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PREFACE 

The use of high speed guided ground transportation systems for both 
urban and intercity travel, including magnetically levitated 
(maglev) trains, might become a reality within the decade. The 
first such system in the united states will probably be the Florida 
Maglev Demonstration Project in Orlando, which is based on the 
German electromagnetic attraction (EMS) technology represented by 
the TransRapid (TR-07) prototype. The Federal Railroad 
Administration (FRA) has the legislative responsibility for the 
safety of maglev systems in the United States, under the provisions 
of the Rail Safety Improvement Act of 1988. 

One of the emerging environmental health and safety concerns 
relates to potentially adverse health effects of extreme low 
frequency (ELF) electric and magnetic fields (EMF) associated with 
power lines and electrified transportation systems. Magnetic fields 
at power and harmonics frequencies are of greater public concern, 
because, . unlike electric fields, they are pervasive, penetrate 
biological tissue, and are more difficult to shield. In addition, 
maglev and high speed rail (HSR) systems, like most novel and 
unproven technologies, will undergo more public scrutiny in order 
to convincingly demonstrate their safety. However, no systematic 
data on EMF characteristics for existing and advanced electrified 
transportation systems exists on which to base an assessment of 
relative emissions profile and associated potential health impacts .. 

The FRA, with technical and administrative support from the 
Research and Special Programs Administration (RSPA) Volpe National 
Transportation Systems Center (VNTSC), has sponsored a 
comprehensive series of studies and reports addressing the safety 
issues for candidate high speed rail technologies and systems. The 
FRA, through VNTSC, has contracted with Electric Research and 
Management, Inc. (ERM) to measure, characterize, and analyze EMF 
emissions for both established and advanced rail systems, in order 
to compile a database on their common and specific EMF signatures, 
as the basis for comparing them with typical home, work and power 
line EMF environments. This report on measured levels, spatial, and 
frequency characteristics of both static (dc) and alternating (ac) 
magnetic fields associated with the TR-07 maglev, is the first of 
a series: future reports will describe and discuss EMF 
characteristics for representative electrical rail systems, 
existing or proposed for u.S. applications. 

This report was prepared by ERM personnel, including Fred Dietrich, 
Program ~anager, William E: Feero, George Steiner, and David 
Robertson. We acknowledge technical guidance from the FRA sponsor, 
Mr. Arne Bang, and close interaction with the Technical Monitor, 
Dr. Aviva Brecher of VNTSC. We also acknowledge experimental design 
assistance from Dr. Ross Holmstrom, and support from Mr. Robert M. 
Dorer, Project Leader of the VNTSC Safety Analysis team. 
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1.0 EXECUTIVE SUMMARY 

This document is the final of two reports describing the magnetic 
field measurements conducted onboard the Transrapid TR07 Maglev 
Vehicle and in the vicinity of the vehicle, guideway, passenger 
station, control center, and power supply facilities at the 
Transrapid Tes~ Facility in Emsland, Germany in August 1990. The 
earlier report described· the nature of the tests and the test 
equipment, cataloged the collected data, and provided an interim 
analysis of approximately 20% of the data consisting of time domain 
and frequency domain "snapshots" of the magnetic field. The bulk 
of the data collected on the TR07 System consisted of magnetic 
field waveform recordings collected in rapid succession to document 
the temporal fluctuations of magnetic field conditions over periods 
of time considerably longer than the short term "snapshot" 
recordings. These data have now been analyzed and, to a 
considerable extent, form the basis of the material contained in 
this report. The conclusions presented in this document are 
comprehensive in the sense that they are drawn from material in the 
first report, material in this report, as well as data on the 
Transrapid System from other sources. 

1.1 Background 

At the outset of the TR07 test it was recognized that the simple 
magnetic field survey instruments used for transmission and 
distribution line surveys would be inappropriate for quantifying 
the fields associated with the TR07. Many of the laboratory 
studies and a concurrent body of clinical studies have reported 
effects which appear to result from exposure to fields over a wide 
range of magnitudes and frequencies. Most of the existing field 
survey meters were sensitive only to a relatively narrow band of 
frequencies, centered on the power frequencies of 50 and 60 Hz. 
Any serious attempt at magnetic field quantification which would 
claim to serve as a basis for evaluating public health effects must 
not inadvertently be a selective measure of the magnitude at a 
single or narrow band of frequencies. In the extreme, if health 
effects are found, the continuum of electromagnetic exposure may be 
required to establish relative risk. Practically, it has only 
recently been possible to ~ecord and store all of the discrete 
segments of the frequency bands which biological reports suggest 
maybe important. 

Based on the biological studies reported through 1990, the TR07 
measurements focused on the frequency bands from dc, or zero 
frequency, to 2000 Hz ("Hz" is defined as "cycles per second"). 
The study also only measured the magnetic field, because the 
electric field was not expected to differ from that found in most 
building environments. Onboard the train, since the metallic 
structure of the train is between the electrical system and the 
passenger compartment, it is reasonable to assume that the electric 
fields interior to the train would be minimal. It is also the 
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experience of researchers that making measurements of electric 
fields in anything but a very precisely defined environment is of 
little value. Since human bodies· are extremely good shields 
relative to electric fields, data collected by positioning sensors 
in an environment in close proximity to occupied space is difficult 
to interpret. 

Magnetic fields are not shielded by biological systems. Metallic, 
non-ferromagnetic materials only mildly affect_ low frequency 
magnetic fields. Ferromagnetic materials do provide some shielding 
of magnetic fields, but complete shielding is rarely practical. 

The magnetic field data collected from TR07 was significantly more 
complicated than that which is found in the vicinity of power 
lines. The most significant complications arise from the followihg 
characteristics of the TR07 magnetic fields. 

Multiple Sources: The magnetic fields onboard or in the 
vicinity of the TR07 Maglev system arise from multiple 
s6urc~s, hence spatial distributions cannot be expressed as 
simple attenuation curves which are temporally stable. 

continuous Freguency Distribution: The time-varying component 
of the guidance and levitation magnetic fields have a 
distributed'rather than discrete frequency distribution. 
Consequently, one must address field intensities in various· 
bands of finite width rather than fields at specific 
frequencies. 

variable Freauencv Components: The magnetic field from the 
longstator of the linear synchronous motor (or from the power 
equipment driving that field) is a discrete· frequency 
component which varies over time. Consequently, simple 
averaging of repetitive frequency spectra will obliterate this 
component of the field as a discrete component. 

1.2 Organizing Electromagnetic Data 

To measure the magnetic field environment of the TR07, a new 
magnetic field monitoring system developed under the sponsorship of 
the Electric Power Research Institute was used. The system, 
marketed under the brand name MultiWave™, has the capability to 
record and store 3-axis magnetic fields in up to 40 different 
physical locations nearly simultaneously. The 3 -axis feature, 
combined with waveforms captured ·in each axis (vertical and·both 
transverse and longitudinal), preserves the direction, magnitude, 
polarization, and frequency spectrum of the magnetic field at each 
point in space which was measured. To gain temporal information on 
the nature of the magnetic field, the field is sampled repetitively 
at intervals set· by the test requirements. Using this system 
generates excellent but. extensive data. Before undertaking the 
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evaluatlon of,the magnetlc fleld characterlstlcs of _the TR07, lt 
was necessary to develop subsets of the data which partitioned it 
into frequency bands which would facilitate understanding-.its 
significance relative to previous.res~arch. Aggr~gating the data 
within the s~bsets.allowed the authors to draw general conclu$ions 
as to the character and expected impact of the fields produced' by 
the TR07. - - - -. 

While the exact procedure for developing . subsets can only be 
explained b~ carefully reading the body of the report, in .~ssence 
the data was decompo~edinto freque~cy bands of only 5-Hz. Usirig 
Fourier transform techniques it ·was possible to evaluate the 
frequency spectra from approximately 2.5 Hz_ to 2562 .. 5 Hi. The-data 
can be shown graphically over such a wide bandwidthJ but to;have 
data to relate to reported health concerns, it seemedappropri~te 
to segregate the data into groupings. These groupings were chosen 
to be: the static field, or dc. field; the sub~powerfrequencies 
from 2.5 Hz to 47.5 Hz; power frequencies from 47~5 Hz to 62.5 Hz; 
low super· power frequencies from 62.5 Hz to 302.5 Hz; and high 
super power frequencies from 302.5 Hz to 2562.5 Hz. Aggregation of 
the data from all the sample intervals into these subse.ts provided 
magnitude and frequency summaries that . might be important _in 
determining the possibility of the_ various biological effects that 
have been reported. I~ also_ p~ovided for a means of evaluating 
previously measured data ori other electro-technologies t~ken.with 
simpler instrumentation systems. . . . 

1.3 Findings 

The body of this report presents the resultsof.the analysis of 
this extensive measurement of magnetic fields within .theTR07 
vehicle ·along the guideway, at the passenger station, and in the 
vicinity of the power supply equipment used to op~rate the ~ystem. 
A general, finding is tnat the magnetic fields at all of_ these -
locations have complex frequency spectra that are highly va.-tiable 
over time. These characteristics.of the magnetic fields iri the 
TR07 vehicle and near associated equipment differ from those of 
magnetic fields produced by electric power lines, where the fields 
are predominantly 50 Hz or 6Q Hz and somewhat more temporally 
stable. Specifi~ally, we foun~ the following: 

Passenger Compartments: The time-varying ma~netic fi~ldsin 
the passenger compartments of the TR07 vehicle covered the 
frequency range from 2.5 Hz to over 2 kHz and were highly 
variable over time. The average field levels ranged from 
approximately 100 mG near the floor of the vehicle to 
approximately 20 mG at standing head level. Aside from the 
strong-height dependence, the m~gnetic field levels were not 
strongly dependent on location _ w.i thin the passenger 
compartment. The standard deviation of the m~gnetic fi~ld 
intensity over time was typically 40% of the ~e~n Value, but 
maximum values at any height above the floor were often 2-1(2 
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times the average values. Typically, 70 to 80 percent of the 
time-~arying magnetic fieldS were at frequencies below 47.5 
Hz. The static magnetic field level within the passenger 
compartments was dominated by the geomagnetic fields at 
standing head level. Higher static fields resulted mainly 
from vehicle-generated fields near the floor. Fields in 
between were a varying mixture of the fields from these two 
sources. Average static magnetic field levels near the floor 
were 835 mG (as compared to the earth's magnetic field in that 
vicinity of 500 mG) ~nd ~educed to approximately 500 mG at 
standing level. static fields were more spatially variable 
but slightly more stable over time than the alternating or 
time-varying fields. The fields measured in the engineer's 
c6mpartment were similar to that of the' passengers' 
compait~entexcept that there was less reduction of the field 
intensity with an increasing height above the floor. 

Near the Guideway: Elevated ma~netic field levels only exist 
near the guideway for very brief periods of time when the 
guidew~y is energized and a vehicle is passing. The maximum 
time-varying magnetic field leve'ls within 3 meters of the 
center line of the guideway are comparable to average field 
levels onboard the vehicle, 65 mG to 95 mG, but occur only for 
a brief period of time. At 10 meters from the center line of 
the guideway, the guideway height is not a significant factor 
in determining field level and the maximum time-varying 
magnetic field levels are approximately 20 mG. Like the 
fields onboard the vehicle, the magnetic fields along the 
guideway have a complex frequency spectrum, with the largest 
fields at frequencies below 47.5 Hz. Upless the TR07 vehicle 
stops and levitates, the system does not produce a static 
field' near the guideway significantly different from the 
earth's magnetic field. 

Passenger Station: Magnetic field levels at the passenger 
station are similar in nature to those along the guideway. 
Time-varying field levels near the edge of the loading 
platform approach 300 mG as the vehicle passes by, but this is 
in a vicinity where people will not be permitted while the 
vehicle is moving. Wi thin the waiting area at the station the 
time-varying magnetic fields produced by the passing vehicle 
on the energized guideway is approximately 20 mG. As in other 
locations alring the guideway the magnetic field is 

. predominantly low frequency components below 47.5 Hz and 
occurs only for brief instances when the vehicle passes on the 
energized guideway. 

Power Equipment: 'The magnetic fields near power equipment 
have different frequency and time characteristics from those 
onboard the TR07 vehicle or along the guideway. The magnetic 
field characteristics near one piece or group of equipment 
differ from those near another. Although time-varying 
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magnetic fields ne'ar th~p:rin,cJpal 'piede,s 9f equipment· have 
very complex frf§!quencie~ and' temporal' characteristics, , the_ 
average field intensities are gen'erally .,low, approximately .. 

. ~mG. The significarit expeptiort, to that trend is th~field 
levels near theinvert~r 'bdilding, approximately 2D ~Gat 5'. 

:meters' distance from t~e building. Sincie this entire,area is 
fe,nced, with limited personnel access, fr!=quenthuman exposure 
to magnetic fields from the power supply equipment ' is 
unlik~ly. - . 

Feeder Cables: Feeder cables are the only major cpmponent,~f 
the power supply system outside controlled areas. . All the ,
atte~pts t6 me~~ure m~gnetic fields from these cables were 
difficiult. Tbe fi~ld~ from the cabl~ were.small,.iR comparison 
to', the' fields from nearby sources. "Although the situation 
made measurement of the cable field somewhat imprecise, the 
data shows the time-varying magnetic fields of all the cables 
are less than 2 mG and attenuate quickly with distance frofu' 
the cables. The cables and ,the power site supply equipment 
h~d rio me~surable effect on the earth's static magnetic field 
other than the passive perturbation of the field ,due to the 
ferromagnetic:material u~ed ,in construction of structures and 
equipment. 

1.4 Compari~on of TR07 Fi~lds to Other Environmental. Magnetic 
Fields ' 

Existing scien~iflc kno~ledge provide& nosou~d insigh~ asio what 
aspects of low frequency magneti6 field, exposure, if, ~ny, ~re qf 
biological 'c6ncern. Consequeritly, public ~ccieptance of magnetic 
field exposures is presently more on an equitable. and comparable 
basis to other exposures than it is to quantifiable characteristics 
of the field itself. It is in that light that this comparison and 
contrast of magnetic fields produced by the TR07 to other 
environments is presented. 

static Fields: The static fields encountered onb~ard the TR07 
vehicle,mean values 'from 500 mG to 1000 mG, are generally 
~ithin the range of static fi~lds encountered daily in the 
perturb~ted geomagnetic fields (250 mG to 1000 mG). The p~ak 
val~es' encountered neai the floor of the vehicle, are 
c6mparable to those near a refrigerator which is equipp~d with 
a magnetic door seal.' The. magnitude of the static field 
onboard the TR07 vehicle has SUbstantial temporal variability., 
Sizeable changes in static field intensity occur more 
frequently andmo're rapidly than' do most changes in the 
geomagnetic field which result from walking past a perturbing 
object such as a steel column. or beam. static field 
~onditions 'at the station, along the guideway, or near power 
supply equipment are es~entially all geomagnetic .fields, with 
rio signifidant contribution from active operation of the TR07 
system'. 
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Field Frequency: .The frequ,ency characteristic of the time
varying magnetic fields .onboard the TR07 vehicle at the 
station, near th~ guideway, or near the power supply equipment 
are unique from those that have been measured to date anywhere 
else in the environment. 'There are no compelling scientific 
data available which demonitrate that field frequency is a 
significant parameter in adverse, effects of low frequency 
magnetic field exposuie on human health, or that that 
parameter should be evaluated. However, there are a number of 
proposed mechanisms for interaction and a variety of 
experimental studies which suggest that frequency 
characteristics of the magnetic field are equally important as 
the intensity parameter for eliciting a biological response. 
Consequently, . a comparison of the fields at the various 
sourcei should include a comparison of the fi~quency 
characteristics. 

The magnetic fields onboard the TR07 system generally have 
their highest components at frequencies below the power 
freq'uency, a frequency range where othe'r common field sources 
produce little or no magnetic fields~ Undoubtedly, there are 
industrial or scientific facilities which produce magnetic 
fields in the sub-power frequency range, but there are. no data 
currently available for comparison. 

The magnetic fields produced by the TR07 at the power 
frequency range are generally a small portion of the overall 
fields; the converse is true for most environmental fields. 
A notable exception is near the transformer yard where the 
power frequency predominates. Onboard the TR07 vehicle and 
along the guideway the field varies with frequency within the 
power frequency band of 47.5 Hz to 62.5 Hz, while for other 
common frequency sources the frequency is stable at 50 Hz or 
60 Hz. 

The magnetic fields produced by the TR07 propulsion system in 
the frequency band of 62.5 Hz to 302.5 Hz are, in terms of 
frequency, comparable to envi~onmental ma~netic fields 
produced by harmonic distortion of the power frequency 
electric currents in wiring aDd appliances. There is a 
difference in that the frequency of the TR07 is more 
continuously variable throughout this frequency range than the 
discrete harmonic steps which characterize most other 
environmental fields. For purposes of comparison to other 
environmental fields, little data is available from other 
electro-technologies in the frequency range between 300 Hz and 
2560 Hz. 

Time Characteristics: The time characteristics of the 
magnetic fields produced by the TR01 are highly variable over 
time, especially at the station and along the guideway. Most 
other sources of environmental magnetic fields tend to be more 
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stable in frequenci and intensity over time. To date, the 
characterization of-~ntermitt~nt fields near appliances and 
industrial equipment is very limited, consequently there does 
not exist a database against which to match the temporal 
flrictuations that characteriz~· TR07 fieids. Although 
intermittency of magnetic fields has been suggested as a 
factor . of biological significance, experime!1tal data 
supporting that suggestion is limited. 

Amplitude Characteristics: Notwithstanding the aforementioned 
need to compare the temporal and frequency characteristics for 
various low frequency magnetic fields, this sUbsection will 
compare the measured magnetic field levels onboard and near 
the TR07 facility to reported magnetic field levels near 
var ious power frequency sources.·· The lack of comparable 
environmental field data in several of the frequency bands 
makes any other approach unworkable. The reader must be aware 
that the comparison of the· total magnetic field bandwidth 
between 2.5 Hz and 2562.5 Hz of the TR07 to the predominantly 
power frequency environment field levels concurrently reported 
-in the literature is an apples-to~oranges comparison. With 
that important caveat, generalizations are offered. 

The magnetic fields· of magnitudes found in the passenger 
compartment of the TR07 can be shown to fall well within the 
intensity levels that characterize magnetic fields found near 
appliances and at the edge of transmission line rights-of-way. 
The magnetic field intensities found in the engineer's 
dompartment are si~ilar in intensity to those found at the 
edge of transmission line rights-of-way and in close proximity 
to standard household appliances. The magnetic field 
intensities found near the guideways exhibit a highly temporal 
characteristic. When a train passes by, the magnetic field 
magnitudes close to the guideway are typical of those found at 
the edge of transmission line rights-of-way and near hoUsehold 
appliances. The magnetic field levels remote from the 
guideway are similar to fields found near distribution line 
rights-of-way. The fields found at the passenger station 
platform have intensities that range, while the train is 
passing, from those found at the edge of transmission line 
rights-of-way and near household appliances to field levels 
below those near distribution lines. The magnetic field 
intensities found near the power equipment are at or below 
those typically found around utility power equipment, and at 

-or below those found near distribution line rights-of-way. 
The magnetic field intensities found in the immediate vicinity 
of the underground feeder cables are similar to those found 

-immediately adjacent to distribution line rights-of-way and 
decay very rapidly to background fields with distance from the 
cables. 
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1.5 Comparison of TR07Fieids to Existing Standards 

There· are only a few existing standards worldwide that could be 
used to evaluate the fields produced by the TR07. They are 

The World Health Organization's (WHO) "Criteria 69." TR07 
magnetic fields onboard the vehicle are at least two orders of 
magnitude below the level set as the maximum for continuous 
exposure by the WHO. 

International Radiation Protection Agency (IRPA) .. The maximum 
magnetic field intensities found on the TR07 are one order of 
magnitude below the 1 Gauss continuous public exposure 
criteria set by IRPA. 

German standard DIN VDE 0848. Magnetic field intensities 
onboard the TR07 vehicle are at least 2 orders of magnitude 
below the criteria set by DIN VDE 0848. 

American Conference of Governmental Industrial Hygienists 
(ACGIH). The magnetic fields onboard the TR07 are 3 orders of 
magnitude below the criteria set by this standard. 

state Power Line Limits. These are not standards; they are 
status quo rulings handed down by the state of Florida and the 
State of New York, pertinent only to edge of right-of-way 
fields. However, the magnetic field. intensity levels found on 
TR07 are generally less than 100 mG, which under the most 
stringent application of these rulings is less than two-thirds 
of the magnetic field value permitted. 
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2.0 OVERVIEW 

2.1 Background 

The increasing public awareness of the controversy over possible 
health implications due to exposure to magnetic fields makes it 
desirable to quantify the magnetic fields associated with use or 
operation of all electrical apparatus. Whether justified or not, 
new electrical technologies find that their possible environmental 
impact is questioned . more than existing technologies. Any 
technology whose successful introduction requires rapid acceptance 
by the general public and/or the gaining of rights-of-way from 
segments of the public who might not directly benef it from the 
technology must be prepared with indepth answers to any question 
that may arise about the characteristics of the technology. 
Therefore, the introduction of magnetically levitated mass 
transportation systems can logically expect that its 
electromagnetic characteristics will be carefully evaluated. 

To augment the process of fully quantifying the electromagnetic 
. characteristics of magnetic levitation systems, an extensive set of 
measurements were made on and around the Transrapid TR07 Maglev 
Vehicle. The magnetic fields onboard the TR07 vehicle, under and 
near the guideway, in the station, and near the control and power 
supply facilities were recorded for a variety of operating 
conditions. These measurements were taken in early August 1990 at 
the Transrapid Test Facility in Emsland, Germany. .The data 
gathered consisted of extensive information on the magnitude and 
time characteristics of the magnetic field attributable to the TR07 
operation. Before this data can be summarized, it is necessary to 
discuss why magnetic field magnitude and time characteristics may 
be important. 

Natural Magnetic Field Characteristics. The earth's naturally 
occurring geomagnetic field is generally considered to be static, 
i.e., not variable over time (in some literature, static fields are 
referred to as dc fields). The earth's field is normally static at 
levels between 240 to 620 milligauss, depending on locations 
between the magnetic equator and the magnetic polar regions 
respectively. In any of these regions, fluctuation will occur 
during solar magnetic disturbances. These fluctuations normally 
have frequencies that are less than one hundredth of a cycle per 
second to as high as 1000 cycles per second. The magnitude of 
these fluctuations is normally largest at the lowest frequencies 
and in the polar regions. However, mid-latitude variations of 2 to 
4 milligauss are common during strong solar storms. In polar 
regions, solar magnetic disturbances will exceed ± 20 milligauss 
fluctuations. Therefore, the natural environment is made up of 
magnetic fields with both spatial and temporal characteristics. 

Technological Magnetic Field Perturbations. Manmade ferromagnetic 
structures and electro-technologies perturb these natural fields. 
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In close proximity to building and vehicle -steel, increases or 
decreases to the earth's unperturbed geomagnetic field of two-to
one are readily observed. Any electrical device that draws 
significant current for, operation or uses magnetic material will 
create magnetic fi~ld intensities close to the device that are in 
the order of the naturally occurring magnetic fields. Most 

'electrical devices in cominon usage are powered by alternating 
current (Ae) sources. The magnetic fields produced have the 
fre~uen~i of the power source and any harmonics (sub or super) 
which result from the devices operating characteristics. In the 
North American continent, the dominant power source frequency is 60 
cycles per second (the engineering and scientific 'communities have 
agreed to refer to cycles per second as hertz and to further 
shorten the reference by tising the abbreviation Hz, e.g., in Europe 
most power systems are 50 Hz). Therefore, most electro-technology 
rriagn'etic fields produced are primarily at these power frequencies. 
The magnitudes 'of the magnetic fields at the power frequencies 
range from fractions of milligauss in rural residences to tens of 
gauss near high current carrying conductors found in many 
commercial and industrial facilities. Many commonly used household 
appliances such as high speed hair dryers and handheld drills 
exhibit power frequency magnetic fields well above a gauss in close 
proximity to the appliance. 

'Electric ~nd Magnetic Fields and Biological Effect~. Since the 
late 1800's, electro-technologies have been perturbing the natural 
electr'omagnetic environment. In the early 1970' s, the subject of 
~rec~ric fields surfaced as~ possible health concern when electtic 
utilities tried·,to gain rights-of-way ·for power transmission lines. 
Transmission iines' are one of a small number of electro
technologies that produced strong power frequency electric fields 
where there is public access. The transmission lines at the center 
of the controversy were a new technology in that the operating 
'voltage was -60% higher than previous designs. The' frequency 
·characteristics were unchanged. -- While magnetic fields were raised 
as 'a biological issue in the 1970 I S because of a Navy submarine 
communications project, it was not until 1979 that magnetic fields 
appeared a~ a p~ssible health concern. It wassu~gested that there 
was a weak correlation with an increased risk of childhood leukemia 
for populations living near distribution lines. While the first 
such study was considered to be'technically flawed, two subsequent 
improved epidemiological studies continued to find, a consistent 
pattern when -a surrogate for magnetic fields, power lines with 
large conductors and proximity to the cases, were documented. 
stattingwith ;the assertion af biological effects from electric 
field and redoubled with the emergence of the magnetic field effect 
hy~oth~sis,laboratory scientists have reported many electric and 
magnetic field effects found by in vitro (tissue culture 
preparations) a~d invi~o (whole animal studies) experiments. 
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Many of the laboratory studies and a concurrent body of clinical 
studies have reported effects which appear to result from exposure 
to fields with a wide range of magnitudes and frequencies. To 
explain these observations ,hypotheses such as IIcyclotron 
resonance ll which links the co-existence of statlc and ac fields 
have been offered. Because much of the pol{tica1 controversy has 
been focused on determining if transmission lines can be sited, 
most of the laboratory effort has been directed at the very 
selective power· frequencies, 50 and 60 Hz. Yet many reported 
results have little to do with the power frequencies. Manystudies 
report findings in the few hettz to tens of hertz frequency band. 
There are reports of findings when the exposure repetition rate was 
above the power frequencies. Some studies suggest the duration of 
exposure is important. Some studies suggest that both intensity 
(magnit~de) and frequency windows exist, i.e., above or below a 
certain region no effect is observed. Some studies suggest that 
the transition from one field level to another is important, others 
debate whether magnetic fields act directly on the body or via 
induced currents. Few of these studies have been replicated and no 
accepted mechanism of interaction of· environmentally relevant 
electric or magnetic field exists. 

Absent an accepted mechanism, many have chosen to relegate the 
reported effect of electric and magnetic fields to the category of 
IIpathological science II (coined by the late Irving Langmuir). 
However, the persistence of public concern necessitates that any 
serious attempt at magnetic field quantification which claims to 
serve as a basis for evaluating possible health effects must not be 
an inadvertently selective measure of magnitude at a single or 
narrow band of frequencies .. In the extreme, if health effects are 
found, the continuum of electromagnetic exposure may be required to 
establish relati~e risk. Practically, it has only recently become 
possible to record and store all of the discrete segments of 
frequency bands which biological reports suggest may be important. 
Based on the biological studies reported to 1990, the TR07 
measurements focused on the dc to 2000 Hz portion of the 
electromagnetic spectrum. 

2.2 An Approach to Organizing Electromagnetic Data 

At the outset of the TR07 test, it was recognized that the simple 
magnetic field survey instruments used for transmission arid 
distribution line surveys would be inappropriate for quantifying 
the field associated with the TR07. A new magnetic field 
instrumentation system had just been developed by Eiectric Research 
and Management, Inc. under sponsorship of the Electric Power 
Research Institute. Sold under the brand name MultiWave™, it has the 
capability to record and store 3-axis magnetic f~elds at up to 40 
different physical locations. nearly simultaneously. The 3-axis 
feature combined with waveform capture in each axis (vertical and 
both the transverse and longitudinal) preserves the direction, 
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magnitude, polarization, ". and frequency spectrum of the magnetic 
field at each point in space measured. 

For th~ TR07, measurement waveform periods were recorded through 
two different sensor types. To gather data on the static or dc 
magnetic field, a sensor technology known asfluxgate was used. 
Waveforms ov~r periods between 1 to 5 .econds were recorded from 
this sensor group. The waveform data from each axis of each probe 
was stored in the. memory of the control computer of the MultiWave 'IM 

System. The digitization rate of the waveform from the fluxgate 
probes gave frequency information from 0 to 200 Hz. A second set 
of. probes which sensed the rate of change of the magnetic field, 
sometimes referred to as coil type sensors, was sampled for periods 
of.2 seconds. These waveform~ were digitized at a rate which gave 
frequency information in the 5 to 2500 Hz band. 

The data collected in this manner brackets most of the frequency 
bandwidth implicated by the biological findings briefly discussed 
above. Both temporal and spatial quantification in and around 'the 
TR07 are available. Because each of these measurements were 
repeated' every few seconds to gain a measure of the long term 
temporal characteristic of the magnetic fields, an extremely large 
as well as comprehensive data set exists. The challenge of this 
report has been to reduce. this data without losing the uniqueness 
of the information. Also to maximize the utility of the data, it 
must be presented so that it can be compared to data collected on 
the magnetic field characteristics of other electro-technologies. 

To this end, the following aggregation was chosen for this 
evaluation. It also is being followed in an ongoing project to 
establish a rigorous protocol for quantifying the magnetic fields 
a~sociated with,appliances. Shown in pictorial form in Figure 2-1, 
this system allows for the grouping of data into frequency bands 
where effects have been reported and/or other data sets have been 
collected. The two large foxes depict the frequency regions 
defined by IEEE Std 100~1988 as Yltra ~ow frequency (ULF) which 
covers the frequency range from 3 Hz down to static, and ~xtreme 
~ow Erequency (ELF) which covers the frequency band from 3 Hz to 
3000 Hz. Other organizations and agencies sometimes define these 
bands differently but the IEEE definitions will be used throughout 
this. report. The, boxes within the large boxes depict the 
partitioning which was chosen to clearly but succinctly present the 
findings of the TR07 measurements. Future investigation may expand 
the number of major boxes to include the y"ery ~ow frequency (VLF) 
band which covers the frequency range between 3 kHz to 30 kHz. In 
the future it may also be desirable to further partition the ULF 
band to ,better examine motion effects and ultradian and circadian 
rhythm effects. While the TR07 data set contains some additional 
ULF information beyond static fields, its usefulness at this 
juncture is not clear ~nd therefore has not been analyzed. 
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STATIC FIELDS 

SUB POWER 
FREQUENCIES BAND 
.2 . 5 TO 47. 5 HZ 

POWER FREQUENCIES 
BAND 

47.5 TO 62.5 HZ 

POWER FREQUENCIES 
HARMONICS BAND 

62.5 TO 302.5 HZ 

HIGH ELF 
BAND 

302.5 TO 2562.5 HZ 

ULF 
BAND 

ELF 
BAND 

Figure 2-1 Magnetic field flux densities grouped by 
frequency partitions within the ELF band 
and ULF band. 
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The partitioning in Figure 2-1 allows for comparison with data 
collected by less sophisticated instruments. In particular, one 
instrument which has come into wide use in the utility industry has 
a bandwidth between 40 Hz and 1000 Hz. Other survey-meters only 
respond to the power frequency band. 

2.3 Report Organization 

This report is organized into seven sections (Volume I) and 26 
appendices (Volume II)., The extensive appendices of Volume II 
contain a full reporting of the frequency, time, and space 
dependencies of the magnetic fields on or near the TR07 System for 
the reader looking for specific details of field characteristics. 
The body of the report contained in ,Volume I focu~e~ on 
representative data which demonstrates the general characteristics 
of the magnetic fields on or in the vicinity of the TR07 Maglev 
transportation system and summary statistical data which present 
the "big picture" to the reader less concerned with the multitude 
of details in the data of the appendices. Details of the 
instrumentation, test locations, conditions, dates, etcetera have 
been reported previously and are not repeated in det~il in this 
document. > 

The first section of this report is an Executive Summary intended 
for the semi-technically based reader. It describes the magnetic 
fields produced by the TR07 System and the conclusions reached by 
these measurements in language which avoids engineering jargon to 
the greatest extent practical. In spite of the non-technical 
nature, it is recommended to all readers as an orientation to the 
report contents which will assist the technical reader in 
critically examining the contents of the r~port~ 

, 
This section is an overview which seeks to describe the report 
structure in more detail and direct the reader to other sources of 
relevant information not contained herein~" It also 'seeks to 
explain the significance of the repetitive waveform data, the 
method of analysis, the format of presentation, and certain other 
items relevant to the report as a whole. 

Sections 3 through'6 focus on'the characteristics of the magnetic 
fields measured onboard the TR07 vehicle, along the guideway, at 
the station, and near the control and power supply facilities 
respectively. '"The results of the measurements made during the 
August 1990 tests are compared to magnetic field data measured or 
reported by others where such data are available. 

The final section of the report attempts to -both summarize the 
magnetic field characteristics of the TR07 'System and compare the 
characteristics of those fields to magnetic fields produced by 
other common sources. 
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2.4 Repetitive Waveform Data 

As described in the preceding report, the MultiWave TIA Magnetic Field 
Recording System used of the August 1990 measurements on the TR07 
System records the actual waveform of the three orthogonal 
component~ of the magnetic field at multiple measurement locations 
by sampling those waveforms at a high rate and storing the values 
digitally on computer disk or computer tape. These digital 
waveform recordings are saved one after another· in rapid 
succession. Anyone of these waveform recordings can be viewed 
individually in either the time or frequency domain as was done in 
the Interim Report to get a "snapshot view" of the waveform or 
frequency spectrum of the magnetic field at the particular instant 
in time when the waveform sample was recorded. Unfortunately, 
these "snapshots" when viewed individually have little statistical 
validity and tell nothing about the evolution of magnetic field 
characteri~tics over time as the TR07 vehicle speeds up, slows 
down, makes use of its dynamic braking, passes the station, and so 
on. In order to examine these questions of statistical and 
temporal variability of the magnetic field, many of these 
"snapshots" must be played back in rapid succession to produce a 
"moving picture" of the magnetic field at each measurement 
location. 

As described in the Interim Report,the measurement protocol 
applied for the TR07 measurements generally involved the use of 
five fluxgate magnetic field (B) sensors and five coil-type 
magnetic field derivative (B dot) sensors arrayed in such a way 
that spatial variability of the magnetic field could be 
characterized. Since magnetic fields onboard or near the system 
arise from numerous sources, each with different temporal 
characteristics, the spatial pattern of the magnetic field is a 
dynamic characteristic which must be assessed from the "moving 
picture" of the magnetic field obtained from analysis of the 
repetitive waveform samples. 

A list of the repetitive waveform data sets collected during the 
measurements on the TR07 System is given in Table 2-1. The table 
also identifies the nature of the measurement, the measurement 
locations, the number of repetitive waveform samples, the date and 
time, and the sample time for each of the twenty five data sets. 
The range of speed of the vehicle at the time of the measurement is 
also tabulated for those data sets where the information was known. 
The information contained in each of the 25 data sets has been 
processed us.ing the procedure described in the following subsection 
and is presented in detail in Appendices B through Z in Volume II 
of the report. 
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DATA 
-FILE # DATEI 

[SIZE,KB] HHMM 

AUG.7 

,TR7001## 1020- , 
[1,330] 1030 

~ 

TR7002## 1038-
j1,330] 1048 

"TR7003## 1332=-
[1,079] 1340 

" 

AUG.7 
TR7008## 1735-
[1,206] 1744 

. , AUG. 7 
TR7009## 1752 
[1,079] 1800 

TR7010## 1802-
[1,270] 1812 

'" 

TR7011## 1817-
[381] 1822 

AUG. 8 

TR7012## 1042-
[1,333] 1047 

.. 

TR7013## 1050-
" [14,029] 1112 

TR7014## 1226-
[2,539] 1237 

TR7015## 1239-
[825] 1240 

i 

TR7017## 1246-
[1,016] 1254 

TABLE 2-1 

INDEX OF REPETITIVE WAVEFORM DATA 
TR07 MEASUREMENTS, AUGUST 1990 

PROBE ", 

VEL.* LOC .• t S-DC 
KM/HR ACIDC **,5 REMARKS 

ON TR07 ON TEST TRACK 

3081 4 3 1.0 21 SAMPLES, 30 5 APART 
171 MID CAR #2, WINDOWS 

3961 2 1 1.0 21 SAMPLES, 30 5 APART 
162 LOC. MID CAR #2, AISLE 

3021 2 1 5.0 17 SAMPLES ," 3 0 5 APART 
168 LOC MID CAR #2, AISLE 

TR07 STARTUP AND RUN 
3001 12 11 5.0 19 ,SAMPLES, 30 5 APART 
168 LOC PASSENGER BULKHEAD ' (REAR) 

TR07 ON TRACK ' CONTINUOUS, 
3201 14 13 5.0 17 SAMPLE~ 
170 LOC VIP SECTION : 

.. 

3401 16 15 5.0 20 SAMPLES 
170 LOC REAR ENGR. AREA 

1801 17 17 5.0 6 SAMPLES, 30 5 APART 
0 PROBES ON FLOOR, DECEL. , STOP 

HIGH STEEL G/W NEAR CTL' CTR' 

18 18 2.0 21 SAMPLES, ~ 12 s APART 
AUTORANGE ON 
. 

18 18 2.0 221 SAMPLES, ~ 6 s APART 
AUTORANGE ON 

-. 

18 18 2.0 116 SAMPLES, ~ 6 5 APART 
AUTORANGE ON 

18 18 2.0 13 SAMPLES, < 6 5 APART 

. , 
18 18 2.0 16 SAMPLES, < 6 5 APART 
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TABLE 2 -1 CONTINUED 

DATA PROBE ~ 

.. ~. ~ 

", 

FILE # DATE/ VEL.* LOC .• t S- DC 
[SIZE,KB] HHMM KM/HR ACIDC **,5 REMARKS 

TR7018## 1256- 19 19 2.0 52 SAMPLES, < 6 5' APART 
[3,303] 1301 REF PROBE NEAR TRANSFORMER YARD 

AUG. 8 LOW CONCRETE GUIDEWAY S. LOOP t 

TR7019## 1600- 20 20 2.0 194 SAMPLES, ::::: 6 5 APART 
[12,316] 1620 

AUG.9 PASSENGER STATION HIGH CONC.G/Wt 

TR7020## 1026- 300/ 21 21 2.0 229 SAMPLES, 4 5 APART 
[14,539] 1046 170 LOC:STATION, HIGH CONCRETE G/W 

TR7021## 1051- 250/ 21 21 2.0 229 SAMPLES, 5 5 APART 
[14,539] 1110 173 LOC:STATION, HIGH CONCRETE G/W 

AUG.9 TRANSFORMER YARD AT CTL CTR t _t 

TR7022## 1508- 22 22 2.0 230 SAMPLES, 4 5 APART 
[14,602] 1528 TRANSFORMER YARD PROFILE 

AUG. 9 . BRAKING RESISTOR BANK t t 

TR7023## 1618- 23 23 2.0 255 TIME SAMPLES, 4 5 INT. 
[16,189] 1638 BRAKING RES. BANK PROFILE 

TR7024## 1649- 23 23 2.0 68 TIME SAMPLES, 4 5 INT. 
[4,317] 1655 ATTEMPT ,TO CATCH BRAKING 

" 

Ij 

AUG.9 ENTRANCE TO MAINTENANCE FACILITY 

TR7025## 1731- 24 24 2.0 10 TIME SAMPLES, 4 5 APART 
[635] 1732 TR07 LEVITATING, LOW CONC. G/W 

TR7026## 1806- 24 24 2.0 39 TIME SAMPLES, 4 5 APART 
[2,476] 1810 TR07 LEVITATING AT SERVICE ENT. 

AUG10 INVERTER BLDG 4m N. OF 1st LOCtt 

TR7028## 1005- 26
1

26 2.0 6 ,TIME SAMPLES, 4 5 APART 
[381] 1006 TR07 ON TRACK 
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-'~ ..,..-
DATA PROBE 

FILE # DATEI VEL.* LOC .• t S- DC 
.. 

[SIZE,KB] HHMM KM/HR ACIDC **,5 . REMARKS , .. 

." 

TR7030## 1207'~ 26 26 2.0 219 TIME SAMPLES', 4 5 APART· 
T13~904] 1227 TR07 ON TRACK 

, 

, 

-
AUG10 SOUTH FEEDER· NEAR CTL CTR t ± 

.TR7031## 1304-' 27 27 2.0 6 TIME SAMPLES, 4 5 APART 
. [381] 1305 H=Om AT SOUTH FEEDER 

TR7032## 1620- 28 28 2.0 219 TIME SAMPLES, 4 5 APART 
[13,903] 1640 H=lm, TR07 ON TRACK 

* VELOCITY CODE: + = SPEED INCREASING; - = SPEED DECREASING; 
I INDICATES RAN.GE OF VALUES, MAXIMIN; 

** 
t 

; 
o 
• 

NO POSTFIX INDICATES' CONSTANT -SPEED. 
SAMPLE TIME FOR DC PROBE IS TABULATED (ALL AC PROBES,. 

t
S

-
AC 

= 0.2 5) ~ .. 

Am = ACm = MAXIMUM ACRMS B (FLUX DENSITY) FROM B-DOT 
PROBES, mG. . .... '. . . 

. Om. = DCI AC~ =, MAXIMUM AC RMS VALUE FROM FLUXGATES, mG.' 
NUMBER PAIR IN PARENTHESIS INDICATES (ACm, DC/ACin). 
H = PROBE HEIGHT ~~OVELOCAL GROUND SURFACE. 
SEE INTERIM. REPORT FOR PROBE LOCATIONS • 
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2.5 Analysis Method for Repetitive Field Waveforms 

Four potentially important parameters of the magnetic field onboard -
or near the TR07 Maglev System are field intensity, frequency 
spatial distribution, and temporal variability. Since the extreme 
low frequency (ELF) magnetic fields produced by most other 
environmentally relevant sources lack the complexity of the 
magnetic fields produced by the TR07 System, appropriate methods 
for analyzing and displaying ELF field data without obliterating 
the information on one or more of the above mentioned parameters 
did not exist at the outset of the project, much of the prior work 
with ELF magnetic field characterization has focused on electric 
power systems; .most notably, on transmission lines. The magnetic 
fields produced by transmission lines consist primarily of a 60 Hz 
(in North America, 50-Hz elsewhere) frequency component and to a 
l~sser e~tent, components at harmonics of 60 Hz. These discrete 
frequencies are small in number and have essentially no temporal 
variability. Furthermore, the relative intensity of the field 
components at these frequencies are not highly spatially dependant 
and the relative spatial distribution is not time dependant. 
Consequently, rather simplistic two-dimensional analysis "is 
sufficient to document most interactions between time, frequency, 
intensity, and spatial factors for powerlirie magnetic fields. 

The complexity of the TR07 magnetic field data makes the analysis 
and presentation methods used for powerline magnetic _fields 
inappropriate. The most significant complications arise from the 
following characteristics of the TR07 magnetic fields. 

Mul tiple Sources: The magnetic fields onboard or in the 
vicinity of_ the TR07 Maglev System arise. from multiple 
sources, hence spatial distributions can not be expressed as 
simple at"t:enuation curves which are-temporally stable. 

continuous Frequency Distribution: The time-varying component 
of. the guidance and levitation magnetic fields have a 
distributed rather than discrete frequency distribution. 
Consequently, one must address field intensities in various 
bands of finite width rather than fields at specific 
frequencies. -

Variable Frequency Components: The magnetic field from the 
longstator of ttl:.e linear synchronous motor (or from the power 
equipment drivlng that field) is a discrete frequency 
component Which varies over time. Consequently, simple 
averaging of repetitive frequency spectra will obliterate this 
component of the field as a discrete component. 

In order to accommodate these characteristics, a data analysis and 
reporting procedure was developed specifically for the TR07 
magnetic field data. However, to -ensure the compatibility with 
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magnetic field data from future measurements, the procedure was 
- kept entirely general. 

The Interim Report contained numerous graphs showing the amplitude 
of the magnetic field as a function of frequency at a specific 
point in time and at a specific location. Those graphs 
demonstrated that the frequency characteristics of the ELF magnetic 
fields produced by the TR07 System are quite different than the 
frequency characte~istics the ELF magnetic fields from most other 
environmentally relevant sources. Hence, it is important that the 
data analysis and presentation method applied to the data not 
obscure this potentially important frequency information. 
Therefore it was decided that the most comprehensive presentation 
of the repetitive waveform data collected at each measurement 
location would be a pseudo-three-dimensional plot of the magnetic 
flux density as a ~unction of frequency and time. . 

This was accomplished by converting each time domain waveform 
·sample(each of the orthogonal components separately) to the 
frequency domain by computing the fourier transform using the Fast 
Fourier Transform (FFT) capability of the MultiWave TtA analysis 
software package. The total rms value of the flux density at each 
frequency was them computed by the root-sum-square of the three 
orthogonal rms values at the. same frequency. Functionally, this is 
the same procedure used to produce the frequency spectra in the 
Interim Report except- that the FFTs were executed at the time of 

. measurement and the transformed data were stored. Three 
dimensionai graphs shoViing the. effect of time on the flux density 

. and frequency were· constructed -by placing frequency spectra 
information derived from successive repetitive waveform samples 
behind one another to generate a time dimension. Figure 2-2 shows 
'and example of one such thre.e-dimensional graph for one set of 
·measurements using the ac coil sensors onboard the TR07 vehicle. 
The inhe~ent derivative response of the ad field de~ivative probes 
was compensated for with·software integration as described in the 
Interim Report. 

Throughout ~his report, magnetic flux den~ities are reported in 
gauss or milliga.uss .AI though the _ Tesla is the international 
standard unit for magnetic flux density, the unit gauss is more 
commonly used in the United States. For purposes of conversion, 

1 T = 10,000 G 

in those portions of the. report where the measured field data are 
compared to field data reported in Tesla, converted values are 
provided. 

Note in Figure 2-2 that the flux density is represented as a 
surface above the plane of the time and frequency variables. For 
data from the ac coils, the frequency range spans from 5 Hz to 2560 
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Hz and the time spans the duration of the measurement. Since there 
are no field components with significant magnitude at frequencies 
above approximately 750 Hz, the three dimensional graph can be 
redrawn focusing on the lower frequencies and showing the major 
field components in more detail as illustrated in Figure 2-3. 
Three dimensional graphs of magnetic flux density as a function of 
time and frequency are provided for all of the repetitive waveform 
data listed in Table 2-1. In most cases, the graphs of magnetic 
field data fr6m the ac coil-type sensors only cover a frequency 
range from 5 Hz to 500 Hz because there were no significant field 
components at higher frequencies. In those cases where higher 
frequency·components of the magnetic field were present, additional 
three-dimensional graphs are provided to show those components. 
Absence,of such supplemental graphs indicates that the data were 
examined.~ndno higher frequency fields of significant amplitude 
were f ourid. -

The pseudo-three-dimensional graphs of flux density versus time and 
frequency' can be- used in several ways. Frequency spectra at any 
time can, be .determined by visualizing a "cut"- through the three 
dimensional graph pa~allel to the frequency axis at the time in 
question. ,Figure ,2-4 illustrates this approach by graphically 
"cutting U the- surface at the five minute time point. The cut 
surface reveals the magnetic flux density as a function of 
frequency which existed at that time. since these figures are 
pseudo-thr~e-dimensional dr~wings and not true three dimensional 
sblids, one can not literally cut the surface, but a network of 
grid lines parallel to the time and frequency axes are plotted on 
the surface to assist in vis~alizirigsuch cuts. 

"Similarly, one can visualize the time fluctuation in magnetic flux 
_density at any particular frequency by visualizing a "cutll through 
the surface at the frequericy of concern. - Fig~r~_ 2-5 -illustrates 
this concept. 

Perhaps the most powerful use of the three~imen~ional graphs is to 
examine the topography of the magnetic flux density contour across 
frequency and time. This view of the data provides a "moving 
picture" of the magnetic field frequency spectrum as it shifts and 
adjusts in response to different operating.conditiQns of the TR07 
System. To demonstrate this concept; the portion of the data in 
Figure 2-3 below 250 Hz is replotted-on Figure 2-6. This is merely 
one example of a ten-minute recording of the magnetic f ield- at a 
point within the TR07 vehicle as it travels around the Emsland Test 
Facility guideway. Plotted in the upper right corn~r of the figure 
is a graph of the vehicle speed during the ten-minute recording. 
Examination of the magnetic flux density contour reveals the way in 
which the magnetic field changes in amplitude and frequency 
distribution over time as the vehicle accelerates and decelerates. 
This dynamic view of the shifting magnetic field characteristics is 
lost in either the two-dimensional analysis of frequency spectrum 
plots or time course plots. 
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Repetitive waveform data wer~ also collec~ed with £luxgate sensor~ 
to quantify the static component of the magnetic field and provide 
better resolution of the very low frequency components of the time
varying magnetic fields. Pseudo-th~ee-dimensional plots of 
magnetic flux density were 'also. prepared for these ·data and are 
found in the ap~endices at the end of this report. 

The three dimensional analysis of field dependency upon frequency 
and time presents the available data in 'the most comprehensive yet 
concise form available. However I further reductions in the 
complexity of the data are necessary in order to progress with the 
spatial, temporal and statistical, analysis of the repetitive' 
waveform data. One obvious approach is to collapse the data across 
frequency domain and, do an analysis of "total magnetic field". 
However, in doing so, one c<;>mpletely obliterates the frequency 
information. Another approach is to coll~psethe data across .the 
time axis by computing mean values in each frequency band. ' That 
approach not only sacrifices the information on temporal 
variability, but is also adult~rates the frequency by washing out 

.the various peaks in the indi~~dual frequency spectra which vary 
frcim fre~uency to frequency over time. It was cioncluded that the 
essential features of these' data could be' best preserved by 
collapsing the data across the frequency dom~in but rather than 
producing just one value for total field strength, six values are 
produced indicative of the total field within specific ranges of 
frequency. In ,this way, ,some measure of the frequency 
characteristics are preserved and numerical values are produced 
which can be compaied to magnetic field levels from other sources 
having similar ranges of frequency. . 

The six frequency ranges selected for the further ~rialysis are as 
follows: ' . 

static Field: this is the non-time-varying magnetic field 
measured by the fluxgate s~nsor. 

Total AC Field: This' is the total time-varying fields 
measured with the ac coil-type sensors. For digital frequency 
analysis purposes, the bandwidth is 2.5 Hz to 2562.5 Hz. 
However J phYsical performance of theac field sensors limits 
their maximum frequency to 2 kHz for ±5% accuracy although the 
3 dB point is above 3 kHz. 

,For purposes of simplicity throughout the remainder of the 
report, this band is defined in terms of the FFT components, 
combined to produce the data. Since each FFT component of the 
data from the ac probes represents the energy within a 5 Hz 
bandwidth, the band, center frequencies for the total ac field 
band are from 5 Hz to 2560 Hz. 

Low Frequencv Field: This quantity represents the total ac 
field in frequencies below the customary frequencies used for 
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electric power systems. ,The range of FFT components included 
is from 5 Ha to 45 gz but the actual bandwidth i~. from 2.5 Hz 
to 47.5.Hz. 

Power Frequency Field: This is the . strength of those 
components of t~e magnetic field in the range of frequencies 
used for electric power systems (50 Hz in Europe, 60 Hz in 
North America). 'In order to have the analysis uniformly 
applicable .. to North America and Europe, the FFT components at 
50 Hz, 55 Hz, .and 60 Hz were included in the band. The actual 
bandwidth is from·47.5 Hz to 62.5 Hz. 

Power Frequency Harmonic Field: This band which extends from 
62.5 Hz to 302.5 Hz includes the first few harmonics above the 
power frequency, as well.as much of the frequency range used 
for propulsion of the TR07 vehicle. The range of FFT 
components combined to ,obtain this quantity is from 65 Hz .to 
300 Hz. 

High Frequency Field: This quantity represents the magnetic 
field components in the upper part of the frequency range 
measured (302.5 Hz to 2562.5 Hz). This is a range of 
frequencies where neither power systems nor the TR07 System 

. would normally produce significant magnetic fields. By 
examining the FFT components from 305 Hz to 2560 Hz, those 
small fields can be quantified accurately without being 
obscured by.the larger fields'present at lower frequencies. 

Once the repetitive waveform magnetic field data had been collapsed 
along the frequency domain into the above described bands, the 
spatial distribution of the field could be examined for each band. 
For most of the tests, multiple sensors were placed colinearly in 
either a vertical or horizontal line directed away from the 
presumed major magnetic field source. The magnetic flux density 
measured by each at identical times can be plotted to show the 
variability in magnetic field along that line as a function of 
distance along. the line. Such profile plots are often helpful for 
confirming the source of the magnetic field and documenting 
atteriuation iatesfor predicting field-strengths at other locations 
away from the source. Since the MultiWave TM Monitoring System 
measures the ,magnetic ·field at each sensor every time it scans, the 
repetitive waveform data contains repetitive spatial profile 
measurements of the magnetic flux density. These repetitive 
profiles can be plotted as pseudo-three-dimensional graphs of 
magnetic flux density as a function of distance along the profile 
and time in a way analogous to the way the field versus frequency 
and time plots were produced. Figure 2-7 shows a typical plot of 
the magnetic flux density in the above described low-frequency band 
in the TR07 vehicle plotted as a function of height above the floor 
and time. As with the time by frequency plots, one can IIcutll this 
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surface various ways to determine the field attenuation 
characteristics at any time for the temporal variation of the field 
at any height above the floor. Furthermore, one can view the 
profile as a whole and conclude that the attenuation rates are 
consistent over time and that there is one principal source of 
magnetic field which is located below the floor of the vehicle. 
Figure 2-8 shows a similar plot of the static magnetic flux density 
for the same test reported in Figure 2-7. Note that there is no 
longer a well behaved attenuation pattern which is stable over time 
because there are two significant sources of static magnetic field 
(the magnet structures below the vehicle floor and the earth's 
geomagnetic field). 

Similar plots of magnetic flux density in each of the six frequency 
bands as functions of time and distance are found in the appendices 
of this report ,for each of the ~ata sets listed in Table 2~1~ 

The final step of the analysis and compression of the repetitive 
waveform data involved computing mean values of the magnetic flux 
density in each frequency band at each measurement location. 
Standard deviations and coefficients of variation for- the flux 
density were also,computed. This process produces "single number" 
measures of the strength 'of the magnetic 'field at the co~t of 
losing virtually all of the time and fre~uency characteristics of 
the magnetic field. ' 
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3.0 ONBOARD VEHICLE MEASUREMENTS 

The instrumentation and procedures used for magnetic field 
measurements onboard the TR07 vehicle in Augfst 1990 are described 
in detail in the previous Interim Report. That report also 
presented and discussed characteristic point-in-time frequency 
spectra and time domain waveform data collected during the 
measurement program. Extensive repetitive waveform data were also 
collected and have now been analyzed using the procedures outlined 
in section 2 above. This section will describe the results of that 
analysis and compare the results' of the repetitive waveform 
measurements with the interim results in the earlier report and 
with magnetic field measurements made in Transrapid vehicles by 
others. 

3.1 Measurement Locations 

Seven sets of repetitive waveform measurements were made onboard 
the TR07 vehicle. Pertinent information on these measurements are 
found in Table 3-1. 

More detailed information on the specific locations of the 
measurements were reported in Section 4.1 and Appendix B of the 
Interim Report. 

3.2 Field Levels in the Passenger Areas 

Of the seven data sets, five are vertical profiles at various 
locations within the regular and VIP passenger compartments of the 
second (trailing) TR07 vehicle. Each vertical profile consisted of 
simultaneous repetitive waveform measurements at heights of 13, 47, 
112, and 175 cm above the floor. A fifth set of simultaneous 
repetitive waveform measurements was made at a reference location 
which did not vary throughout all of the onboard measurements. 
Pseudo-three-dimensional graphs showing the magnetic flux density 
at each measurement location as a function of frequency and time 
are found in Appendices B through F at the end of this report. A 
graph of the vehicle speed over the measurement period is also 
provided in each appendix. The range of vehicle speeds is similar 
during each of the five sets of vertical profile measurements in 
the TR07 passenger compartments as indicated on Table 3-1. 
Therefore, comparisons of field conditions between those sets 
provides insight into the spatial variability of the magnetic field 
in the vehicle and analysis of the five data sets as a whole is 
indicative of average field conditions within the passenger 
compartments. 

3.2.1 Time-Varying Fields 

Figures 3-1 through 3-4 show the field versus time and 
frequency plots at increasing heights above the floor for 
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i,.'-

repetitive waveform measurements made with the ac probes at 
the edge of the aisle in the center of the second TR07 car. 

Figure 3-5 shows the low frequency (5-45 Hz) field as a 
function of height above the floor and time. These are taken 
from Appendix C but are typical of the data obtained at other 
locations wi thin the vehicle. For convenience, graphs of 
vehicle speed versus time have also been placed on the 
figures. The most noticeable difference is that fields tend 
to be somewhat higher and perhaps less height dependant toward 
the rear of the main passenger compartment and in the VIP 
compartment. The data for each measurement location are found 
in Appendices B through F. A number of important observations 
can be made from ,these data. 

The frequency spectrum of the magnetic field varies 
considerably over time due to various factor~~ Vehicle 
speed accounts for much of the variability in spectral 
components' above approximately 50 Hz but other factors 
presumably related to dynamic control of the levitation 
and .guidance magnets affect the frequency and amplitude 
characteristics of the lower frequency components~ 

Field intensity is highly variable over time with little 
correlation between the intensity of higher and lower 
frequency components. Intensity does not correlate well 

. with vehicle speed but may be related to both forward and 
, lateral acceleration, or deceleration. 

Field intensity is, strongly affected by measurement 
height but the time and frequency dependence of the 
magnetic field is very similar at all heights. This 
observation is consistent with the expectation that the 
magnet structures, their associated wiring, and guideway 
longstator beneath the vehicle are the principal magnetic 
field sources. 

Figure 3-6 shows the field by time and frequency curve 
measured at the reference probe location concurrent with the 
measurements reported in Figures 3-1 through 3-4., Since the 
reference probe is located at· seat level, its data should be 
most closely related to that in Figure 3-2. Comparison of 
Figures 3-2 and 3-6 shows that the magnetic field is typically 
higher at the reference probe location than at the center of 
the car. While there is considerable similarity in the 
topography of the two graphs, the frequency and time 
characteristics of the magnetic field at the reference 
location differ more from those in Figure 3-2 than do those 
for measurements in Figures 3-1, 3-3, or 3-4. That result 
suggests that the differences in field characteristics from 
one location to another are. moderately affected by location 
but height above the floor is a stronger determinant of field 
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strength. Review of the other data in Appendices B through F 
confirms this observation. 

3.2.2 Static Fields 

Figures 3-7 and 3-8 show magnetic flux density as a function 
of frequency and time for measurements with the fluxgate 
sensors at standing head level and near the floor at the edge 
of the aisle in the center of the second vehicle. They are 
from Appendix C but are representative of comparable 
measurements elsewhere on the vehicle. On average, the static 
fields tend to be somewhat higher in magnitude at the 
measurement locations to the rear of the passenger compartment 
and in the VIP passenger compartment. Like the ac fields the 
static field levels are higher and more variable over time 
near the floor of the vehicle. Static field levels do not 
correlate with vehicle speed. The data suggest that there are 
at least two principal sources of static magnetic field; the 
geomagnetic field of the earth and one or more sources beneath 
the floor of the vehicle, such as magnet structures and 
interconnecting wiring. The increased fields toward the rear 
engineering area of the vehicle is consistent with the 
possibility that power wiring routed beneath the floor to the 
magnets is a significant source of fields onboard the vehicle. 

The total' static magnetic field onboard the vehicle is the 
vector sum of the magnetic field from the. ~arth and from 
onboard sources. From the frame of reference of the moving 
vehicle, the orientation of the field from onboard sources 
would remain reasonably stationary over time but the 
orientation of the ·horizontal component of the geomagnetic 
field varies depending on the position of the vehicle on the 
test track. Consequently, the h6rizontal ~omponent of the 
total static magnetic field fluctuates depending on whether 
the horizontal components from the two principal ~ources add 
or cancel at any particular instant. 

The geomagnetic field of the earth is in the range of 485 or 
490 mG in the vicinity of the Emsland Test Site (see Section 
4 below). However, near objects having large pieces of iron, 
steel, or other ferromagnetic material, the magnetic field of 

.. the earth tends to concentrate in the ferromagnetic material 
due to its high magnetic permeability. This results in a 
disruption or perturbation of the normal geomagnetic field 
often producing enhanced fields above or below the structure 
and reduced fields along side the structure. Aside from the 
perturbing effects of ferromagnetic material onboard the 
vehicle or in the guideway, one would expect to find a static 
field of approximately 490 mG throughout the interior of the 
TR07 vehicle arising from the earth's magnetism. Figure 3-7 
shows that the average static magnetic field at head level is 
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approximately 400 mG but varies above or below the average 
value by about 150 mG. 

Those results would suggest that the vertical component of the 
static field produced by the vehicle at the measurement 
location is opposite the direction of the vertical component 
of the earth's field (yielding a reduced average value) and 
that the degree of fluctuation as the vehicle circumvents the 
track is to some extent indicative of the field produced by 
the vehicle. 

The static magnetic field measurement data near the floor 
presented in Figure 3-8 show a somewhat different situation. 
Here, the static magnetic field produced by the vehicle 
clearly dominates the static field environment as evidenced by 
the higher average static field and the increased variability . 
. This is consistent with nearer proximity to the source. 

The graph of static - field strength as a function of 
measurement height and time for the various onboard 
measurements provide further insight to the interaction of the 
geomagnetic and. vehicle-generated field. Figure 3-9 from 
Appendix C represents measurements at the side of the aisle in 
the middle of the second car but is representative of similar 
plots for the other data.sets. Under some conditions, such as 
in' the time interval 'f~om 400 to 500 second~, the TR07 vehicle 
is oriented -in such a way that the geomagnetic and vehicle 
generated static. fields :are aligned ,and "add resulting in 
higher total fields and -a- well defined ~ttenuation pattern 
with increased, height above the floor. At other _ times, 
relative orientation of the static field components is more 
random and c6nstructive or destructive vector additiott occ~rs 
depending on both the relative -intensities of the fields 
(which in turn depends to some extent on height above' the 
floor) and relative field orientation (which is time dependant 
in the moving vehicle) . 

3.2.3 Summary Data 

After collapsing the field by time and frequency data into 
frequency bands for spatial analysis, the mean, standard 
deviation, and coefficient of variation of the magnetic field 
was calculated at each height above the floor and within each 
frequency band for all of the measurements within the 
passenger compartments. The results are presented along with 
the maximum and minimum values of the field at each height and 
in each frequency band in Table 3-2. As described above, the 
magnetic fields are highly variable (large coefficients of 
variation and wide minimum to maximum range) are strongly 
height dependent and are larger in magnitude at the lower 
frequencies (the 50-60 Hz band values are numerically low due 
to the fact that this band is considerably narrower than the 
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others). Graphs showing the effect of height above the floor 
on mean, minimum, and maximum field levels in the passenger 
areas for each frequency ban~. are given in Figures 3-10 
through 3-15. 

The fluxgate . sensors' used for the static magnetic field 
measurements have a maximum field measure.ment capabi I i ty of 
1000 mG per axis. Depending on the orientation of the sensor 
relative to the static field to be measured, one or more axis 
of the sensor will saturate when the incident field exceeds a 
value of 1000 to 1730 mG. Sensor saturation was encountered 
in 26 of the 380 measurements within the passenger 
compartment. Because of that limitation in instrumentation, 
actual static magnetic field levels are greater than report~d 
yalues in thos~' measurements where saturation occurred. -

Twenty-three of the 26 incidents of sensor saturation occurred 
in the measurements in the VIP compartment because field 
orientation was such that it favored saturation at a lower 
level. No valid static field data was obtained at floor level 
in that compartment. However, it is known that the actual 
average floor level static field was greater than the 1043 mG 
reported. The frequency of sensor satura~ion and estimated 
extent.of saturation were sufficiently small in other data 
sets to have only minimal impact on the validity of the 
summary data. 

In all cases, data corrupted by sensor saturation are clearly 
noted. 

Throughout all of the onboard vehicle measurements, one coil
type sensor and one fluxgate sensor were located near.the rear 
bulkhead of the main passenger compartment at heights of 
approximately 47 cm and 112 cm above the floor, respectively. 
Summary data from those sensors are shown in Table 3-3. 

,Although the mean field values at the reference probe location 
-tends to be somewhat higher than the mean values at comparable 
heights throughout the passenger area given in Table 3-3, the 
coefficients of variation for the ac fields are similar. That 
result suggests that most of the variation in ac field levels 
reported in Table 3-3 is variation with time rather than 
location. Static fields, on the other hand, appear to be more 
dependent on measurement location within the vehicle as 
indicated by tfie differences in mean values between reference 
probe measurements and measurements elsewhere in the vehicle 
and the smaller coefficient_of vari~tion in the stationary 
reference probe-measurement. 

To further explore the significance of measurement location 
within the passenger area, mean values of the magnetic field 
were computed for each of the five measurement data sets 

3-17 
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collected in the passenger areas. As indicated in Table 3-1, 
these represent four areas: 

window seat mid~vehicle; 
edge of aisle mid~vehicle (2 data sets); 
window seat rear of vehicle; and 
seat in the VIP compartment. 

These values are contained in Table 3-4. The data from 
~epetiti~e measurements at 'the aisle seat in the center of the 
car provide an example of the' difference in mean values 
obtainable from two successive 8 to 10 minute samples at the 
same location within the car. Comparison of the data across 
measurement locations' indicate that the tendency toward higher 
fields toward the rear of the vehicle, especially at the 
greater heights above the floor .. There. is little consistent 
difference between field levels.near the window versus near 
the aisle (see Appendix H for more detailed data). Finally, 
the differences in field level from one location to another 
are generally less than the differences produced by. a half 
meter increase ~n height above the floor. 

3.3 Field Levels in the Engineer's Area 

The data s~t contained in Appendix G was obtained from repetitive' 
waveform measurements -in the rear engineer I s compartment of the 
second car. The time-varying field measurements were made :at 
various heights immediately behind the engineer's seat while the 
static field measurements were made behind the seat on the oppo$ite 
side of the compartment. Photographs and diagrams of the 
measurement locations are in Section .4.1 and Appendix B of the 
Interim report. 

The field versus time and frequency plots for measurement within 
the engineering area are similar in character to those seen 
elsewhere on the vehicle. However, the intensity Of the time
varying fields does not decrease as rapidly with increasing height 
above the floor in theengineer's compartment as it doesin'the 
passenger areas. Consequently, the ac magnetic field tends to be 
higher at seat level, seated head level, and standing head level in 
the engineer's compartment thari in the passenger compartments. 

Figure 3-16 shows the field by time and height above the floor plot 
for the low frequency (5-45 Hz) magnetic fields measured in the 
engineer's compartment. It is typical of the corresponding curves 
for the other frequency bands which are contained in Appendix G. 
Comparison of this figure ,to Figure 3-5, which' shows the 
corresponding graph for measuiements iri the center of the passenger 
compartment, illustrates the less rapid attenuation of field 
strength with increasing measurement height and the higher field 
levels at seat level and above mentioned in the preceding 
paragraph. 
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Summary data for the measurements within the engineer's compartment 
are continued in Table 3-5. Saturation of the static field sensors 
occurred a significant number of times in the floor level and seat 
level measurements. The validity of the floor level data is 
doubtful but the seat level data appear only minimally affected. 
When compared to passenger compartment data in Table 3-2~ the 
summary data also reveal the above mentioned trend. Figures 3-17 
through 3-22 show the summary data graphically. 

The reduced attenuation rate and increased field indicate that 
there are sources of magnetic field in the engineer's compartment 
or the immediate vicinity which are located well above the floor 
level. These sources may well be equipment or instrumentation 
wi thin the compartment, or the associated wiring. These field 
sources appear to have frequency and temporal characteristics 
similar to those of the primary field sources below the vehicle 
floor. 

3.4 Other Onboard Measurements 

The last onboard measurement data set contained in Appendix H 
represents a profile of repetitive waveform measurements made 
perpendicular to the long axis of the TR07 vehicle at a height of 
approximately 5 cm above the floor at a point midway through the 
main passenger compartment of the second car. Details on, and a 
photograph of, the measurement location are found in section 4.1 
and Appendix B of th.e Interim Report. These measurements were 
taken to address the question of whether small changes in position 
might produce large changes in field level sudh as those which 
might occur if strong localized. field sources were located 
immediately below the floor. These data should not be directly 
compared to other data sets collected onboard the TR07 vehicle 
because th~ vehicle was operating at low speed and stopped during 
this test. Nevertheless, the relative field levels between field 
sensors could be compared to show that time varying magnetic field 
conditions are relatively uniform laterally across the floor of the 
vehicle. Figure 3-23 shows the field by time and distance from the 
center of the aisle for the total time varying field. There is 
little variability along the distance axis at any time indicating 
that the field is spatially tiniform (the reader is reminded that 
measurements were taken at only 4 locations marked by the cusps in 
the graph along the time = 0 and time = 150 seconds borders to the 
graph. The curved profile between these sparse measurement 
locations is an artifact of the surface fitting algorithm used to 
prepare the pseudo-three-dimensional graphs. Figure 3-24 presents 
the corresponding graph for static field measurements. Lateral 
position within the vehicle has a somewhat larger effect on static 
field level than the time varying field level, but the influence of 
lateral position is small compared to the effects of vertical 
position or time. 
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During the lateral profile measurement, the TR07 vehicle came to a 
stop, levitated for a short period of time, then began moving 
again. Figures 3-25 and 3-26 show field versus frequency and time 
graphs of field data measured with coil-type and fluxgate-type 
sensors at a point approximately 5 cm above the floor at the edge 
of the aisle midway through the passenger compartment of the second 
car. These graphs show that almost all of the time-varying 
magnetic fields disappear during the interval from 1.5 to 2.0 
minutes when the vehicle is stopped but levitating. Only a small 
25 Hz component remains. The total static field during levitation 
at this point is just slightly less than the earth's geomagnetic 
fi~ld indicating some cancellation between earth's field and the 
static field produced by the vehicle. If the vehicle was stopped 
at a different location, or at different locations within the 
vehicle, mutual orientation of the locally produced static field 
and the geomagnetic field would likely be different and the total 
field produced by the two sources could be different than that 
indicated in Figure 3-26. Similar graphs for data taken at other 
locations within the vehicle are located in Appendix H. They show 
similar characteristics of disappearing time-varying fields when 
the vehicle levitates. 

3.5 Comparison with Other Data 

The report focuses on the analysis of the repetitive .waveform data 
which was not included in the Interim Report. The field intensity 
values reported herein have more statistical validity than those 
contained in the Interim Report by virtue -of the large number of 
repetitive measurements within the data sets described in this 
report. Nonetheless, this report neither detracts from nor 
supersedes analyses of specific field waveforms and frequency 
spectra contained in the Interim Report. On the contrary, it 
broadens and reaffirms the qualitative interpretations of the data 
presented earlier. . 

Personnel at Industrienanlagan-Betriebsgeseuschaft mbH (IABG) have 
conducted various measurements of magnetic field and 
electromagnetic interference (EMI) onboardand adjacent to the TR07 
system and earlier magnetically levitated transportation systems. 
Unfortunately, most of these reports are confidential with 
restricted distribution. MVP was kind enough to provide copies of 
several pertinent reports of measurements onboard the TR06 and TR07 
vehicles to the U.S. Federal Railroad Administration to assist in 
their assessment of the -safety a~p4ects of the Transrapid 
technology. Two of those reports ' contain magnetic field 
measurement data related to the data collected in the measurement 
program reported herein. Since the authors wish to honor the 
conf identia 1 i ty of the IABG data, none wi 11 be presented here. 
Rather, the authors will comment on the consistencies and 
inconsistencies of the two data sets. 
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Available IABG data on the TR07 vehicle3 consists of magnetic field 
measurements in the vehicle and EMI measurements outside the 
vehicle. The EMI measurements focus on frequencies above 10 kHz 
commonly used for communications and are therefore not relevant to 
the measurements re'ported herein. The reported sta~ic' component 
magnetic field at floor level within the vehicle shows good 
agreement with the magnitudes reported here. This IABG report does 
not provide a spectral analysis of the time-varying components of 
the magnetic field in the vehicle. Furthermore, the waveform 
recordings (due to their slow time scale) do not provide sufficient 
detail for these authors to approximate frequency characteristics 
or compare time domain waveform information to their measurements. 

IABG magne.tic field' measurements onboard the TR06 vehicle were 
apparentlym6re comprehensive than their measurements on the TR07. 
The TR07' vehicle is, of somewhat different construction than the 
earlier TR06 and there are differences in the magnet structures. 
Neverthel~ss, the levit~tion, guidance, and propulsion technology 
are basically the saine. Hence there is valid reason to compar~ 
measure~ents on the two vehicles. Frequency spectra are reported 
'for a variety of operating conditions. Most spectra have the 
general characteristics indicated in F~gure 3-27 which came from a 
document with uncontrolled circulation. Figure -3-21 also contains 
an insert showing field levels at floor, seat, and seat back levels 
but there is no 'indication. if these are static fields, time-varying 
.fields, or total fields. Th'e measurements. reported for the TR06 
compare to those 'measured by .-ElectricResearch and~ Management, Inc. 
in Augtist 1990 in th~ following waysi" ,. 

static fields at floor, seat,and.seated head levels measured 
by Electric Research andManagem~nt, In6. averaged 834 m~, 611 
mG, and 634 mG, respectively (8j ~T, 61 ~T, and 63 ~T). These 
include the geomagn~tic field. The £loor.level measurement is 
comparable to that indicated in the insert within Figure 3-27, 
but the seat and seated head, l~vel fields -are substantially 
higher than'indicated in the figure 1nsert.- C6rrectionfor 
the geomagnetic field (~ 4S ~T) would not account for the 
difference. - Either the values indicateci 1n the insert in 
Figure 3-27 are not static field values or static field levels 
were different for· th~ TROG., s~atic field value,S reported for 
the TR07 measure~ents are 1n good agreementwlth the values 
measured.by Electric Research and Management, Inc. 

Total time-varying fields in th~ frequericy tange from 2.5 Hz 
to approximately 2 kHz measured by Electric Research and 
Management, Inc. in the passenger section of the TR07 were 96 
mG, 52 mG, and 31 mG (9.8 ~T, 5.2 ~T, and 3.1 ~T) at floor 
level, seat level and seated head level, respectively. The 
time-varyirig field level measured at floor level is 
substantially less than the value given in the insert in 
Figure 3-27, but. the measured time-varying fields at the seat 
and head level are slightly larger. 
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Frequency spectra reported by IABG did not include a statement 
about the measurement bandwidth and therefore cannot be 
interpreted quantitatively. 

The magnetic field frequency spectra reported by IABG are 
qualitatively similar to those measured by Electric Research 
and Management, Inc. except the I1i.BG spectra tend to be 
smoother. That difference may have arisen from use of a wider 
bandwidth or averaging over time. Neither parameter 
(bandw~dth or sample time) are explicitly stated in the IABG 
report. 

The IABG report indicates that the major source of magnetic 
fields within the TR06 vehicle is not the magnets, but the 
power cables to the magnets. ' The Electr ic Research and 
Management, Inc. measurements neither confirm nor contradict 
that conclusion since they indicate only that the fields come 
predominantly from a source beneath the floor. 

Data from the Electric Research and Management, Inc. measurements 
on the TR07 are generally" consistent with IABG measurement data 
from the, TR06 to the extent that'the IABG report the specif ic 
information needed for the comparison. It is impossible to 
determine if the apparent'inconsistencies result from differences 
between the TR06 and TR07 technoiogy or differences in measurement 
approach which are not completely reported. None of the 
comparisons are conclusively contradictory - hence the IABG data 
should be accepted at face value. 

During a visit by Volpe National Transportation Systems Center and 
Federal Railroad Administration to the Emsland test facility on 
October 17, 1991, magnetic field measurements were also-made to 
provide comparison data to the measurements described in this 
report. Measurements were made with a model EMDEX-II Electric and 
Magnetic Field Digital' Exposure Meter (EMDEX) manufactured by 
ENERTECH Consultant~ of Santa Clara County, Inc. The instrument 
was worn at belt level within the TR07 vehicle. Those data were 
provided to Electric Research and Management, Inc~ for comparison 
with their measurements. Figure-3-28 presents the data indicating 
magnetic field strength as a function of time. ' Also plotted on 
Figure 3-28 is'a profile of the approximate vehicle speed. It is 
immediately obvious that the temporal variability of the mag'netic 
field intensity recorded by the EMDEX is large and apparently not 
correlated with vehicle speed. These observations are consistent 
with the more extensive data collected in August 1990. 

since the EMDEX does not measure the frequency characteristics of 
the field, these data can confirm neither the above reported 
frequency spectra nor the variability of those spectra in response 
to vehicle speed. Taken at face value, these EMDEX appear to 
contradict the earlier measurements of time-varying field intensity 
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summarized in Table 3-2, but that is not the case. The EMDEX meter 
has a 3 dB bandwidth from approximately 40 Hz to approximately 1000 
Hz. It is insensitive to magnetic fields at frequencies outside 
that band.. Consequently, it fails to record the strongest 
components of the time-varying magnetic field onboard the TR07 
vehicle which occur at frequencies below 40 Hz. One can determine 
the average magnetic field measured during the August 1990 tests 
which falls within the limited bandwidth of the EMDEX meter by 
computing the root-sum-square of the average fields in the 45-60, 
65-300, and 300-2560 bands given in Table 3-2. That calculation 
yields a seat level mean field level of 20.0 mG. Examining Figure 
3-28, one finds that when corrected for instrument bandwidth, the 
EMDEX data and the Electric Research and Management, Inc. data 
agree well. Unfortunately, the EMDEX data can neither confirm nor 
contradict the August 1990 measurements of fields below 40 Hz since 
the EMDEX meter i p unresponsive at those frequencies. 
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4.0 MEASUREMENTS ALONG THE GUIDEWAY 

Measurements of magnetic fields produced by the operating TR07 
system were made beneath and at increasing distances from the 
guideway at three locations as des9ribed in'detail in sections 4.2 
through 4.4 of the Interim Report. Those measurements included 
repetitive waveform measurements which have been analyzed as 
described in section 2 above. Those results are presented here and 
compared to the interim results presented in the earlier report. 
Additional special measurements of the magnetic fields near- the 
guideway for a stationary but levitating TR07 vehicle were made at 
one location outside the maintenance building. 

4.1 Measurement Locations 

Nine sets of repetitive waveform measurements were made at three 
locations where the guideway construction differed. six data sets 
were measured beneath and near the high steel guideway in the 
vicinity of the control center as described in section 4.2 and 
Appendix C of the Interim Report. All sensors were mounted 1 meter 
above the ground. Three sensors were placed along a line 
perpendicular to the guideway at distances of 0, 3, 'and 10 meters 
from centerline to record the rate at which the field attenuates at 
increasing distances from the right-of-way. Three sensors were 
located at 25 meter increments along the guideway at 3 meters from 
centerline to quantify the variation in field conditions along the 
guideway and increase the probability of obtaining a- measurement 
with the vehicle passing directly past ~ sensor. 

One set of repe-titive waveform-data was collected beneath and 
adj acent to the low concrete guideway in the south, loop. The 
layout of sensors is detailed in section 4.3 and Appendix D of the 
Interim Report. This is similar to the array pattern used at t~e 
high steel guideway measurement location except that the 
longitudinal profile is measured 4 meters from centerline. 

The third group of guideway measurements is two data sets obtained 
beneath the high concrete guideway at the passenger station. Three 
sensors were located 1 meter above ground at distances of 0, 3, and 
9 meters from centerline of the guideway as described in section 
3.4 and Appendix E of the Interim Report. 

The pertinent information about the data obtained in these nine 
sets of repetitive waveform recordings is provided in Table 4-1. 
Pseudq-three-dimensional graphs of the magnetic f:lux density versus 
frequency and time and the graphs of flux density versus distance 
from centerline of the guideway and time are provided in Appendices 
I through Q of this report as specified in Table 4-1. 

A special set _ of measurements were conducted '_to quantify the 
magnetic field-conditions near a'stati6nary but levitating TR07 
vehicle. These measurements, :which were made on the low guideway 
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just outside the maintenance building, consisted of two sets of 
repetitive waveform measurements, one with, .the vehicle parked on 
the guideway to determine ambient backgrourid conditionsj ~nd the 
other with the vehicle levitating. Detailed information· regarding 
this test and sensor locations can be found in section 4.5.3 and 
Appendix H of the Interim Report. Pertinent data on sample rate, 
number of samples, etc. are given in Table 4-1. 

4.2 AC Field Measurements 

The various data sets obtained near the three sections of guideway 
are similar. Figures 4-1 through 4-3 show the ac magnetic flux 
density versus frequency and time for measurements under the high 
steel guideway at increasing distances from centerline from 
Appendix J. They are typical of other measurements along the 
guideway. They clearly illustrate that there is no significant 
field from the guideway except for those brief intervals when that 
section is energized to power a passing vehicle. The background 
fields (a 50 Hz component from the nearby power system and a 380 Hz 
component frequently encountered of unknown brigin) are 
approximately of equal intensity at all distances from the 
guideway, indicating that theguidew~y is not thesourc~~ ; 

When the guideway is energized and a vehicle is passing, a magnetic 
field appears. The field decreases with amplitude as the distanc~: 
from the guideway increases, confirming that the guideway is the 
source. Figure 4-4 is a field versus time and distance plot 
emphasizing this fact. Note that the frequency spectrum differs 
from one train pass to the next in Figures 4~1 through ~-3, but 
that for each pass the spectrum is essentially identical at all 
distances "from the guideway. 

Figures 4-2, 4-5, and 4-6 show plots of field s~rength versus ti~e 
and frequency at three locations, each three meters from the 
guideway, but at 25 meter increments along the guideway. The 
measurements were made simultaneously yet b0th the intensity and 
frequency distribution characteristics of the field ~v~ry by 
location. This difference is apparently due to the spec if ic~' 
location of the vehicle during the 0.2 second interval that th~ 
discrete waveforms were recorded. . Since repeti ti ve waveform' 
samples can be recorded no more frequently than about every 5 to 6 
seconds with the version of the MultiWave TIA recorder used for these 
tests, and since the speed. of the TR07 vehicle is very large, 
performing a measurement while the'vehicle is centered above the 
probe is unlikely. From Figures 4-2, 4-5, and 4-6, it appears as 
though at the first pass, fhevehicl~ was near or just south of the 
southern-most probe; during the second pass, was between the 
southern-most and center probe; and for the' third and fourth 
passes, was near or slightly-north of the. northern-most probe at 
the exact instant that one of· the repetitive waveform samples was 
taken. 
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4.3 static Field Measurements 

The static field measurements revealed no significant effect of the 
passing TR07 vehicle, nor should they have been expected to show 
such an effect. The vehicle passes the measurement point so 
rapidly that any field which is static with regard to the vehicle's 
frame of reference is dynamic with regard to stationary 
measurements along the guideway. Figure 4-7 shows a field versus 
time and frequency plot of data collected beneath the high steel 
guideway using a fluxgate sensor. This data, like the ac field 
data described above comes from Appendix J. It is typical of 
similar plots of repetitive waveform data from fluxgate sensors at 
all locations near all three types of guideway. This figure 
confirms that the static field is essentially unchanged by the four 
passes of the·TR07 vehicle that occurred during this measurement. 
Some lowfrequency.·time~varyingfields were recorded for the second 
and third pass of the .vehicle. Looking closely at the magnitude of 
the static field over time, one can detect a very slight lowering 
of the field at the first and third passes of. the vehicle and 
increase in the field after the second and fourth passes. This is 
apparently . due to a small residual magnetism remaining in the 
guideway after' the vehicle passes. Presumably, the residual 
magnetism adds to the geomagnetic field after the vehicle passes in 
one direction but subtracts from the geomagnetic field after the 
vehicle p~sses headed the other direction. This phenomena will be 
more apparent in some of' the data collected at the passenger 
stati6n.reported in the:next section. 

Spatial distribution of the static field beneath the high steel 
guideway is shown in Figure 4-8. It too was taken from Appendix J 
for consistency.' The lack of temporal variability indicates that 
active operation of the guideway has no significant effect on the 
static magnetic field in th~ vicinity. However, the static field 
directly beneath the guideway is higher than the geomagnetic field 
.furtherremoved. This suggests that the presence of the iron in 
the guideway enhances the geomagnetic field beneath it. 
'Geomagnetic field enhancement was also seen beneath the high and 
low concrete guideways but .to a lesser extent as demonstrated by 
the data in Appendices 0, P, and Q.: 

4.4 Summary Data 

After collapsing the field by time and frequency data into 
frequency bands for spatial analysis,· the mean and standard 
deviation and coefficient of variation of the field was calculated 
at each location and within each frequency band. Those results 
along with the minimum values of the field are presented in Tables 
4-2, 4-3, and 4-4 for the high steel guideway, low concrete 
guideway and high concrete guideway respectively. Data from set 
number TR7018 are not included in the summary because that set 
contains only background field data when no trains are passing. 
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The static field data in the summary tables have very low 
coefficients of variation consistent with the above observation 
that these are geomagnetic fields. - For all 'three types of 
guideway, the static field is higher under the guideway. Figure 4-
9 shows the lateral profiles of the~mean~tatic field at increasing 
distances from the guideway. Thesteel,guideway has the greatest 
enhancement effect due to its large quantity of iron. The low 
concrete guideway has less iron than the steel guideway but is 
closer to the measurement probe and therefore causes significant 
enhancement beneath the guideway and reduction a few meters out to 
the side. The high concrete guideway appears to have the least 
effect on the uniformity of the geomagnetic field. 

Since the ac fields of interest are those that exist when the 
overheqd guideway is energized and the vehicle. is nearby, the mean' 
value of the ac field has little significance. Its value is 
greatly diluted by the extended periods of time that the guideway 
is. de-energized relative to the time it is energized. The mean 
value would therefore be directly proportional to the frequency of 
vehicle passes and highly dependant on background field levels. A 
better indicator of field conditions present while a vehicle passes 
is the maximum value of the recorded field. The miximum field in 
each frequency band is plotted as a function of distance fro~ the 
guideway ,for each type of construction in Figures 4-10 through 4-
14. 

Figures 4-10 and 4-11 show that the magnetic fields in the lower 
frequency ranges tend to,be higher near the low conciete guid~way 
but similar for all three types of construction at the 10 meter 
distance. This appears to be the result of near p~oximity to the 
low guideway. The disappearance of that effect at the higher 
frequenciesrnay be an artifact of.the lower speed of the vehicle in 
the ~outhloop where the low concrete guideway measurements were 
made. . 

The elevated 65 to 300 Hz magnetic fields beneath the high steel 
guideway and, elevated 305 to 2560 Hz fields bene,ath the, high 
concrete guideway indicated in Figures 4-12 and 4-13, respectively, 
appear to result from differences in excitation frequency of the 
guideway r~sulting from differences in vehicle speed at the two 
locations and do not appear to be influenced by guideway 
construction. Please refer to the field by time and frequency 
plots in Appendices J and P. ' 

4.5 Special Test of Levitating Vehicle 

As mentioned above, the amount of time required for the TR07 
vehicle to pass by a measurement site along the guideway is very 
short. As a result, there is no static field from the vehicle in 
the frame of reference of the stationary measurement. 'In order to 
better characterize'a~d understand the magnetic field environment 
outside the TR07 vehicle and along the guideway, a special set of 
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measurements were made for th~ stationary vehicle alternatively 
levitating then settling on its skids. 'The data from these 
measurements are provided in Appendix V. Another set of repetitive 
waveform measurements were made at the same location but with the 
vehicle parked to quantify the background fields in the area' just 
outside the maintenance area which do' not come from the' TR07 
vehicle. The background field data are in AppendixU. 

".:.;: 

The background static field varies from approximately 450 mG to.600 
mG depending on the degree of perturbation·of the geomagnetic field 
caused by ferromagnetic structures in the vicinity. The time~ 
varying background magnetic field Is primarily a 50 Hz· field of 
about one quarter to one third milligauss. Harmonics of the power 
frequency field and fields at other discrete frequencies are also 
present in amounts that vary by time and lociation. " 

When the vehicle levitates, the time-varying fields increase 
markedly. The largest fields are near the guideway, attenuating as 
the distance from the guideway increases. There are .also 
considerable differences in the intensities of the field at 
different points longitudinally along the guideway. The principal 
discrete frequencies in these fields appear to be the power 
frequency (50 Hz) and its 5th harmonic (250 Hz). Low frequency 
fields below 'the power frequency are also present in varying 
degrees. Since no one field by time and frequency plot, is 
representative, the reader' is referred to Appendix V for these 
details. Summary data are found in Table 4-5. 

static field levels near the guideway are significantly affected, by 
levi tat ion of the vehicle at locations near the guideway. . The 
static field increases or decreases during levitation dep~nding .on 
the relative orientation of the static field from the vehicle and 
the geomagnetic field of the earth: Figures 4-15 and 4~16 both 
represent data taken at. the edge of the guideway but at different 
locations along the guideway .. ' 'The additive effect of the Vehicle 
fields in Figure 4-15 and cancellation effect in Figure 4-16 are 
clearly evident. At increasing distances from the guideway~ the 
perturbation of the geomagnetic field diminishes to only about ±1% 
at 10 ~eters from the guideway. Specific information on static 
field characteristics are in'Appendix V. The summary information 
in Table, 4-5 reflects this trend as decreased coefficient of 
variation in the static field values at increased distance from the 
guideway. 

4.6 comparison with other Data 

The data in the summary tables and graphs'iireverY2consistent with 
preliminary data presented in the Interim Report, as well they 
should be because' the interim data were to a large extent a 
selecte~4subset of the data presented here. The available IABG 
Reports' of magnetic field me,asurements on the TR06 andTR07 
Systems do not report measurements of the magnetic field along the 

4-24 



01:
:> I I\
J
 

U
1 

T
A

B
L

E
 

4
-5

 

SU
M

M
A

R
Y

 
D

A
T

A
 

FO
R

 
M

A
G

N
E

T
IC

 
F

IE
L

D
 

M
E

A
SU

R
E

M
E

N
T

S 
B

E
N

E
A

T
H

 
T

H
E

 
LO

W
 

C
O

N
C

R
E

T
E

 
G

U
ID

E
W

A
Y

 
W

IT
H

 
TH

E 
ST

A
T

IO
N

A
R

Y
 

T
R

07
 

V
E

H
IC

L
E

 
L

E
V

IT
A

T
IN

G
 

O
V

ER
H

EA
D

 

L
O

W
 C

O
N

C
R

E
T

E
 G

U
ID

E
W

A
Y

 O
U

T
S

ID
E

 M
A

IN
T

E
N

A
N

C
E

 F
A

C
IL

IT
Y

 
T

O
T

A
L

 O
F

 3
9 

S
A

M
P

L
E

S
 

F
R

E
Q

U
E

N
C

Y
 D

IS
T

A
N

C
E

 
M

IN
IM

U
M

 
M

A
X

IM
U

M
 

A
V

E
R

A
G

E
 

S
T

A
N

D
A

R
D

 
C

O
E

F
F

IC
IE

N
T

 
B

A
N

D
 

W
E

S
T

 O
F

 
M

A
G

N
E

T
IC

 
-M

A
G

N
E

T
IC

 
M

A
G

N
E

T
IC

 
D

E
V

IA
T

IO
N

 
O

F
 

G
(W

 
F

IE
L

D
 

F
IE

L
D

-
. 

F
IE

L
D

 
V

A
R

IA
T

IO
N

 
(m

) 
(m

G
) 

-
(m

G
) 

(m
G

l 
(m

G
) 

(%
) 

I 

S
T

A
T

IC
 

0.
00

 
14

0.
71

 
66

8.
62

 
50

5.
77

 
16

4.
17

 
32

.4
6 

I 

S
T

A
T

IC
 

3.
00

 
* 

* 
* 

* 
* 

I 

S
T

A
T

IC
 

55
6.

58
 

0.
66

 I 

10
.0

0 
55

1.
53

 
56

6.
34

 
3.

69
 

6-
45

 H
z 

0.
00

 
15

.5
1 

95
.9

2 
34

.1
0 

18
.9

1 
55

.4
7 

I 

6-
45

 H
z 

3.
00

 
3:

82
 

22
.1

9 
9.

42
 

4.
43

 
47

.0
1 

I 

6-
45

 H
z 

10
.0

0 
0.

80
 

2.
49

 
1.

24
 

0.
45

 
36

.4
1 

! 

48
-6

0 
H

z 
0.

00
 

4.
88

 
51

.7
9 

16
.8

6 
14

.3
2 

84
.\)

7 
48

-6
0 

lI
z 

3.
00

 
2.

0\
) 

26
.2

6 
7.

95
 

7_
13

 
81

).7
8 

I 

48
-6

0 
H

z 
10

.0
0 

0.
26

 
3.

15
 

0.
98

 
0.

84
 

85
.6

5 
I 

.. 
! 

63
-3

00
 H

z 
0.

00
 

5.
77

 
27

.6
4 

_ 
11

.6
6 

6.
42

 
55

.0
4 

63
-3

00
 H

z 
3.

00
 

1.
91

 
7.

59
 

3.
31

 
1.

52
 

45
.9

0 
63

-3
00

 H
z 

10
.0

0 
0.

27
 

1.
25

 
0.

49
 

0.
26

 
53

.2
9 

I I 

30
3-

15
36

 H
z 

0.
00

 
3.

55
 

10
.6

6 
5.

83
 

1.
80

 
30

.8
0 

I 

30
3-

15
36

 H
z 

3.
00

 
l.

16
 

3.
69

 
1.

82
 

0.
59

 
·3

2.
63

 
30

3-
15

36
 H

z 
10

.0
0 

0.
16

 
0.

54
 

0.
25

 
0.

09
 

36
.2

7 
I I 

6-
15

36
 H

z 
0.

00
 

.1
9.

07
· 

1]
 0

.0
4 

40
.7

2 
23

.7
6 

58
.3

6 
: 

6-
15

36
 H

z 
3.

00
 

5.
96

 
34

.1
1 

13
.2

7 
7.

94
 

59
.8

1 
6-

15
36

 H
z 

10
.0

0 
0.

99
 

. 
4.

18
 

1.
72

 
0.

90
 

52
.1

0 
-

N
O

T
E

: 
* 

D
a
ta

 
lo

s
t 

d
u

e
 

to
 

p
ro

b
e
 
f
n

il
u

r
e
. 



(I)
 
~ 

(I)
 

!\
j 

:J 
.... 

~ 
~ 

"-
\'i)

 .... 
.....

. . ~ ~ 
~ !ti

 
'= CJ

 
~ 

.....
. 

'(
) 

Q)
 

.
~
 

~
 

G..
 

(\
).

 
I 

~ 
N

 
0'

1 
Cl

 

'-
.l

 

~ 
III

 c: 
!\

j 

~
 

~ 
~
 

e 

F
ig

u
re

 
4

-1
5

, 

~
 

.-
.,

. &
0:

;:>
- 0

&
 -
?

 O
J
-

<
? 

""-
...

.r-
-.:

.~"
 

.:..
....

" 

<
D

 
<

D
' 

o 
---

...
..0

 
-->

 

<
6 

""
 . 

M
a
g

n
e
ti

c
 

fl
u

x
 

d
e
n

s
it

y
 

v
e
rs

u
s
 

fr
e
q

u
e
n

c
y

 
a
n

d
 .

ti
m

e
 

m
e
a
su

re
d

 
w

it
h

 
a 

fl
u

x
g

a
te

 
s
e
n

s
o

r 
b

e
n

e
a
th

 
th

e
 

lo
w

 
c
o

n
c
re

te
 

g
u

id
e
w

a
y

 
6 

m
e
te

rs
 

fr
o

m
 

th
e
 

la
te

r
a
l 

p
ro

fi
le

 
w

it
h

 
th

e
 

T
R

07
 

v
e
h

ic
le

 
le

,v
it

a
ti

n
g

 
o

v
e
rh

e
a
d

. 



II)
 
~
 

II)
 

1\
 

:)
 ~ 
~ '{

) 
'- '- f: 

~ lJ)
 

c:: 
~ ~ 

C:l
 

'-

~ 
\ll 

I'
) 

"'" 
lc 

I 

~ 
~
 

\J 
-.

.]
 

C\
j 

"-
.)

 

\ll 
~ 

c:: b)
 

~ 
I\

) 

0
9

 

F
ig

u
r
e
 

4
-1

6
 

/
0

- .-
-,

 6
>

9
 <"

-o
S>

-?
 O

J
-

<?
 

<
D

 
<:

D
 •

 

. 
<

' 
~
~
 

~<
::
' 

"'" 
,,-

-,
<

2-
-->

 

«
0

 
'"

 . 

M
a

g
n

e
ti

c
 

fl
u

x
 

d
e
n

s
it

y
 
v

e
r
su

s 
fr

e
q

u
e
n

c
y

 
a

n
d

 
ti

m
e
 

m
ea

su
re

d
 

w
it

h
 

a 
fl

u
x

g
a

te
 

se
n

so
r
 

b
e
n

e
a

th
 

th
e
 

lo
w

 
c
o

n
c
r
e
te

 
g

u
id

ew
a

y
 

a
t 

th
e
 

la
te

r
a

l 
p

r
o

fi
le

 
p

o
in

t 
w

it
h

 
th

e
 

T
R

07
 

v
e
h

ic
le

 
le

v
it

a
ti

n
g

 
o

v
e
r
h

e
a

d
. 



guideway in the frequency range addressed here. Those reports 
focus on frequencies above 10 kHz where emitted electromagnetic 
fields might affect radio frequency communication. 
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5.0 MEASUREMENTS AT THE PASSENGER STATION 

5.1 Measurement Locations 

Measurements 'of the magnetic ·field were made at two locations at 
the passengei stati6ri~ Th~ first ~as ap~~oximately 5 em above the 
loading platform deck at a 'point 2.5 m from centerline of the 
guideway.: This. location was just iilside the railing which 
surrounds the outdoor platform~ The second measurement point was 
one meter. above the floor just inside the passenger waiting area. 
This point was 5.5 m from centerline of the guideway. More 
detailed information concerning the placement of the senso~s can be 
found in section 4.4,~nd Appendix E of the Interim Report. 

Two sets of repetitive waveform data were collected at these 
measurement locations as the TR07 vehicle passed at high speed 
without stopping. As indicated in Table 2~1, these are part of 
data sets TR7020 and 7021 and are found in Appendices P arid Q. 

5.2 Time-Varying Magnetic Fields 

The magnetic field characteristics at the station are very similar 
in nature to those near the guideway as discussed in section 4 
above. Table 5;""1 shows the summary data on field strength for 
these measurements. As was the case for the measurements along the 
right-of-way, .. the actual time is very short when the guideway in 
front of' the platform. is energized and the vehic'le is in 'the 
vicinity. Consequently, the average fields are very low. The 
increased field levels produced by the energized guideway and 
nearby vehicle are diluted in the average by the long periods of 
low background' field levels between train passes. The average 
value of the magnetic field at the station is a poor indicator of 
performance since it is dependant on the frequency of train passes 
and background field levels; parameters which would certainly be 
application specific. The maximum magnetic field which occurs as 
the vehicle passes is more objective characterization of the 
technology. Average field levels for a specific application could 
be computed from the maximum value and site specific information on 
background field levels and frequency of vehicle passes. 

Comparing the maximum magnetic fields at the station shown in Table 
5-1 to those along the guideway (Figures 4-2 through 4-4), one sees 
that the time-varying fields on the loading platform (25 m from the 
guideway) are substantially larger than those along the guideway. 
That appears, to 1::>e due entirely to proximity. The temporal 
characteristics of the field at this point are similar to those of 
magnetic fields at locations along the guideway. -Frequency spectra 
are also~imilar except there is ~roportionately more low frequency 
fields present at the platform measurement location. This 
difference appears both·inthe summary data and the field by time 
and frequency plots of Appendices P and Q. 
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The time-varying magnetic field characteristics including intensity 
at the measurement location within the passenger waiting area (5.5 
m from -the guideway centerline) are typical of those along the 
guideway at comparable distances from centerline. 

5.3 Static Magnetic Fields 

static field levels at both station measurement locations appear to 
be predominantly due to the geomagnetic field. Deviation from the 
typical geomagnetic field strength in the Emsland appears due to 
the "perturbing" effect of iron and steel components in the station 
and platform structure. Table 5-1 shows th~t both maximum and 
minimum values of the static field are close to the average value 
indicating that the - passing vehicle produces neither marked 
increases nor decreases in the static field. This same conclusion 
can be drawn from insp~ction of the field by time and frequency 
plots for thefluxgate measurement sensor in Appendices P and Q. 
Figure 5-1 shows one such field by time and frequency plot for th~ 
measurement location 5 cm above the deck of the outdopr platform 
taken from Appendix P. Note that there is a step shift in static
field intensity ~t this location each time the TR07 vehicle passes
and the direction -of the step is dependant on the di~ectionof 
travel of the vehicle. that phenomena apparently results from 
residual magnetism in the ferromagnetic components of the guideway 
and/or loading platform. - The' effect is most noticeable at this 
lodation:because the sensor is only a few centimeters above the 
platform, because ,the probe - is close to the, guideway, or both. 
This phenomena is still visible at the measurement locationw,ithin' 
the passenger waiting area. ' 

'5.4 Comparison with other Data 

,The station data has already been ,compared to data obtained along 
the guideway in _ the preceding discussion. The Interim, Report 
described the time domain waveforms of selected subsets of the data 
described herein and is consistent with the data presented above. 
The authors are not aware of other data on magnetic ,'field 'strength 
or characteristics within the passenger station waiting area or on 
the platform. 
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6.0 MEASUREMENTS NEAR POWER SUPPLY EQUIPMENT 

Variable frequency electric power for the Transrapid TR07's linear 
synchronous motor propulsion system is obtained from the 50 Hz 
electric power grid via two banks of 50 Hz stepdown transformers, 
two rectifier banks and two inverter banks. The variable frequency 
output power from the inverters is then fed through banks of output 
transformers, through underground feeder cables, to the appropriate 
sections of longstator in the guideway. During dynamic braking of 
the· vehicle, electrical. energy generated in the longstator is 
backfed through the cables, output transform~~s,and inverters to 
the dc bus where it is dissipated in chopper controlled resistor 
banks. The rectifiers, inverters, and much of the control 
equipment is housed indoors in the inverter building. The 
transformers and braking resistors are housed outdoors. The 
approximate' locations of the indoor rectifier and inverter area, 
and the outdoor transformer and resistor yards are shown in Figure 
6-1 along with the general route of feeder cables to the guideway. 

since all of these power supply components are potential sources of 
magnetic field, four specific sets of measurements were made near 
these components to characterize their fields. Additional nearby 
measurements under the high steel guideway provide additional 
information about magnetic fi~lds from the power supply equipment, 
but at one more distant location. 

6.1 Measurement Locations 

Magnetici fields were measured in fi~e areas ar6und the pOwer supply 
equipment. These gereral areas are indicated on Figure 6.-1, unless 
otherwise noted. The sensors were 1 m above ground and 
measurements were made with the TR07 vehicle running continuously. 
The measurement set indicated "A" on the figure primarily addressed 
themagrietic fields produced by the TR07 vehicle operating on the 

.overhead guideway .. Howeverj during the intervals between vehicle 
passes, these data provide information about the magnetic fields at 
greater distances f~om the power supply equipment. During one of 
the high steel guideway measurements reported iri Appendix N, a 
probe was located between the transformer yard and the inverter 
building to quantify the magnetic fields at that location. 
Specific information about· the placement ofthrse probes is in 
section 4.2 and AppendixCof the Interim Report. 

Field measuremerits were made at the south side of th~ transformer 
yard in the shaded area marked liB" in Figure 6-1. The five sensors 
were arrayed in a cross pattern as indibat~d to better quantify 
spatial variation in the field parallel to and perpendicular to the 
transformer yard boundary. Section 4.5.1 and Appendix F of the 
Interim Report detail sensor locations. 

6-1 
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Magnetic fields in the vicinity of the braking resistor banks were 
measured in the area labelled "e" on Figure 6-1,. again using a 
cross shaped array of sensors. Specific sensor locations are 
indicated in detail in section 4.5.2 and Appendix G of the Interim 
Report. 

The next set of measurements were at the area marked liD and E" on 
Figure 6-1.' The goal of these measurements was 'to quantify the 
magnetic fields from the inverter building and the fields from the 
main feeder cable. section 4.5.4 and Appendix-I of the Interim 
Report document the locations of the sensors. 

The final set of field measurements were above the feeder cable at 
location "F" on Figure 6-1. For one set of measurements, the 
sensors were on the ground at this location and 1 m above the 
ground for the other measurements. section 4.5.5 and Appendix J of 
the Interim Report show exact sensor locations. 

Table 6-1 provides a listing of the repetitive waveform data sets 
collected during this series of tests, the test locations, the 
appendices where the field data are found and other pertinent 
measurement parameters. 

6.2 Transformer Yard 

Graphs of magnetic flux density versus time and frequency and 
magnetic flux density versus time and distance from the yard edge 
are presented in Appendix R and summarized in Table 6-2. Figure 6-
2 shows the field by frequency and time graph from Appendix R for 
the time-varying magnetic field measurements at the center of the 
south edge of the yard. This figure is similar in character to all 
of the measurements near the yard except those 7 m. east of that 
point which is somewhat more variable in time and f~equency~" That 
difference is apparently due to the proximity of this probe to the 
inv~rter o~tput transformers which are at the east side of the 
yard. The principal field components of the magnetic field are the 
50 Hz power frequency and the fifth and seventh harmonics thereof 
(250 Hz and 350 Hz) which are relatively constant over time. In 
addition to those relatively stable components, there are 
intermittent fields at 50 Hz appro~ching three times the steady 
state value and intermittent fields at other frequencies. These 
intermittent fields ~xtend well up into the kilohert~ range but at 
lowerinterisities as ~ndicated in Figure ~-3. 

The time-varyin~ magnetic fields ·from. the transformer yard 
generally attenuate in a well ~behaved bohsistent pattern as 
indicated in the field by time and distance plots of Appendix R. 
Figure 6~4 is ah example of one such plot of field attenuation over 
time. A simil~r attenuation pattern can b~ seen in the summary 
data of Table 6.;;..2. . However, at specific times and at specific 
frequencies, the att~nuation pattern is not maintained. 
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The intermittent field conditions at time 620 sand 860 s are good 
examples of this phenomena. This lack of attenuation suggests that 
these field components arise from a source other than the 
transformer yard. The pattern in levels at all probes suggests 
that some of these intermittent fields come from the direction of 
the inverter building. 

Static field levels near the transformer yard show essentially no 
variability over time which can be related to TR07 operation. the 
static field level at the three measurement locations along the 
south edge of the yard is relatively uniform at a level 
representative of the geomagnetic field level in the Emsland area. 
The static field sensors at the 3 ~eter point and 10 meter point 
each had one inoperative channel during this test. As a result, 
magnetic field attenuation away from the transformer yard was not 
measured. - The lack of measurable static field influences at the 
transformer yard boundary indicated no need to measure attenuation 
characteristics. 

The time-varying fields near the transformer yard have low average 
and· low peak values which in general attenuate with increased 
distance from the yard. Some of the intermittent components which 
fail to show attenuation away from the yard appear to arise from a 
source west of the yard, possibly the inverter building. 

6.3 Braking Resistor Bank 

Two sets of repetitive waveform measurements were made at the north 
edge of the braking resistor yard at the location indicated on 
Figure 6-1. The field versus frequency and time and field versus 
distance from yard and time plots for these measurements are in 
Appendices Sand T. Those data are sUlnmarized in Table 6-3. 

The general time and frequency characteristics of the measured 
time-varying. magnetic fields at the five probe locations are 
similar to those of the field at the center of the north edge of 
the resistor yard as shown in Figures 6-5 and 6-6. The field which 
is highly intermittent (only while the vehicle is braking) has both 
low frequency components primarily below 50 Hz and higher frequency 
components centered around 125 Hz and its harmonics up through at 
least 1500 Hz. The intensity. of the field decreases at the higher 
harmonics. Small but continuous fields are observed at 50 Hz and 
approximately 375 Hz but they appear to be background fields from 
other sources. 

The general pattern of field intensities measured at the five probe 
locations indicates that most of the measured time-varying fields 
come from the resistor banks, and most predominantly, the west 
bank. This is also evident from the reduction in average field 
level with increased distance from the bank apparent in the data of 
Table 6-3 for most frequency ranges. The notable exception is the 
power frequency field which is neither strongly distance or time 
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dependant. From review of the field data from the five probes, it 
is believed that the 50 Hz field originates from a source west of 
the resistor bank not the resistors themselves. 

The maximum field values given in Table 6-3 also fail, in some 
cases, to show attenuation with increased distance from the 
resistor yard. That appears to result from occasional 
contamination of the resistor bank field data with stronger fields 
from the guideway as the vehicle passes by. Figure 6-7 shows 
attenuation curves for the time-varying magnetic fields in the 65 
to 300 Hz range. During most of the times associated with resistor 
bank fields shown in Figure 6-5, there is an orderly and expected 
attenuation of field level away from the resistors. At time 770 
seconds, there is the clear presence of a stronger field coming 
from the opposite direction, presumably the guideway. Because of 
this occasional contamination of the resistor bank magnetic field 
measurements by fields from other sources, one has to use the 
maximum field values given on Table 6-3 with some caution. When in 
doubt, the field by time and distance curves in Appendices Sand T 

.. should be consulted. 

The static field situation near the resistor bank is very similar 
to that near the transformer yard in that normal earth-strength 
static fields are· found at the edg.e of the yard. - The. two. static 
field sensors located at greater distances from the resistor banks 
-(4 m and 11 m) .each had one inoperativ·e axis, hence,measurements 
of tota~:.static field were not. obtained at those. locations. The 
lack of effects bfthe static geom~gnetic field levels close to the 
resistor 'banks mitigates the need for attenuation measurements. 

Aithoughthe average time-varying magnetic fi~lds near the resistor 
bank are·small (approximately 1.5 mG) artd attenuate rapidly with 
increased distance from the yard, they are highly intermittent and 

-frequently have values in the ~5 to 30_mG r~nge for short periods 
of time. 

~.4 Inverter Building 

Two sets of repeti ti ve waveform measurements were made at the 
northeast corner of the inverter building in the area indicated on 
Figure 6-1. The field versus frequency and time and field versus 
distance from the inverter building. and time . are contained in 
Appendices Wand X. Summary data for these measurements. are given 
in Table 6-4. 

The characteristics of the magnetic field near the inverter 
building appear to be radically different between the first test 
(Appendix W) and the second (Appendix X). The vehicle was 
reportedly running during both tests. Magnetic fields depicted in 
Appendix W appear to be background levels of low level relatively 
continuous fields predominantly at the power frequency and its 
harmonics. Those shown in Appendix X are highly variable in both 

6-14 
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the time and frequency domains. These fields have characteristics 
similar to those of the fields at the south side of the transformer 
bank. Spatial distributions clearly indicate that the fields 
originate in the direction of the inverter building in both cases. 
Interestingly, the fields reported in Appendix Ware similar in 
nature to those measured with the single probe between the inverter 
building and transformer yard (point A in Figure 6-1) during the 
high guideway measurements reported in Appendix N. It is not clear 
from the available information whether the difference in field 
conditions results from the vehicle stopped versus running from 
differences in operational modes, or whether during the short time 
interval of the first measurement, an occasional quiescent 
condition occurred. Because of this uncertainty, both data sets 
are combined in the . summary data of Table 6-4. However, since 
there were only 6 samples in the first data set with the lower 
steady fields and 219 samples in the second data set where the 

" vehicle was clearly running, the average field values in Figure 6-4 
are heavily weighted by the larger data set. 

Since the field by time and frequency plots near the inverter 
building have characteristics similar to those near the transformer 
yard, they will not be discussed again. Compl~te data are in the 
appendices. Instead, the field intensities and distributions will 
be' discussed using the plots of field versus distance from the 
inverter building over time for the total time-varying fields given 
in Figures 6-8 and 6-9. They were taken from Appendices Wand X 
respectively. Figure 6-8 shows the intensity of the total. time
varying fields in the frequency range from 5 to 2560 ~zover:a 
period of approximately 20 seconds. During tois time, the field 
levels are low and uniform over time but attenuating with increased 
distance from the inverter building. Figure 6-9 or the quiescent 
period from approximately 110 seconds to 200 seconds along "the time 
scale are very similar to the con~ition~ shown in Figure 6-8 with 
the. expanded field intensity scale. However ,intermixed with these 
quiet periods are periods with substantially higher fields as 
demonstrated by Figure 6-9 . These periods of higher fields 
continue to have a clear attenuation characteristic between 5 m and 
15 m from the inverter building, "but the field levels at 15 m and 
25 m from the building are approximately uniform. This indicates 
that the buried feeder cables in the area of' the sensors are 
contributing to the magnetic field at the 15 m and 25 m locations. 

static field levels during these measurements show no fluctuation 
in the static field attributable to operation of the TR07. 

The apparent inconsistency between the two data sets measured near 
the inverter building appears to arise from the fact that the very 
short initial data set was collected purely by chance during a 
period when only low level quiescent field conditions existed. 
Examination of the larger data set demonstrates the existence of 
such quiet periods. Consequently, all of the data in Table 6-4 
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summarizing minimum, maximum, and average time-varying magnetic 
field conditions near the inverter building appear accurate. 

6.5 Feeder Cables 

The final component of the power supply system examined during the 
Au~ust 1990 magnetic field measurements was the feeder cables. 
Four sets of repetitive waveform data were collected at two of the 
sites labelled "E" and "F" on Figure 6-1. these measurements were 
complicated by the fact that the expected field from the buried 
cable was small, the'background fields from other sources could be 
large, and the exact location of the cables was uncertain. The 
four relevant data'~ets are contained in Appendices W through Z. 

,_ c • 

Plots of total time~varyirigmagnetic flux density as a function of 
di~tance along a line ~~rpendicular to and crossing the presumed 
location of the feeder cables over time from the four data sets are 
provided in 'Figures 6-10 ,through 6-13. Similar plots for other 
frequency bands'~r~ ,included in Appendices W through Z. 

,.' -' 

The first test neaJ:' "t-he ihverter building was during a quiescent 
period. Figure 6...;iOfndicates only very low fields, none of which 
appear to,comS fr6mthepresumedcable location. 

, . '. -
, " 

Data' from the second' and longer 'test 'at this same location are 
given in,Fig~re 6-11., These d~ta provide some suggestion that part 
of the field~,ori~iriate·~rom~one 'or more cables at the ~ssumed 
location. " ,Si:nce,there,are>, reportedly, four three-phase cables 
buried in ,this vicinity arid'thei may not be -in the same trench, the 
"attenuation pa'tterns which Vg,ry greatly from time to time may be a 
refection of,the {ieTd patterns of the various cables. These data 
are summarized in,Ta,bleEi";5. The average time-varying field levels 
at' the, locations 2,meas,t'and, 2 m west of the presumed cable 
location are typically : about,. equal but, larger than those at the 
more distant6m, location., Tliere:~9re, the buried feeder cables 

'appear to be the'sciur'ce of a. substantial part of the field levels 
rep~rted in this table . ", - , . , , '" 

The data in Figure '6-:-12 show ~ielcl.levels measuredat;ground level 
at1 m increments ea~st Of ,the high 'steerg~uid:e~ay a.t",a, J.()cation 
presumed to cross the'feeder cable to the south loop. Available 
information indicates 'that the cable,is buried approximateJy3,.5 m 
east of the guideway centerline. The data 'reported in,Figure 6::-12 
were recorded with the TR07 vehicle parked in the maintenance 
facility and represent background levels fro~ tither 'sources. 

The second data set measured 1 meter above ground over the presumed 
cable location beneath the high steel guideway is reported in 
Figure 6-13. The higher field levels which occur as the overhead 
guideway is energized and the vehicle passes are clearly evident~ 
The TR07 vehicle is south of the measurement point between the 
first and second vehicle passes (220 to 380 seconds) and after the 
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third pass (after 700 seconds). For the majority of the time when 
the vehicle 1.S south of the measurement point, there is no 
indication of magnetic field from a buried cable. However, for 
short periods of time just before the vehicle returns to the 
measure~ent point, time-varying fields of approximately 2 or 3 rnG 
were detected centered on a point approximately 2 m ~ast of the 
guideway. These may w~ll be the fields of the cable. Nothing else 
was detected. 

The summary data for this data set are given in Table 6-6. Both 
the minimum and average time-varying magnetic fields in each 
frequency band show a slight increase at or near the middle probe 
location suggesting some influence from the buried cable. Of 
course, the maximum field values do not reflect the effect of the 
cable because the stronger field present as the vehicle passes 
completely masks the weak field of the cable. 
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7.0 CONCLUSIONS 

sections 3 through 6 of this report present the results of the 
analysis of extensive magnetic field data measured within the 
Transrapid TR07 vehicle, along the guideway, at the passenger 
station, and in the vicinity of· the power supply equipment used to 
operate the system. As described in those sections, the magnetic 
fields at all of the aforesaid locations have complex frequency 
spectra and are highly variable over time. These characteristics 
of the magnetic fields in the TR07 vehicle and near associated 
equipment differ from those· of the magnetic fields produced by 
electric power lines where the fields are predominantly 50 or 60 Hz . 
and somewhat more temporally stable. This section of the report 
will compare and contrast the magnetic fields of the Transrapid 
System to those of other magnetic field sources common in the 
environment and to various ELF magnetic field standards. 

7.1 Summary of Transrapid Field Levels 

Passenger Compartments. The time-varying magnetic fields "in the 
passenger compartments of the TR07 vehicle that are in the 
frequency range from 2.5 Hz to over 2 kHz were highly variable over 
time. The average field levels ranged from approximately 100 mG 
near the. floor of the vehicle to approximately 20 mG at standing 

"head level. Aside from the strong height dependance, the magnetic 
field levels were not strongly dependant on the location within the 
passenger compartment. The standard deviation of the magnetic 
field intensity over time was typically 40% of the mean value but 
maximum values at any height above the floor were often two and one 
half times the average levels. Typically, 70 to 80 percent of the 
tlme-varyingmagnetic fields"were at frequencies below 47.5 Hz. 

The static magnetic field level within the passenger compartments 
was dominated by the geomagnetic field at standing head level but 
resulted mainly from the vehicle near the floor. Fields in between 
were a varying mixture of fields from those sources. Average 
static magnetic field level (including the geomagnetic field of 
approximately 500 mG) near the floor was 835 mGand reduced to 
approximately 500 mG at standing head level. static fields were 
more spatially variable but slightly more stable over time than the 
ELF fields. More extensive summary data for the field levels in 
the engineer's compartment and the passenger compartment are in 
Table 3-2. 

The static and ELF magnetic field environment in the engineer's 
compartment is similar to that in the passenger compartment except 
there is less reduction in field intensity with increasing height 
above the floor. While the floor level field strengths are similar 
in both compartments, the field strength at other heights above the 
floor tend to be higher in the engineer's compartment. This 
difference is most pronounced at head level where the average time
varying magnetic field level in the engineer's compartment is about 
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two and one half times greater than the average head level field in 
the passenger compartment. static magnetic fields are also higher 
in the engineer's compartment than in the passenger compartment, 
but to a lesser extent. More extensive summary data for the 
engineer's compartment are in Table· 3-5. 

Near the Guideway. Elevated magnetic field levels only exist near 
the guideway for very brief periods of time when the guideway is 
energized and the vehicle is passing by. The maximum time-varying 
magnetic field levels within three meters of the centerline of the 
guideway are comparable to average field levels onboard the vehicle 
(65 to 95 mG) but occur for only a -brief period of time. The 
higher fields are found near the low guideway because of its nearer 
proximi ty. At 10 m from centerline of the guideway, guideway 
height is less a factor in field level and the maximum time-varying 
magnetic field levels have fallen to approximately 20 mG. Like the 
fields onboard.the vehicle., the magnetic fields along the guideway 
have a complex frequency spectrum with the largest field at 
frequencies below 47.5 Hz. Unless the TR07 vehicle stops and 
levitates, the system does not produce a static field near the 
guideway. 

Passenger station. Magnetic field levels at the passenger station 
are similar in nature to those along the guideway. Time-varying 
field levels at the near edge of the loading platform approach 300 
mG as a vehicle passes by but people are not permitted on the 
platform while the vehicle is moving. Within the waiting area of 
the station, the maximum time-varying magnetic field produced by a 
passing vehicle on the energized guideway is approximately 20 mG. 
Like other locations along the guideway, the. magnetic field is 
predominantly low frequency components below 47.5 Hz and occurs f,or 
only brief ins.tances as the vehicle passes on the energized 
guideway near power equipment. 

Magnetic fields near power equipment have different frequency and 
time characteristics than those onboard the TR07 vehicle or'along 
the guideway. Furthermore, field characteristics near one piece or 
group of equipment differ from those near another. Although the 
time-varying magnetic fields near the principa'l pieces of equipment 
have very complex frequency- and temporal characteristics, the 
average field intensities are generally below approximately 2 mG. 
The significant exception to that trend is the eleva,ted field 
levels near the inverter building (approximately 20 mG at 5 m 
dist~nce). Since this entire area is fenced with limited personnel 
access, frequent human exposure to magnetic fields from the power 
supply equipment is unlikely. 

Feeder cables are the only maj or component of the power supply 
system which may be outside controlled areas. All of the attempts 
to measure the magnetic fields above these cables were complicated 
by the small fields from the cable in comparison to fields from 
other nearby sources~ Although this situation made measurement of 
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the cabl~ fields somewhat imprecise, the data shdw that the time
varying magnetic field over the cables was less than 2 mG and 
attenuated quickly with distance from the cable. 

The power supply equipment had no measurable effect on the static 
magnetic field other than passive perturbation of the field due to 
ferromagnetlc material used in construction of structures' and 
equipment. 

A more complete summary of the magnetic field levels near the power 
supply equipment is provided in Tables 6-2 through 6-6. 

7.2 Environmental Magnetic Field Levels 

The predominant source of static field in the environment is the 
earth I s geomagnetic field. The unperturbed geomagnetic field 
intensity varies over the surface of' the earth from roughly 350 mG 
to 660 mG. The geomagnetic field level of 500 mG measured at 
Emsland, Germany is typical of unperturbed mid-latitude geomagnetic 
field levels. The presence of iron and. steel components in 
buildings, vehicles, and structures perturbs the geomagnetic field 
in the vicinity of those objects making the geomagnetic field 
intensities routinely encountered by people so~ewhat more v~riable. 
Field levels ranging from 200 mG to 1000 mG are frequently found. 

Permanent magnets alsb represent ·locialized sources of high 
intensity static magnetic fields. A child's 'toy magnet may have a 
flux density of several hundred to a few ihousand gauss at its 
pole. Ferr i te permanent magnets imbedded in . seals and 
weatherstrips around refrigerator doorsand,home or office doors 
and windows are often frequent;1y encountered providing static 
fields of a few gauss at the portal.' . 

The overwhelmingly predominant source of ELF magnetic fields in the 
environment is the 50 or 60 Hz magnetic field produced by virtually 
all equipment or facilities which generate, distribute, or utilize 
electric power. Due to the electrification of our modern society, 
power frequency (60 Hz in North America,' 5'0 Hz in Europe and many 
other places) magnetic fields are ubiquitous. Numerous authors 
h~ve reported ~nyir0!1ment~l' level~ of powfr fr~quency magnetic 
f1elds for spec1f1c s1tuat10ns. Na1r, et al prov1des a summary of 
that information as well as useful insight, into the parameters 
which affect power frequency magnetic fields. Figure 7-1 shows the 
range of power frequency magnetic field levels which:may be found 
at various distances from three important sources of magnetic 
field. 

Power frequency magnetic fields in American homes arise primarily 
from three sources: outdoor power lines; house wiring; and 
household appliances. Field levels for power lines and appliances 
are summarized on Figure 7-1. Field levels from house wiring 
differ greatly from home to home. The total power frequency 
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magnetic fields in homes is typically about 0.7 mG6
,7 at the center 

of each room but can vary substantially from room-to-room or home
to-home. Magnetic field levels in excess of 10 mG at the center of 
a room are atypical but not terribly uncommon. 

Power frequency magnetic field levels in the workplace are highly 
variable. In offices and most commercial establishments, the power 
frequency magnetic field e~vironment is similar to or somewhat 
higher than that in homes. But in certain industrial setting~, 
considerably higher ELF magnetic field levels are encountered. 
Unfortunately, field characterization in the workplace is limited 
to a small number of measurements which lack validity as indicators 
of "typical" or "overall" estimators of workplace magnetic field 
levels. 

These common environmental sources of ELF magnetic field are 
predominantly pqwer-frequency field sources. Magnetic fields near 
power line and SUbstations may have low order harmonic components, 
but .these are generally onfy a small percentage of the fundamental 
power frequency component. The harmonic content of residential 
and most workplace magnetic fields is also generally quite low, but 
on occasion can become a significant part of the total field. High 
harmonic content appears most frequently in magnetic fields near 

.appliances containing non-linear electrical load control devices. 
Figure 7-2 shows a field by frequency and ti.me plot for the 
magnetic field prod:uced by a triac-controlled vacuum cleaner. 
Although the harmonic content is relat-iv'ely large, only the lower 
order· harmonics have significant amplitude. Essentially no energy 
is present at frequencies below the power frequency. This is 
characteristic of the magnetic fields produced by many appliances 
with electr6nic control~. . . 

Televisions and computer video display units which make use of 
magnetic deflection are the most commonly encountered source of ELF 
magnetic fields at frequencies other than the power frequency. 
vertical deflection frequencies.for these devices are generally in 
the 55 to 75 Hz range; however, the magneti6 fi~lds are rich in 
harmonics. Horizontal deflection frequencies and their associated 
fields are well above th~ ELF range. 

Other significant sources of non-power-frequency ELF magnetic 
fields are headphones and telephone receivers which produce 
relatively intense voice-frequency magnetic fields in the vicinity 
of the user's ear .. Hbwever, thes~ fields attenuate quickly with 
distance from the earpiece. Certain pieces of industrial and 
medical equipments also produce relatively large ELF magnetic 
fields at frequencies other than 50 or 60 Hz, but they are not 
frequently encountered by the general public .. 
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7.3 Comparisono'f Transrapid Fields to Other Environmental 
Magnetic Fields 

Much of the concern"about ELF magnetic field 'levels is driven by 
uncertainty as to whether such fields exert an adverse effect on 
human health. By the very nature of that uncertainty, existing 
scientifickno!ledge provide~ no sound insight.as t~ what aspec~s 
of ELF magnet1c exposure, 1f any, are of b10log1cal concern. 
Consequently, public acceptance of magnetic field exposures is 
presently based more on equity and comparability to other exposures 
than it is to quantifiable characteristics of the field itself. It 
is in that light that this section compares and contrasts the 
magnetic fields produced by the Transrapid TR07 System to other 
environmental magnetic fields. 

static Fields 

The static fields encountered onboard the TR07 vehicle (mean 
values from 500 to 1000 ~G) are generally within the range of 

. static fields'encountered daily in the perturbed geomagnetic 
field (250 to 1000 mG). The peak values ericountered near the 
floo~ of the vehicle are comparable to those near a 
refrigerator which is equipped with a magnetic door seal. The 
magnitude of the static field onboard the TR07 vehicle has 
substantial temporal variability. Sizeable changes in static 
field intensity occur more frequently and more rapidly than do 

. most changes in' the geomagnetic field ." which result from 
walking past a perturbing steel object such ~s a steel· column 
or beam.' 

static field conditions at the station, along the guideway, or 
near power supply equipment are essentially all geomagnetic 
fields with no significant contribution from active operation 
dfthe TR07 .~ystem. . 

Field Frequency 

The frequency characteristics of the time-varying magnetic 
fields bnboard the TR07 vehicle, at the station, near the 
guideway, and near the.power supply are unique ·from those that 
'have been measured to date. anywhere else in the environment. 
There are no compelling scientific data available which 
demonstrate that field frequency is a significant parameter in 
adverse effects of ELF magnetic field expos~re on human health 
or how that parameter should be evaluated. However, there 
are a number of proposed mechanisms of interaction and a 
variety of experimental studies which suggest that frequency 
characteristics of the magnetic-field are equally important as 
intensity parameters for eliciting a biological response. 
Consequently, a comparison of fields from various sources 
should include a comparison of frequency characteristics. 
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The magnetic fields onboard or near the TR07 System generally 
have their largest components at frequencies below the power 
frequency; a frequency range where other'col1'lIllon'field sources 
produce little or no magnetic fields. Un~~ubtedli, ,there are 
industrial or scientific facilities which ,produce' magnetic, 
fields in these subpowe-r frequency ranges but" there are no 
data currently avail~ble for comparison~ 

The fields produced by the TR07 in ~he-power frequency range 
are generally a small portion of the overall field while the 
converse is true for most environmental fields. The· notable. 
exception is near the transformer yard where - the power 
frequency field predominates. Onboard the TR07 vehicle and 
along the guideway, the field varies in frequency within the 
power frequency band of 47.5 to 62.5 Hz while for other common' 
sources, the frequency is stable at 50 Hz or 60 Hz. 

The magnetic fields produced by the TR07 propulsion system in 
the freq~ency range of 62.5 Hz to 302.5 'Hz are in terms of 
frequency comparable to ,environmental magnetic fields produced 
by harmonic distortion in the power frequency electric currerit ' 
in wiring and appliances. Again, there .is the difference that 
the frequency of the TR07 System is more continuously variable 
throughout the frequency range than the .discrete harmonic 
steps of most environmental fields. 

The higher frequency magnetic fields produced by the TR07 
system at frequencies well above 300 Hz are for purposes of 
comparison to environmental fields lik,e those below the power 
frequency. Very little data are available on environmental 
magnetic fields in the frequency range above 300 Hz. 

Time Characteristics 

The magnetic fields produced by the TR07 System are highly 
variable over time, especially at the station and along the 
guideway. Most other sources of environmental, ELF magnetic 
fields tend to be more stable in frequency and intensity over 
time. To date, characterization of, intermittent fields near 
appliances and industrial ,equipment is very limited, 
consequently there does not exist a data base against which 
the temporal fluctuations of the TR07 fields can be compared. 

Although the intermittency of magnetic. fields has been 
suggested as a factor of possible bio'logical significance, 
experimental data supporting that suggestion is ,rather 
limited. 

Amplitude Characteristics 

Notwithstanding the aforementionedne~d to compare the 
temporal and frequency characteristics of various ELF magnetic 
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fields, this sUbsection will compare the measured field levels 
onboardand near Transrapid TR07 facilities· to reported 
environmental field levels from various power frequency 
sources. 'The lack of comparable environmental field data in 
several of the frequency bands makes any other approach 
unworkable. The reader must be aware that the comparison of 
the total ELF fields of the TR07 System to the predominantly
power frequency environmental field levels currently reported 
in the literature is an ilapples and oranges" comparison 
because frequency and temporal. characteristics have been 
ignored in this comparison. 

Passenger Compartment 

Figure 7-3 shows the range of total time-varying magnetic 
fields measured in the _ passenger compartment of the TR07 
vehicle as a function of height above the floor (from Table 3-
2 or Figure 3-15) plotted o~er the graph of_ typical power line 
and appliance field levels reported in Figure 7-1. As the 
graph illustrates, - the intensity of the ELF magnetic f.ield 
within the vehicle fails well within the range of magnetic 
fields near appliances but attenuates less rapidly. The TR07 
field levels are well above those typically found in homes or 
offices at locations away from appliances but within the range 
of magnetic fields found in the vicinity of larger electric 
power transmission lines. 

Engineer's Compartment 

Figure 7-4 shows the range of t.otal time-varying magnetic 
fields recorded in the engineer's compartment as a function of 
height above the floor (from Table 3-5 or Figure 3-24). As in 
the preceding figure, these data are plotted over the graph of 
typical- power frequency field levels given in Figure 7-1. 
Again, the engineer's compartment field levels are comparable 
to those near appliances or larger transmission lines but 
greater than those in most homes and offices. The fields in 
the engineer I s compartment are. not outside the range of fields 
encountered in other specialized workplaces. 

Near the Guideway 

Power frequency magnetic fields at various distances from the 
guideway (taken from Tables 4-2 to 4-4) are plotted over the 
attenuation curves for power frequency magnetic fields from 
other common sources in Figure 7-5. As described above, the 
field levels near the guideway vary greatly with time. 
Maximum fields which occur for brief periods when the guideway 
is energized and the vehicle is passing by are comparable in 
intensity to the power frequency magnetic fields near larger 
transmission lines, but these fields do not extend as far from 
centerline as do transmission line fields. 
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Magnetic fields from the guideway undoubtedly extend beyond 
ten meters where the most distant measurement was taken . 

. Expected·. maximum values beyond the 10 meter point are 
indicated as a dashed line. The maj or i ty of the time, the 
guideway is not energized and the magnetic fields are well 

- .Jess than those in most homes or near typical electric 
distri~ution lines. The minimum field levels measured near 
the guideway are background fields from sources other than the 
guideway. The actual minimum field from the guideway is well 
less than the minimum level depicted on Figure 7-5. 

Passenger station Platform 

The range of time-varying magnetic fields measured at the 
passenger station (Table 5-1) is shown in relationship to the 
power frequency magnetic fields from other sources on Figure 
7-6. Since fields are only present as the vehicle passes, the 
maximum field shows attenuation characteristics simi lar to 
those near the guideway. other times, the minimum field is 
very small and arises from sources other than the guideway. 
Since field measurements were only taken at two locations, 
only the hatched portion of the curve representing station 
-field levels is documented. Expected minimum field levels 
beyond that range, indicated by dashed lines, are projected 
based on floor lev~l fi~lds within the vehicle and 
extrapolation bas~~ on the established field attenuation 
patt.ern away -from the guideway~ .- As with the peak fields at 
_other locations along the guideway, the magnetic fields at the 
passenger ~tation platfor~ are· comparable to those near an 
electric transmission line but occur for only brief periods of 
time and do not extend as far from centerline of the facility. 

Transformer Yard 

The range of total time~varying magnetic fields at various 
distances from the edge of the transfo~me~ yard tak~n fro~ 
Table 6-2 is plotted over typical attenuation curves for power 
frequency magnetic fields· from common sources in Figcire 7-7. 
As discussed in section· 6, it is suspected that on some 
occasions, the measur~d magnetic field near-the transformer 
yard was corrupted by strong magnetic fields from other 
sources. Hence, the maximum field levels may be a poor 
indicator of overall field attenuation characteristics. 
Consequently, the mean values of the transformer yard data at 
each measurement point are plotted and are believed to provide 
a better indication of the overall field attenuation-patter~~ 
As Figure 7-7 indicates, the magnetic field levels near the 
transformer yard are of similar magnitude or less than the 
power frequency magnetic fields of other electrical facilities 
such as distribution lines at comparable distances. At 10 m 
from the transformer yard, the ELF magnetic field level is of 
the same magnitude as the power frequency magnetic field in 
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typical American homes. Measurements were not made beyond 10 
m from the yard, but extrapolation of the indicated 
attenuation pattern suggests that the field level from the 
transf6rmer yard will attenuata at least as.rapidlY,as tbat 
indicated for distribution lines. 

Braking Resistors 

Data for time-varying magrie~ic fields near the braking 
'. resistor yard from Table 6-3:are comp~red to power frequency 

magnetic fields from common ::;,our,ces in Figure 7-8. The field 
levels 'are highly variable depending on whether the TR07 
vehicle is using its dynamic braking capability. The 
magnitude· of magnetic fields - near~~he resistor banks is 

, generally equal or less than the. magnitude o.fpower frequency 
magnetic 'fields found at comparable: ' distances from 

. distribution lines. The maximum magnetic field appears to 
increase with great~r distance from the resistor banks but 
that isa. result. of data corrupted.by,occasional-high levels 
of magnetic field's from ,a vehicle, passing on - the nearby 
guideway. The mean values of the field- provide a better 
indic~tibn of the overall field attenuation rate because they 
are cinly minimally affected by occasional: fields from other 

. -sources. Extrapolation of the resistor bank data to distances 
"-greater than .10 m ;indicates that.the resistor bank magnetic 
fi~lds will remain equal to or weaker than the power frequency 

• "magnetic fields' from distribution lines at comparable 
distances. 

Inverter Buildinci: 

Magn~ticfi~lddata m~asured near the, inverter building and 
reported in Taple 6-4 are compared to power frequency magnetic 
fields from othei'~o~rces in Figure 7~g ~sing the same format 

-used for the earlier'co-mparisons~Extrapolation of the field 
levels outside the' range of measuremeriis. is probably 
unreliable in this case for a variety~ of ' reasons. 
Nevertheless, the 'comparison indicates that the-magnitude of 
the time-yarying magnetic field l~vels outside the inverter 
building are in the rangeofcintensities of power f~equency 
magnetic fields at.~omparable distances from major electric 

,-~ower facilities~ . 

underground Feeder Cables 

The measuiementsof the rel~itive'ly,weak time-varyi'ng magnetic 
fields above the buried feeder cables were complicated by the 
presence of large magnetic fields from other _, sources.' 
consequently, the summary field data in Tables 6.;..4 an,d 6-:-5 
provide only an upper bound for cable field levels~ The data 
from summary Table 6-4 are plotted in Figure 7-10 for 
comparison to power frequency magnetic fields from more common 
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sources. Bearing in mind that these data only represent an 
upper bound of the. actual cable fields, one concludes that the 
intensity of the magnetic fields above the feeder cables are 
certainly no higher than the magnetic fields of a common 
overhead distribution line. 

Another way to summarize the. comparison of Maglev magnetic fields 
to those of other environments is given in the following tables. 
In an attempt to aid the non-expert in interpreting the data, the 
magnetic field data is listed in terms of minimum, maximum, and 
averages of the data sets.. For the present, the frequency 
partitioned in the 50-60 Hz band and for the 5 to 2560 Hz band will 
be the most useful in making comparisons to previous measurements 
of other electro~technologies. static fields can be compared to 
the range of geomagnetic fields and anecdotal data from various 
investigators including the authors on variances noted within 
commercial buildings. 

Recognizing the need to make the best judgments with the 
information in hand, the following tables have a final column which 
makes a crude comparison to other environments. The sources of the 
data sets are referenced in this report. since the report is 
concerned with a technology which the general public will utilize 

"for only small fractions of a day, the comparison is made to common 
environments known to routinely contain similar magnetic fields. 
The comparison is crude because not all individuals .will 
necessarily be equally exposed in these other environments. Noting 
these limitations, we have used the following generalizations: 

Homes 

Worksites 

No Data 

Magnetic flux densities of up to 50 milligauss in 
the power frequency band are routinely found near 
appliances which are used each day. static fields 
vary modestly from geomagnetic ambient depending on 
proximity to furniture and fixtures containing 
ferromagnetic material. 

Magnetic flux densities in excess of 500 milligauss 
in the power frequency band are routinely found 
near ~lectrical equipment and electrical hand 
tools. Static £ields vary significantly depending 
on building construction and industrial processes. 

The bulk of the data used to quantify these 
environments was collected by instruments that were 
limited in frequency bandwidth to either 50 to 60 
Hz, 50 to 300 Hz, or 40 to 1000 Hz and which 
reported a single resultant value over this range. 
Therefore, the tables show No Data for the 5to 45 
Hz band and the 300 to 2560 Hz band. Very limited 
data exists in the 65 to 300 Hz band but the 
reporting is. not sufficient to project an estimate. 
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In the following tabulations, the data are presented by general 
regions where classes of exposure might be of specific interest. 
They are: 

Onboa~d Passenger Areas Table 7-1 

Onboard Engineer's Area Table 7-2 

Near Guideway Table 7-3 

Passenger station Table 7-4 

outside Transformer Yard Table 7-5 

Near Feeder Cables Table 7-6 

7.4 Comparison of Transrapid Fields to Existing standards 

The united states has no national standards which establish limits 
on the intensity of ELF magnetic fields, however Germany has. 
There are two guidelines established by international organizations 
and one established by a domestic professional trade organization. 
Furthermore, there are two state level standards limiting ELF 

'magnetic fields, however, they presently apply only to electric 
power lines and sUbstations. This sUbsection of the report will 
compare the magnetic field levels onboard the TR07 vehicle .or near 
related facilities to'the .field levels permitted ,under the above 
mentioned standards. 

World Health Organization 

Thf World Health Organization's Environmental Health criteria 
69 addresses ELF magnetic· fields. The document concludes 
that available scientif ic knowledge does not permit 
establishment of a definitive limit for static or time~varying 
magnetic fields. The document indicates that adverse human 
health effects are unlikely at static field levels less than 
2 T (20,000 gauss) or with time-varying magnet}c fields which 
induce current densities of less than 10 mAim within tissue 
or extracellular fluids .. Based on available scaling data fo~ 
magnetically induced currents in the human body, the 10 mAim 
threshold is reached at power frequency field levels of 
approximately 10 Gauss. since the criterion is· based on 
induced current, the permissible time-varying field level is 
inversely proportional to frequency. Since the TR07 fields 
are predominantly. low frequency fields, the onboard field 
levels are at least two orders of magnitude less than the 
World Health Organization criterion on time-varying magnetic 
fields. An even greater margin of compliance is found for 
static magnetic fields and time-varying magnetic fields at 
othe~ locations.·~ -
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International Radiation Protection Association 

The International. Non-Ionizing Radiation Committee (INIRC) of 
the International Radi~ti<?n prc;)1tt~c~ionAssoc~a.ti()n, (I~PA) has 
developed an interim standard limiting human exposure to 
power frequency (50/60 Hz electric and magnetic fielqs). The 
established magnetic field limit for 24 hours per day of the 
general public is 1 gauss. Short term exposures of up to a 
few hours per day are permitted to 10 gauss.. Permi tted 
occupational exposure levels are five times that permitted for 
the general public. The one gauss ~ontinuous e~posure limit 
is more th~n ten times above the aver~ge'floor level time
varying magnetic fields within the. vehicle. Magnetic field 
levels near related facilities are generally weaker hence have 
an even greater margin of compliance. 

The numerical field limits in the IRPA standard apply 
explicitly to power frequency magnetic fields. However, the 
text of the standard clearly demonstrates that the standard is 
based on induced current concerns. Hence, acceptable field 
limits at frequencies other than 50· or 60 Hz would be related 
to the 50/60 Hz threshold by the ratio of the power frequency 
to the frequency of the magnetic field. For the predominantly 
low frequency magnetic fields generally produced by,' the TR07 
System, the margin of compliance with the standard would ~e 
greater if the implied frequency correction was made. The 
clear exception to that generalization is the predominantly" 
high freq~ency fields ne~r the tran~former 'yard and resistor 
banks. But since the magnetic field is solow near the~e 
equipment, compliance would still exceed a ten-fold margin if 
the implied frequency correction was made. ' . 

German standard DIN VDE0848 

The German Electro-Technical commission Standard DIN VDE 0848, 
Part 4 establishes limits for time-varying magnetic field 
strength in the frequency range from 2 Hz to 30 kHz. It is 
intended • to protect people from direct adverse effects of 
field exposure .. Appropriate limits for static fields, ti~e
varying fields less than" 2 Hz and for indirect effect (e.g. 
currents 'or:voltages induced i~ other' objects} are ~till in 
preparation. 

The standard establishes limits on both RMSand peak field 
strength which are frequency dependant. The maximum RMS flux 
density f0t: continuous whole body 'exposure. is: 

270 

fo.4324 
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The corresponding numerical value at the 50 Hz power frequency 
is 50 gauss. Maximum permitted peak field levels are 50% 
greater than the RMS limits. Intermittent whole body exposure 
(up to five minutes per hour) may be 50% greater than the 
continuous exposure limits. 

The standard addresses magnetic fields at one or more discrete 
frequencies and provides a method for summing field components 
at multiple discrete frequencies. Unfortunately, it does not 
address the broadband field components which do not. occur at 
specific definable frequencies. 

The fields onboard the TR07 vehicle or in the vicinity of 
associated facilities will certainly be in compliance with the 
standard regardless of the method used to treat the broadband 
frequency characteristics of the field. The margin of 
compliance will be on the order of 100 to one or more. 

American Conference of Governmental Industrial Hygienists 

The American Conference of Governmental Industrial Hygienists 
(ACGIH) has established a "~presholdlimit value" for 60 Hz 
magnetic fields at 100 gauss . The document recommends that 
routine occupational exposures should not exceed the 100 gauss 
value but states that the valu~ is to be used as a guide, not 
a strict determination of safe and unsafe levels. This 
criterion is considerably less restrictive than those of the 
WHO and IRPA. Consequently, the fields associated with the 

. TR07 System comply with the standard with a 1000 to 1 margin. 

state Powerline Limits 

• . 13 14 
The states of Florlda and New York have adopted standards . 
specifically limiting the intensity of the power frequency 
magnetic fields at the boundaries of transmission lines I 
rights-of-way or substation property lines to values from 150 
mG to 250 mG depending on the type of transmission line. Both 
standards are established on a "status quo" basis rather than 
a health or safety basis. Although neither apply to 
transportation systems, they do provide some guidance as to 
the levels of magnetic fields which have been judged tolerable 
at the boundaries of linear facilities which are in that 
respect similar to a Maglev guideway. The maximum magnetic 
field levels measured near the TR07 guideway was less than 100 
mG, or approximately two thirds of the field value permitted 
at the edge of transmission line rights-of-way in Florida and 
New York. 
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