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1.0 SCOPE

The intent of this report is to present the results of the site survey of October 24-26, 1997,
which was intended to record the electromagnetic conditions at the LIGO facility, prior to
the installation of experiment electronics. The survey included the following tests:

1. RF Spectrum (Radiated), 10 kHz - 200 MHz
2. Conducted Emissions, Technical Power, 9 kHz - 266 MHz
3. Conducted Emissions, Technical Power, Time Domain
4. Ground Noise, Technical Power, 9 kHz - 200 MHz
5. Ground Noise, Technical Power, Time Domain.

2.0 TEST SITE

The electromagnetic site survey was performed at the LIGO facility on the Department of
Energy Hanford Nuclear Reservation near Pasco, Washington.

The radiated emissions were measured at three locations:

1. Near the eastern end of the warehouse building, located across the access
road and south of the Corner Station Laser and Vacuum Equipment Area.

2. Inside the Comer Station Laser and Vacuum Equipment Area, near the
beam tube apex.

3. On the concrete pad adjacent to the outside of the Comer Station LVEA, on
the (building) northeast side.

The conducted emissions were measured at one location:

1. Power panel for CDS Rack for BSC 1, Panel # W-CS-PD-105CDSAC-61.

Due to test time limitations, no testing was performed at the 4 km IF0 PSL Power Panel.
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3.0 SITE SURVEY TESTS PERFORIWIED

The site survey tests were performed in compliance with the EMl Survey Test Matrix for
Hanford, provided by Caltech,  dated October 1, 1997. Refer to Appendix A for a copy of
that matrix. Testing details follow.

RF Spectrum (Radiated Emissions). 10 kHz - 200 MHz

At each radiated emissions test location, an active rod antenna (monopole antenna with
counterpoise and integral preamplifier) and a biconical antenna were each set up on a
tripod. An RF coaxial cable was run from each antenna in turn to the receiving spectrum
analyzer. The spectrum analyzer scanned from 10 kHz through 30 MHz with the active rod
antenna, and from 30 MHz through 200 MHz with the biconical antenna. The rod antenna
was oriented vertically, to measure the vertical electric field component of incident
electromagnetic fields. The biconical antenna was oriented both horizontally and
vertically. For the horizontal polarization of the biconical antenna at each test location,
two perpendicular orientations of the antenna were used. At each radiated test location,
the counterpoise of the rod antenna was positioned approximately 50 inches above the
ground or floor surface, while the center point of the biconical antenna was elevated
approximately 64 inches in each case. Both narrowband (apparent signal amplitude
independent of receiver bandwidth) and broadband (signal amplitude adjusted to an
equivalent 1 MHz bandwidth) signal levels were recorded. The following bandwidths were
utilized:

Frequency
Ranqe

9kHz- 150kHz

150 kHz - 30 MHz

30 MHz - 200 MHz

Spectrum Analyzer
Resolution Bandwidth
for Radiated
Broadband Testino

9 kHz

120 kHz

1 MHz

Spectrum Analyzer
Resolution Bandwidth
for Radiated
Narrowband Testinq

1 kHz

9 kHz

120 kHz.

It should be noted that 129 dBuV/m (narrowband electric field intensity) is 1 volt per meter,
and 120 dBuV/m/MHz (broadband) is 1 volt per meter per megahertz bandwidth. The
apparent amplitude of broadband (impulsive) signals increases with the wider receiving
bandwidth used for the broadband testing, while the apparent amplitude of narrowband
(CW, single frequency, or spectrally confined) signals does not increase with receiver
bandwidth increase. As a first approximation, for general (non-receiver) electronic
equipment, a field intensity of 1 volt per meter is a marginally significant field, assuming
sufficient external or internal conductor length to function as a (unintentional) receiving
antenna to may cause equipment upset. Intentional receivers, of course, may be upset by
much lower levels, on the order of 0.1 - 10 microvolts per meter within their reception
bandwidths.



RF “Q” of LVEA

This test was to be performed twice: once inside the LVEA, and once outside the building.
The intent of the test was to determine whether the LVEA was likely to produce RF
standing waves at higher than incident field strength due to effective enclosure Cl. The
indication of enclosure resonance would be a peak at a narrow range of frequencies
inside the LVEA that did not occur during the test outside the LVEA. A broadband RF
“white noise” source provided by LIGO at the Hanford site was attached to a simple wire
dipole antenna, with each arm of the dipole measured to be 160 inches (4.06 meters) in
length. The nominal resonant frequency of the wire antenna is approximated to be 36.9
MHz. The radiating broadband source was first set up inside the LVEA near the beam tube
vertex. The wire antenna elements were stretched out across the floor from the noise
source, which was sitting on top of a nonconductive (cardboard) box, approximately 16
inches above floor level. The radiated emissions were measured over the frequency range
of 10 kHz - 200 MHz. The receiving rod antenna was vertically polarized only (10 kHz - 30
MHz), while the receiving biconical antenna (30 MHz - 200 MHz) was polarized both
vertically and horizontally. Inside the LVEA, the horizontally polarized transmitting wire
dipole antenna was successively oriented both east-west and north-south (building
cardinal directions). The transmitting and receiving antennas were separated a measured
22 feet. For the outside test, the transmitting dipole antenna was oriented east-west
(building cardinal directions) only.

Conducted Emissions, 9 kHz - 200 MHz

The intent of the conducted emissions testing was to record the conducted noise voltage
and conducted noise current on the 120 VAC, 60 Hertz power system, with the HVAC
(heating, ventilation, and air conditioning) system both on and off. The test location was
as specified by the LIGO EMI test matrix. During the conducted emissions testing, the AC
power line was terminated in a nominal 750 watt resistive load bank comprising four
resistive elements. The elements were provided by MIT, which were wired in parallel on a
sheet metal heatsink  by the author. During testing, the load bank was placed directly on
the concrete floor. The load bank sheet metal heatsinklmounting plate measures
approximately 20 inches by 24 inches. For the conducted current testing, an RF clamp-on
current probe was successively clamped around each of the two AC power leads (high
and return), as well as around both leads simultaneously, to measure both differential
mode and common mode emissions respectively. Both narrowband and broadband
emissions were measured, using the following bandwidths:

Frequency
Ranqe

Spectrum Analyzer Spectrum Analyzer
Resolution Bandwidth Resolution Bandwidth
for Conducted for Conducted
Broadband Testing Narrowband Testina

9 kHr - 150 kHz 9 kHz 1 kHz

150 kHz - 30 MHz 120 kHz

30 MHz - 200 MHz 1 MHz 120 kHz.
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Note that the bandwidths used for conducted emissions were identical to those used for
the radiated emissions tests.

For the conducted voltage interference tests, the resistive load bank was used again, and
a 0.1 microfarad capacitor in series with a 5 kilohm resistor series network was connected
from each of the high and return AC power leads to the grounded resistive load bank
heatsink. The 50 ohm spectrum analyzer input was connected across the 5 kilohm
resistor. The purpose of the 0.1 uF15k ohm network was to decouple the 120 VAC power
frequency, to preclude damage to the sensitive spectrum analyzer input, while the 0.1 uF
capacitor presented minimal loss to the higher signal frequencies to be measured. The
use of such a line coupling network is common, and is similar to using a line impedance
stabilization network.

The conducted EMI was measured in the following units. For convenience of reference,
equivalent common units are shown.

Conducted EMI Voltaqe Units:

Narrowband Broadband

dBuV dBuV/MHz

Note: 120 dBuV = 1 volt. Note: 120 dBuVlMHr  = 1 volt per megahertz bandwidth.

Conducted EMI Current Units:

Narrowband Broadband

dBuA dBuA/MHz

Note: 120 dBuA = 1 ampere. Note: 120 dBuA/MHz = 1 ampere per megahertt  bandwidth.

Conducted Emissions, Time Domain

The intent of the time domain conducted emissions testing was to record oscillographic
power line voltage and current waveforms, as well as to determine the level of power
frequency harmonic distortion, also for both voltage and current. The voltage was
measured directly with a standard voltage probe from a Tektronix THS720P  100 MHz
bandwidth digital oscilloscope attached between the AC power line high and return lead,
at the resistive load bank. The current was measured with the same oscilloscope and a
Tektronix A621 clamp-on current probe clamped around the AC high lead. The harmonics
were measured from the fundamental, 60 Hertz, through the seventeenth harmonic, 1,020
Hertz The harmonics were determined through usage of the Tektronix Wevestar software
package. During testing, the oscilloscope was battery powered, eliminating concerns of
error-producing ground loops.
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Groundina (Conducted Emissions), 9 kHz - 200 MHz

This conducted emissions testing was similar to the frequency domain conducted
emissions testing previously described. The voltage EMI was measured between the
neutral, or return, power lead and ground. The current EMI was measured on the “green
wire” AC ground conductor. Both broadband and narrowband testing was performed,
using the previously described spectrum analyzer bandwidths.

Groundina (Conducted Emissions), Time Domain

This conducted emissions testing was similar to the time domain conducted emissions
testing previously described. The voltage EMI was measured between the neutral line and
ground, while the current EMI was measured on the green wire ground conductor to the
resistive load bank. Both oscillographic and harmonic measurements were recorded.

4.0 TEST RESULTS

RF Spectrum (Radiated Emissions), 10 kHz - 200 MHz

The radiated emissions profile at the remote LIGO site was low. No significant emissions
above the noise floor of the spectrum analyzer were recorded. No worrisome (with respect
to potential electronic equipment upset) radiated signals were seen. Radiated emission
levels were essentially identical with the HVAC both on and off.

RF “Q” of LVEA

No evidence of LVEA enclosure resonance was observed.

Conducted Emissions. 9 kHz - 200 MHz

The conducted emissions profile was also low. No significant emissions above the
spectrum analyzer noise floor were observed. Again, no significant difference in
emissions was caused by turning on the HVAC.

Conducted Emissions. Time Domain

The tested power line had no observed strong EMI sources. Power frequency harmonic
distortion was very low.

Groundinq (Conducted Emissions), 9 kHz - 200 MHz

The neutral-to-ground voltage and ground lead EMI current levels were quite low.
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Groundinq (Conducted Emissions). Time Domain

The neutral-to-ground voltages and ground current levels were very low.

5.0 CONCLUSIONS

At the time of the survey, the LIGO Hanford site was electromagnetically quiet. No
significant radiated or conducted electromagnetic energy was detected.



APPENDIX A

EMI SURVEY TEST MATRIX






















































































































































































