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1 Background

In later years a growing attention has been paid to the threat posed by HPM (High Power
Microwaves) against the function of important electronic systems, military as well as civilian.
A vital part in the analysis of a complex systems capability to, without serious malfunction,
withstand HPM irradiation is to determine the shielding effectiveness of various parts of its
structure. In e.g. the case of an aircraft it is important that the avionics bays provide a
sufficiently well shielded environment, in order to reduce the external HPM threat to levels
that can be tolerated by the avionic equipment located within the bay. The analysis of the
shielding properties of an equipment bay or an electronic enclosure is usually made by a
combination of measurements and theoretical modelling, in the latter case often by use of
numerical analyses. In both these cases it is usually assumed that the transfer function from
the external to the internal environment is linear, i.e. it is assumed that the results determined
at low field levels are also relevant at high field levels, i.e. at the actual HPM threat levels.
This report addresses the question whether this assumption is valid. The assumption could be
refuted by the presence of non-linear effects such as electrical discharges in thin slots or the
existence of metal-insulator-metal junctions caused by corrosion (the “rusty bolt effect”).

Non-linear effects may result in generation of harmonics. Electrical discharges may also result
in a reduction of the total transmitted electromagnetic power through the aperture. Thus, the
appearance of electrical discharges would probably be beneficial since it would reduce the
amount of energy leaking into the shielded compartment. However, negative effects could
counterbalance this beneficial reduction in transmitted energy. One reason could be the
generation of harmonics, including low frequency components, another could be damage of
the gasket or of the surface treatment (such as chromated coatings) in the seam. This report
deals mainly with the generation of harmonics and the detection of damage or degradation of
the shielding effectiveness of the seam. The third effect, the reduction of transmitted energy,
has also been studied by us (primarily as a possible method to protect array antennas) and
reported separately. Some of these results will, however, also be presented here.

If generation of harmonics should turn up to be of importance the expected low frequency
content, caused by envelope detection (resulting from the non-linear processes) of the pulsed
microwave signal, would probably be of most interest. The reason being that electronic
equipment is usually more susceptible to frequencies below microwave frequencies.

Measurements have been performed on EMC joints subjected to corrosion as well as on thin
slots and a generic riveted seam. The corroded EMC joints have kindly been put to our
disposal by SCI, the Swedish Corrosion Institute, and co-operating industries, see [8, 9].

The research has been carried out within the FOI HPM protection project financed by the
Swedish Armed Forces. This report covers the work done until May 2004.
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2 Measurement Set-ups

2.1 High-level tests.

2.1.1 General.

The measurement set-up for high field level assessment is located inside a shielded room. It
consists of a 700 kW, 3 GHz, S-band magnetron. In the present investigation, the pulse length
was 1 ps and the pulse repetition frequency around 70 Hz. The field is radiated by means of a
waveguide horn antenna having a gain of 15 dB;. The 3 dB lobe width is approximately 30
degrees. The AUT (Aperture Under Test) is mounted on a 30x30 cm flange mounted on an
approximately one cubic meter large aluminium box; see Figure 1. A block diagram of the
system is shown in Figure 2. The output signal from the magnetron is extracted using a
directional coupler and a power splitter and connected to a Tektronix TDS-6604 oscilloscope.
via a semi-rigid cable. The oscilloscope has an analogue 3 dB bandwidth of 6 GHz and a
maximum sampling frequency of 20 GHz. The number of data points can be up to 200 000
which for a sampling interval of 50 ps yields a total sampling time of 10 us. A picture of the
oscilloscope is given in Figure 3. The control room houses, apart from the oscilloscope, also a
pulse generator which triggers the magnetron and the control for the wave-guide switch that
decide if the output power from the magnetron shall be transmitted through the horn antenna
or dumped in a dummy load. The electric field strength at the AUT is varied by moving the
aluminium box along a rail. This result in electric field strength variations from typically 5.6
kV/m, at the distance of 3000 mm up to 100 kV/m at a distance of 0 mm, see Figure 4. The
distance refers to the distance from the physical aperture plane of the horn antenna. The
calibration of the electric field strength is described in paragraph 2.1.2 below.

At the higher fields strengths the AUT will be irradiated at near-field conditions. Commonly,
the far-field boundary for antennas, R, is derived (or defined) using the following expression
[2, p.24]:

(1)

where D is the maximum dimension of the antenna, or of the test object if that is larger, and
A 1s the wavelength. The horn antenna has D = 240 mm, which gives R =1152 mm, i.e. the
far field limit is at approximately 1.2 meter. This corresponds to a field strength of
approximately 15 kV/m. This is roughly consistent with measured data which show evident
near-field effects for field strengths at and above around 20 kV/m (distances shorter than
around 700 mm), see next paragraph.

The signal transmitted through the AUT is detected by a D-dot sensor (Prodyn type AD-20
[16]) located inside the aluminium box, close behind the AUT, about 4 cm behind the plane of
the flange, see Figure 5. The probe has been fixed in the same position during all
measurements.

In order to avoid reflection inside the aluminium box it is loaded with absorbing material,
ferrite tiles on the floor and absorbers on (most of) the walls. The reason is that we want to
decrease the quality factor to avoid frequency broadening due to ringing of the box, cf. the
discussion in paragraph 4.2 .The D-dot probe is connected to a balun (Prodyn type BIB-100 G
[16]), see Figure 6. The signal is, via a step-attenuator and a semi-rigid cable connected to the
oscilloscope. The attenuator and the cable losses are calibrated at 3 GHz. In performing the
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measurements it became obvious, at least for test objects showing a high attenuation (i.e.
good shielding), that a semi-rigid cable had to be used in order to provide good isolation of
the external field to the oscilloscope.

A user’s manual of the system is given in [1].

Ay .

Figure 1. Measurement set-up. 700 kW, 3 GHz, mgnetron to the right, transmitting horn
antenna to the left. The aperture under test is mounted on a flange on the aluminum box “the
kiosk”. In the picture the box is located on the rail at a distance of 4284 mm.
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4.6 Thin slot. Results

The thin slot, 46.3 x 0.1 mm, was irradiated at the distances 100 mm (around 52 kV/m),

200 mm (37 kV/m), 300 mm (28 kV/m), 400 mm (24 kV/m), 500 mm (20 kV/m), 600 mm
(18 kV/m), 800 mm (15 kV/m), 1000 mm (12 kV/m) and 1200 mm (10 kV/m). The electric
field strength is given in parenthesis. At 100 mm distance 10 runs were performed. This gave
a standard deviation in the measured field strength of 0.8 kV/m.

At 800 mm distance there were no electrical breakdown registered out of 50 runs. At 600 mm
there were 10 electrical breakdowns out of 100 runs. The measured electric field strength was
E =18.2 £ 0.3 kV/m where £0.3 denotes the standard deviation for 10 pulses. At a distance
of 500 mm ( £ = 20 kV/m) and shorter, electrical discharges always occurred. Figure 22
shows an example of a transmitted pulse at the distance 100 mm, where E =52 kV/m.
Electrical breakdown takes place after about 10 ns. An analysis of 100 runs at 100 mm
distance yields a breakdown time of 11.6 & 3.6 ns. As was noted above, the transmitted field
was, for the thin slot, measured by use of a horn antenna mounted behind the slot (i.e. not by

use of the D-dot probe).

PULSE. THIN SLOT.
T T T

ANTENNA VOLTAGE (a.u.)

0.2 0‘4 0‘6 DLSWIE (m”}( OOOOOO dls‘)z 1‘4 1.‘6 l‘B 2
Figure 22a. Pulse transmitted through the
46.3 x 0.1 mm slot measured using a horn
antenna. Distance 100 mm. E =52 kV/m.

Time domain.
S5_a100_1_030311.

FFT of Antenna Voltage, in dB (a.u.)

- I i I I I I I
27 28 29 3 31 32 33 34 35
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Figure 23a. Pulse transmitted through the
46.3 x 0.1 mm slot. Distance 100 mm.

E =52 kV/m. Frequency domain, between
2.7 and 3.5 GHz. s5_a100_1_030311.
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46.3 x 0.1 mm slot measured using a horn
antenna. Distance 100 mm. E =52 kV/m.
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A frequency analysis around 3 GHz of a transmitted pulse is shown in Figure 23a. The
corresponding frequency plot around 6 GHz is shown in Figure 23b. As can be seen there is
no peak is visible at 6 GHz. Since the slot has a symmetric geometry along the direction of
the electric field it is not expected to have a strong peak at 6 GHz, cf. the discussion in
paragraph 4.1. There is, however, neither any peak at 9 GHz, contrary to what could have
been expected from the discussion in paragraph 4.1, see Appendix C. Out of 100 pulses
studied at 100 mm distance we could not detect any peak at 9 GHz (files named

s5_al00_1 030311,s5 al00 2 030311, ...,s5 al00 10 030311). Furthermore, we see a
broadening of the pulse spectrum around 3 GHz, see Figure 23a, which is, at least
qualitatively, in accordance with the discussion in paragraph 4.2. In fact, if one makes an
analysis of the spectral content of a triangular pulse, which is a far much better description of
the transmitted pulse in Figure 22 than (as in paragraph 4.2) using a rectangular pulse, the fit
between theoretical and measured data becomes good [11; pp. 51].

The reduction in transmitted power at 100 mm distance is, within about one dB, 25 dB [11;
Figure A4, series sl and s5]. This is in excellent agreement with the estimate from FDTD
simulations, and in reasonable agreement with the measurement reported in [14], cf. also
paragraph 4.2. The reduction in transmitted energy depends on the time to breakdown, for the
case considered here (breakdown time around 12 ns, the transmitted energy reduction is about
24 dB [11; Figure A9, series sl and s5].

In Appendix C we also show the complete spectrum, the spectrum close to 0 Hz and that
around 9 GHz.

4.7 Joints subjected to accelerated ageing. Results.

4.7.1 Transmission cross section in reverberation chamber

In order to evaluate possible damage or degradation of the shielding joints the cross-sections
were measured both before and after exposure to the high field levels. The measured
transmission cross-sections before and after the high-level radiation are shown in Figure 24.
In the figure two reference curves are included. The upper curve shows the transmission cross
section for a 30 mm diameter circular hole. This was used as a reference for deriving the
absolute values of the transmission cross sections of the test objects, cf. paragraph 2.2. A solid
hatch, the lower red curve, has been used to establish the measurement floor, i.e. it shows the
cross section corresponding the unwanted leakage around the edges of the test objects. A plot
of the differences is shown in Figure 25. As can be seen in the plot it is difficult to see any
systematic changes after the irradiation. The differences for the test objects are not greater
than the variation for the solid hatch (which has not been subjected to any high level
irradiation). This conclusion holds also for object 38, which is the only object for which a
distinct non-linear process could be detected (that happened only in one of the runs), see next
paragraph.

26
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Figure 24. Transmission Cross Section of the five test objects subjected to accelerated ageing
measured before and after the exposure to the high field levels. The upper curve, 30 mm hole,
is included for reference. The lower curve (red) is measured using a solid hatch.
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Figure 25. The difference between before and after high level irradiation for the curves
shown in Figure 24 (30 mm hole not included).

27



FOI-R--1246--SE

4.7.2 High-level testing

The tests were performed at 100, 200, 500 and 1000 mm distance. Except for test object L38,
where (mostly only weak) non-linear effects are seen at all test distances and a pronounced
effect is seen in one case (see below) non-linear effects are hardly noticeable. The indications
of non-linear effects are here defined by noticeable changes in the time domain shape of the
pulse, and/or the occurrence of peaks at 6 GHz, and/or the occurrence of low frequency
content, the latter presumably due to envelope detection. The problem regarding the difficulty
to detect envelope detection will be discussed below. There are also some noticeable, but
small effects, for L31 for the distances 100, 200 and 500 mm. In general, if there are peaks at
all at 6 GHz they are usually very small and look similar to those visible for open hatch i.e.
they are slightly more than 50 dB below the peak level at 3 GHz. A typical plot for L38 at
200 mm distance in the time- and frequency domain around 6 GHz is shown in Figure 26a.
The corresponding frequency spectrum around 6 GHz is shown in Figure 26b, around 0 GHz
in Figure 26¢, and around 3 GHz in Figure 26d. In Appendix D we include time domain plots
and the corresponding spectra around 6 GHz for the all the 10 measurements for L38 carried
out at 200 mm distance. The peak levels at 6 GHz where —51.8 dB £0.9 below the peak level
at 3 GHz. At least for pulse 1 also a low frequency content can be seen, se Figure D3 in
Appendix D.

None of the five test objects show any peaks at 9 GHz. The detected electric field strength of
the transmitted signal varied, at 200 mm distance, from around 80 V/m for test object L20,
130 V/m for L5, 180 V/m for 140, to around 1 kV/m for L31 and L38.

Test Object L38, pulse 2.
T T T

Test Object L38, pulse 2.
T

Field Strength, in dB (a.u.)
N ® ©
3 3 &
T

\.
=]

ELECTRIC FIELD STRENGTH (V/m)
2
&

FFT of Electric
2
3
T

@
&
T

I
6 6.05
x10°

I I . I I . .
0 0.2 0.4 06 08 1 12 14 16 18 2 585 59 595
TIME (microseconds) FREQUENCY (Hz)

Figure 26a. Pulse transmitted through test
object L38. Distance 200 mm. Pulse 2. E =

38 kV/m. Time Domain.
L38_200_031218.

Figure 26b. Pulse transmitted through test
object L38. Distance 200 mm. Pulse 2. E =
38 kV/m. Frequency Domain, between 5.85
and 6.05 GHz. The expected location of the
peak is denoted by red colour. 38 _200_031218.
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Test Object L38, pulse 2 Test Object L38, pulse 2
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Figure 26¢. Pulse transmitted through test Figure 26d. Pulse transmitted through test

object L38. Distance 200 mm. Pulse 2. E = object L38. Distance 200 mm. Pulse 2. E =
38 kV/m. Frequency Domain, between 0 and 38 kV/m. Frequency Domain, between 2.85
20 MHz. and 3.05 GHz.

L38_200_031218. L38_200_031218.

However, it is interesting to note that in one case, object 38, distance 500 mm, pulse 1, there
is a marked distortion of the pulse in the time domain, see Figure 27a. (It shall be reminded
that the existence of strong non-linear effects means that the calibration factor used in the time
domain plots may not be exactly correct, see paragraph 2.3.1.). The frequency plot around

6 GHz is shown in Figure 27b. The peak at 6 GHz is only 44.6 dB below the peak at 3 GHz.
The frequency plot around 0 Hz is shown in Figure 27c and the plot around 3 GHz in Figure
27d. It is clearly seen that the plot around 0 Hz shows a much stronger variation with
frequency, i.e. the slope is steeper, compared to the other cases (see e.g. the plots for the open
and closed hatch in Appendix C). In Appendix D we present plots using a logarithmic
frequency scale. This makes it easier to distinguish between the 20 dB per decade slope that
has its origin in the compensation for the 1/f-dependence of the D-dot probe, making a

20 dB/decade slope of the background level, and a genuine envelope detection. In those plots
one can clearly notice a difference between the distorted pulse for object 38 (distance

500 mm, pulse 1) and the other pulses. In most of the latter cases there is a steady 20 dB per
decade slope all the way down to 0 Hz. This is not the case for object 38, pulse 1, at the
distance 500 mm, where we can see a shift in the slope towards lower frequencies. Also L38,
pulse 1, at 200 mm shows this behavior although less pronounced. As can be seen in Figure
27 (and in Appendix D) the amplitude of the frequency spectrum for L38 (pulse 1) at 200 mm
distance at 0.25 MHz is about 65 dB higher than the amplitude for the 3 GHz peak. Although
the peak at 3 GHz is much broader it indicates that a lot of energy may have been shifted
towards lower frequencies. Some preliminary analyses based on an integration of the time
domain data (the D-dot probe is derivative) indicate that the level of the signal due to
envelope detection may even be larger than the 3 GHz signal. These conclusions are however
very uncertain and the matter should be further evaluated in the future. As noted earlier the
uncertainty of the analysis of the low frequency content is due to the low sensitivity of the D-
dot probe at low frequencies.
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Test Object L38, distance 500 mm, pulse 1
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Figure 27a. Pulse transmitted through test
object L38. Distance 500 mm. Pulse 1. E=

21 kV/m. Time Domain.
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200

Test Object L38, distance 500 mm, pulse 1.
T T T

FFT of Electric Field Strength, in dB (a.u.)

; 1 ;
25 3 35 4
x10’

L L L
05 1 15

2
FREQUENCY (Hz)

Figure 27c. Pulse transmitted through test
object L38. Distance 500 mm. Pulse 1. E =
21 kV/m. Frequency Domain, between 0 and
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Figure 27b. Pulse transmitted through test
object L38. Distance 500 mm. Pulse 1. E =
21 kV/m. Frequency Domain, between 5.85

and 6.05 GHz.
L38_500_031218.
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Figure 27d. Pulse transmitted through test
object L38. Distance 500 mm. Pulse 1. E =
21 kV/m. Frequency Domain, between 2.75

40 MHz.
L38_500_031218.

and 3.15 GHz.
L38_500_031218.

4.8 Joints subjected to outdoor exposure. Results.

4.8.1 Transmission cross section in reverberation chamber

In order to evaluate possible damage or degradation of the 26 shielding joints the cross-
sections were measured both before and after exposure to the high field levels. The measured
transmission cross-sections before and after the high-level radiation are shown in Figure 28 -
32. Again a solid hatch has been used to establish the measurement floor, i.e. it shows the
cross section corresponding the unwanted leakage around the edges of the test objects. Plots
of the differences are also shown in Figure 28 - 32. As can be seen in these plots it is difficult
to see any systematic changes after the irradiation. The differences for the test objects are
usually not greater than the variation for the solid hatch (which has not been subjected to high
level irradiation). The six objects, COBJ, COCF, MOGM, EOIE, NOIE and N3IE, which
showed the greatest change in shielding after exposure (cf. paragraph 3.2.2) show somewhat
larger deviations after exposure (although the effect is not large).
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Pre(solid) - Post(dotted) High Power Radiation
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Figure 28a. Transmission Cross Section of
five test objects, COBJ, COCF, COHC, COHK
and COKC, subjected to outdoor exposure
measured before and after the exposure to the
high field levels. The lower curve (base line)
is measured using a solid hatch.
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Figure 29a. Transmission Cross Section of
five test objects, COLE, CIBF, CIIE, C2BF
and C2EM, subjected to outdoor exposure
measured before and after the exposure to the
high field levels. The lower curve (base line)
is measured using a solid hatch.
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Figure 28b. The difference between before
and after high level irradiation for the curves
shown in Figure 28a.
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Figure 29b. The difference between before
and after high level irradiation for the curves
shown in Figure 29a.
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Pre(solid) - Post(dotted) High Power Radiation
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Figure 30a. Transmission Cross Section of
five test objects, EOIE, EOLE, FOCF, FOGF
and MOEM, subjected to outdoor exposure
measured before and after the exposure to the
high field levels. The lower curve (base line)
is measured using a solid hatch.
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Figure 31a. Transmission Cross Section of
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Figure 30b. The difference between before
and after high-level irradiation for the curves
shown in Figure 30a.
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Figure 31b. The difference between before

five test objects, MOGM, NOCF, NOFK, NOGM and after high-level irradiation for the curves

and NOIE, subjected to outdoor exposure

measured before and after the exposure to the

high field levels. The lower curve (base line)
is measured using a solid hatch.

shown in Figure 31a.
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Figure 32a. Transmission Cross Section of six Figure 32b. The difference between before
test objects, N1IE, N1IP, N3DF, N3EF, and after high-level irradiation for the curves
N3EM and N3IE, subjected to outdoor shown in Figure 32a.

exposure measured before and after the

exposure to the high field levels. The lower

curve (base line) is measured using a solid

hatch.

4.8.2 High level testing

The tests were performed at 200, 500 and 1000 mm distance. Only 9 of the objects (COHC,
C2EM, FOGF, MOGM, NOGM, N1IP, N3DF, N3EM and N3IE) showed levels of the
transmitted electric field strength greater or equal than 100 V/m. Seven of these (COHC,
C2EM, FOGF, MOGM, NOGM, N1IP and N3DF) frequently showed peaks at 6 GHz at

200 mm and 500 mm distance. FOGF, MOGM, NOGM and N1IP showed also, in some cases,
significant spectral content around and below 1 MHz. Especially FOGF showed rather strong
peaks, about 20 dB above noise level. At 200 mm distance the 6 GHz level was 48.8 £0.5 dB
below the peak level at 3 GHz. Some of the pulses FOGF also show a low frequency spectral
content. It is interesting to note that NOGM at 200 mm show 6 GHz peaks 51.9£1.5 dB below
the peak level at 3 GHz and not any low frequency content, while at 500 mm distance data
show 6 GHz peaks 51.3%£1.0 dB below the 3 GHz level and also in some cases a low
frequency content. In neither of the cases the relative low frequency content were as strong as
for test object 38 at 500 mm distance (pulse 1), see paragraph 4.7.2, it rather compares with
the same object at the distance 200 mm. It can also be noticed that in most cases there were no
strong distortions of the pulses in time domain.

In Appendix E we show time- and frequency domain plot of all 10 pulses registered for test
object FOGF at 200 mm distance.

5 Conclusions and Future Work

e No major degradation of the 31 corroded test objects could be detected after
irradiation at high field levels.

e Most of the tested objects showed rather small changes of the time domain shape of

the transmitted pulse. Also, most of the objects showed no, or rather small peaks at 6
GHz. In all cases the peak levels at 6 GHz were very much lower than the
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corresponding peak levels at 3 GHz. This indicates only a very limited effect due non-
linear behaviour. However, many of the cases that show enhanced peaks at 6 GHz also
indicate a significant spectral content below and around 1 MHz. A preliminary
analysis, which is however uncertain due the low sensitivity of the D-dot probe at low
frequencies, indicates that the energy content at low frequencies might in several cases
be of the same order as that around 3 GHz. This should be further evaluated in the
future.

6 Future Work

A further evaluation of the low frequency data, which indicates large energy contents at low
frequencies, probably due to envelope detection, should be made. This will probably require a
new measurement set-up using an electric field probe having a much larger sensitivity at low
frequencies.
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APPENDIX A.
Photos of joints subjected to accelerated ageing (from first SCI study).

Figure Al. Object L5: Aluzink plate and lid,  Figure A2. Object L20: Stainless steel plate

CuBe contact fingers after exposure to and lid, carbon filled PTFE gasket, 3.2x1 mm

corrosion test 3 [9]. (supplied by Gore). After exposure to
corrosion test 4 [9].

Figure A3. Object L31: As for L5, but Figure A4. Object L40: Clear chromated

corrosion test 4 [9]. aluminum plate and lid, silver filled
elastomer. After exposure to corrosion test 4
[9].
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APPENDIX B. Time-domain plots of magnetron pulses.
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Figure Bl. Pulses from magnetron measured in the reference port. Time-domain. File:

UL 100 04011, pulses 1 to 10.
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APPENDIX C. Frequency-domain plot for open hatch, solid hatch and slot.
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Figure Cl. Pulse measured in test box with
solid hatch. Frequency-domain, between 2.85

and 3.05 GHz. Solid pytte 06_500 050225, first
pulse.

180

170

160 -1

1501

1401

1301

120

FFT of Electric Field Strength, in dB (a.u.)

110

100

90

800 0‘.2 0‘4 0.‘6 O.‘B ‘1 1‘.2 1‘4 1.‘6
FREQUENCY (Hz) x10"

Figure C3. Pulse measured in test box with

solid hatch. Frequency-domain, between

and 20 MHz. Solid pytte 06 _500 050225, first
pulse.
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Figure C2. Pulse measured in test box with
solid hatch. Frequency-domain, between 5.85

and 6.05 GHz. Solid pytte 06_500 050225, first
pulse.
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Figure C4. Pulse measured in test box with

open hatch. Frequency-domain, between ()

and 20 MHz.
UL 100 040112, first pulse.
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Figure C5. Pulse transmitted through the 46.3 x 0.1 mm slot. Distance 100 mm. E =52 kV/m.

Frequency domain, between 0 and 10 GHz.
S5_a100_1_030311.
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Figure C6. Pulse transmitted through the Figure C7. Pulse transmitted through the 46.3
46.3 x 0.1 mm slot. Distance 100 mm. E =52 x 0.1 mm slot. Distance 100 mm. E =52
kV/m. Frequency domain, between 0 and 20  kV/m. Frequency domain, between 8.8 and 9.2

MH:z. GH:z.
S5_a100_1_030311. S5_a100_1_030311.
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APPENDIX D. Time- and frequency-domain plots for (mainly) test object
L38.
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Test Object L38, pulse 4.
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Test Object L38, pulse 8.
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Figure DI1. Time and frequency domain, between 5.85 and 6.05 GHz. Test object L38.

Distance 200 mm. E = 38 kV/m.
L38_200_031218
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Test Object L38, distance 200 mm, pulseL.
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Figure D2. Pulse transmitted through test Figure D3. Pulse transmitted through test
object L38. Distance 500 mm. Pulse 1. E = object L38. Distance 200 mm. Pulse 1. E =
21 kV/m. Frequency Domain, logarithmic 38 kV/m. Frequency Domain, logarithmic
frequency scale. frequency scale.
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object L38. Distance 200 mm. Pulse 2. E = object L38. Distance 200 mm. Pulse 3. E =
38 kV/m. Frequency Domain, logarithmic 38 kV/m. Frequency Domain, logarithmic
frequency scale. frequency scale.
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53 kV/m. Frequency Domain, logarithmic antenna. Distance 100 mm. E = 52 kV/m.
frequency scale. Frequency Domain, logarithmic frequency
UL_100_040112. scale. s5_a100_1_030311.
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APPENDIX E. Time- and frequency-domain plot for test object FOGF.
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FOI-R--1246--SE

Test Object FOGF, distance 200 mm, pulse 3.
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FOI-R--1246--SE

Test Object FOGF, distance 200 mm, pulse 5.
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FOI-R--1246--SE

Test Object FOGF, distance 200 mm, pulse 7.
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FOI-R--1246--SE

Test Object FOGF, distance 200 mm, pulse 9. Test Object FOGF, distance 200 mm, pulse 9.
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FOI-R--1246--SE

Test Object FOGF, distance 200 mm, pulse 10. Test Object FOGF, distance 200 mm, pulse 10.
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Figure El. Time and frequency domain plots for test object FOGF, all 10 pulses. Distance
200 mm. E = 37 kV/m. For each pulse: Upper left: Time Domain, Upper right: Between 2.85
and 3.05 GHz; Lower left: Between 5.85 and 6.05 GHz; Lower right: The complete frequency

interval using logarithmic frequency scale.
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