertical rod and 
horizontal dipole at 30 MHz was quite 
different, so that the Figure 9a antenna-
induced limit on rf potential was 
discontinuous at the breakpoint, and 
the signatures were as well. But with 
MIL‑STD-461 going to a field intensity 
limit, and MIL‑STD-462 requiring both 
horizontal and vertical polarization of 
the biconical antenna, it is reasonable to 
expect some degree of continuity at the 
antenna change breakpoint for vertical 

biconical polarization. In fact, the 
RE02 and RE102 limits of all versions 
of MIL‑STD-461 are continuous at the 
breakpoint (Figure 9b). The slope may 
be changing, but the limit amplitude is 
continuous. But after Notices 2 and 3 
were released, it was not always the case 
that the signatures were continuous 
at the antenna breakpoints even for 
vertical biconical polarization. This 
is even more obvious if an overlap of 
data is taken between 20-30 MHz, 
where both antennas are calibrated for 
operation. Another and related issue 
that comes to light is that a surprising 
number of totally different test items 
all seem to have a broad peak between 
20-30 MHz.

PROBLEM RECOGNITION

Messrs. Steve Jensen and Luke Turnbull 
separately identified shortcomings 
of rod antenna measurements in the 

last octave of use in 2000, and 2007, 
respectively. These were critiques 
against MIL‑STD-461E RE102, below 
30 MHz and similar automotive 
test standards. The issue was a great 
discrepancy between measured fields 
at the 30 MHz breakpoint between 
the rod antenna and the biconical 
antenna, vertically polarized. While one 
would not expect precise agreement, 
due to significantly different physical 
apertures, the 20 dB difference in the 
data below is problematic. Mr. Jensen 
showed by overlapping the biconical 
antenna and rod antenna from 20-
30 MHz that the biconical always 
returned much lower levels.

Mr. Jensen flagged this issue in a 
critique of the draft MIL‑STD-461F 
dated 23 March 2007. Air Force EMI 
personnel separately along with others 
had also noted enhanced levels of any 
noise present in the 20 to 30 MHz 
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Denver.1 Gaul 2013 comes to the same 
conclusion as Javor 2011; namely that 
counterpoise isolation is superior to 
detuning a resonant circuit. The Gaul 
2013 approach was entirely different 
than employed in Javor 2011, and 
it is reassuring that the two entirely 
different techniques ended up with 
the same conclusion. Mr. Gaul used 
a method of moments code called 
FEKO, whereas Javor 2011 performed 
a closed form analysis calculating 
the coupling from the electric field 
from a wire above a ground plane to 
a 104 cm rod antenna, based on first 
principles – quasi-static electric field 
formulation based on Gauss’ Law. Both 
efforts compared the predictions with 
measured test data, but that is where 
the similarity ends.

Both Javor 2011 and Gaul 2013 
evaluated several different antenna 
configurations between 20 – 30 MHz. 
These are complete isolation of the 
counterpoise, -461F, -461E, -462, and 
floor mounting of the rod antenna, as 
well as use of a vertical biconical.

Your author, a member of the Tri-
Service Working Group on MIL‑STD-
461F, was aware of the precise damping 
ferrite described in the standard, and 
the test results in Figure 12 verify how 
well it works. MIL‑STD-461 cannot 
identify any commercial product or 
service by trade name, and instead 
has to specify a device by its salient 
characteristics. Mr. Gaul unwittingly 
identified a (non-technical) flaw in 
MIL‑STD-461F: part of the ferrite 
description is not in the main body 
of the standard, but in the appendix, 
which is not contractually obligatory. 
In the main body, the ferrite is 
identified as having an impedance of 
20 – 30 Ohms at 20 MHz, and in the 
appendix the following statement is 
made: “Floating the counterpoise with 
the coaxial cable electrically bonded 

1 Gaul, Harry. Electromagnetic Modeling 
and Measurements of the 104cm Rod and 
Biconical Antenna for Radiated Emissions 
Testing Below 30 MHz. 2013 IEEE EMC 
Symposium Record. Denver, CO.

Figure 13: Both the radiating element (wire above ground on the left) and the 
measurement antenna are referenced to the shield room floor, ensuring a common 
potential for the measurement and the absence of any sort of resonant condition. 
Above ground rod antenna measurements such as MIL-STD-461, RTCA/DO-160 (obsolete 
versions), CISPR 25 et al. should all produce results commensurate with a common 
ground plane measurement. It is the gold standard.
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(especially in the resonance band) but 
that is also the point - more accurate 
measurements reveal that the true field 
is lower than previously measured. 
Careful measurements at WPAFB 
revealed that when the resonance is 
removed via -461F, a previously masked 
dropout is visible, but that is because 
of a destructive interference node due 
to room dimensions and inadequate 
absorber performance. The MIL‑STD-
461F Table I absorber requirement is 
a considered compromise between rf 
performance and economic impact. 
If the dropout is a concern, the 
solution is better absorber (hybrid 

based on a ferrite tile foundation), 
not maintaining a counterpoise 
resonance to offset a chamber-induced 
destructive interference. And of course 
the frequency coincidence of these 
two resonances only works for specific 
room dimensions, not in general. 

The author wishes to thank the 
following EMC engineers for above-the-
call-of-duty reviewing of this article. 
John Zentner and Steve Jensen, both 
mentioned and identified within the 
article, also took the time to review 

this effort. Mark Nave of Mark Nave 
Consultants, Inc., Vince Sutter of 
Raytheon, and Tim Travis of ASRI all 
contributed to making this article a more 
user-friendly reading experience. To the 
extent that it isn’t, the fault lies entirely 
with the author.
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Freq
MHz

Real
Ohms

Imag
Ohms

10 23.663 31

11 25.942 32

12 28.144 33.5

13 30.317 34.5

14 32.459 35.5

15 34.563 36

16 36.674 37

17 38.710 37.5

18 40.693 38

19 42.603 38

20 44.464 38.5

21 46.268 39

22 48.021 39

23 49.765 39

24 51.444 39

25 53.050 39

26 54.595 39

27 56.107 39

28 57.588 39

29 59.039 39

30 60.440 38.5

Table 1: Leadertech CS28B1642 ferrite 
bead impedance. The highlighted row 
shows the critical parameter at the 
frequency specified by MIL-STD-461F: the 
resistive impedance is higher than the 
inductive reactance. Note that this model 
has the two impedance components in 
series, which is standard in the industry, 
not in parallel as in Gaul 2013.
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