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EXECUTIVE SUMMARY

In order to characterize ambient background magnetic-field fluctuations, static field 

measurements were performed at 22 locations on the University of Maryland (UMD) campus 

from July 15-17, 2008.  Measurement sites were selected by UMD personnel to be in or near 

buildings where existing or current research might be impacted by magnetic fields from the 

proposed Purple Line light-rail system through the campus.  Measurements were conducted at 5 

indoor and 17 outdoor sites. Ninety minutes of data were collected at most sites. This report 

describes the results of those measurements and their implications for assessment of impacts on 

the magnetic field environment from the proposed light-rail system. 

Background magnetic-field fluctuations were characterized as short-term, lasting from a few to 

tens of seconds, and instantaneous, occurring in less than a second.  The proposed light-rail 

system would also contribute short-term magnetic-field variation to the environment along the 

route. The short-term variations in the magnetic field from the proposed light-rail system are of 

concern for interference with susceptible instruments, such as electron microscopes and magnetic 

resonance spectrometers.  The exact levels of the magnetic field from the light rail system cannot 

be estimated until its design and operating characteristics are known.  However, the background 

short-term fluctuations establish bases for comparing with predicted fields from the train (when 

available) and for assessing impact from those fields. 
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The estimated short-term ambient field fluctuations at 18 building or outdoor locations are 

shown in Table 1, where the results from multiple sites at a building have been combined. 

Measurements indicated that the fluctuations at a site ranged from 0.05 to 2.0 mG peak-to peak 

(p-p) with a median of 0.15 mG p-p across all sites. The level of short-term fluctuations varied 

between sites, with the lowest level at a site near Ludwig Field and the highest level at a site 

adjacent to H. J. Patterson Hall which was near a bus turnout on Campus Drive.  Generally, the 

highest background fluctuation levels occurred at sites near heavily traveled Campus Drive.  At 

these locations movement of large vehicles perturbs the geomagnetic field and causes 

fluctuations at nearby locations.  Instantaneous variations ranged from 0.02 to 0.50 mG p-p with 

median of 0.05 mG p-p.

Most building locations (15 of 18) had fluctuations levels of 0.2 mG or less.  These levels 

represent a quiet magnetic field environment compatible with installation of most susceptible 

research instruments.  However, proposed locations for susceptible instruments must be 

individually evaluated for a multitude of environmental factors prior to installation.  The most 

sensitive instruments to magnetic field fluctuations have  siting specifications of 0.1 – 0.2 mG 

p-p and might require local mitigation, such as field cancellation, to minimize the existing 

magnetic-field fluctuations.  Instrumentation with less stringent magnetic-field siting criteria (> 

0.2 mG) may not require such mitigation in the existing magnetic field environments. 

A light-rail system with a typical unmodified electrical traction propulsion system can produce 

magnetic field fluctuations exceeding the typical background levels at the University of 

Maryland for distances of many hundreds of feet from the tracks.  Such an area on campus 

includes many buildings along both proposed routes where research facilities exist or are 

planned.  The extent of the affected area and the potential for interference with research 

instruments will depend on the electrical design, physical design and operating characteristics of 

the light-rail system. The same factors will determine the potential for interference if a field-

reduction scheme is incorporated into the light-rail design. 

Passage of a train or other large vehicle containing ferromagnetic material perturbs the local 

magnetic field.  Fluctuations due to this perturbation cannot be mitigated and based on 
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measurements of comparable light-rail vehicles, may exceed 0.1 and 0.2 mG background levels 

out to approximately 300 and 200 feet, respectively. 

Table 1:  Current Magnetic Field Fluctuation Levels by Location on University of Maryland 
College Park Campus. Current levels are maximum peak-to-peak fluctuation in milligauss (mG) 
based on the measurements of existing background fields.

Site Building
Current 

Level, mG

Distance to Alignment*, ft

Preinkert/Chapel 
Drive

Campus Drive

1, 2, 3 Marie Mount Hall 0.1 35 690

4 G. L. Martin Hall 0.15 980 410

5 Mathematics Bldg. 0.3 970 340

6 Physics Building  0.2 950 240

7 Geology Building 0.25 1130 130

8 A. V. Williams Bldg. 0.2 1660 1370

9a, b Cyclotron Bldg. 
(Physics)

0.1
1130 440

10 Chemistry Bldg. 0.2 1320 620

11 Plant Sciences Bldg. 0.15 1300 390

12 Microbiology Bldg. 0.2 1290 90

13 Biology-Psychology 
Bldg. 

0.15
1490 370

14 Patuxent Building 1.5 1540 380

15 Physical Sciences 
Building site 

0.2
1840 1000

16, 17 Kim Building 0.15 1740 1260

18 Lefrak Hall 0.2 25 1320

19 H. J. Patterson Hall 2.0 930 50

20 Chapel Field 0.1 240 780

21 Ludwig Field 0.05 980 70

* Approximate distance from nearest track to nearest wall of building. 
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1.0 INTRODUCTION

The Maryland Transit Administration proposes to build a light-rail system in Maryland along a 

route passing through the campus of the University of Maryland (UMD) in College Park, MD. 

The proposed light-rail Purple Line will pass near several existing and proposed buildings where 

facilities susceptible to changes in magnetic field and vibration are, or will be, housed.  The 

purpose of the measurements described here was to characterize the background level of 

variation in static magnetic fields at several locations on the UMD campus. 

Operation of a light-rail system produces fields that add vectorially to the geomagnetic and other 

existing magnetic fields.  Information on existing background field variation is useful for 

establishing field criteria for research spaces and developing magnetic-field mitigation strategies. 

High-resolution 0.01 milligauss (mG) [0.01 mG = 1 nanotesla (nT)] static magnetic field 

measurements were made at 22 locations on the UMD campus.  These measurements are 

described here and compared to thresholds for interference with selected laboratory and research 

instruments. 

2.0 METHODS

2.1  Instrumentation

Magnetic fields were measured and recorded with two MEDA Model FVM-400 Vector 

Magnetometers (Macintyre Electronic Design Associates, Inc., Dulles, VA).  This handheld 

magnetometer employs a separate three-axis fluxgate sensor with a sensitivity of 0.01 mG 

(1 nT).  The magnetometer measures the magnetic field sensed in each of the three perpendicular 

directions and combines them to produce the total (or resultant) field.  The resultant geomagnetic 

field on the campus is approximately 550 mG or 0.55 G.  Each instrument was calibrated by the 

manufacturer within the last six months.  A portable field generating coil was used to verify 

response of the magnetometers to a known magnetic field prior to deployment for measurements. 

Two data acquisition systems were used to record data.  At locations where electrical power was 

readily available magnetic field data were recorded with a laptop personal computer (PC) using 
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the FVM software provided by the magnetometer manufacturer.  In instances where battery 

operation was required, data were processed with a battery-powered single-board computer and 

stored on a USB memory stick.  Communication with the battery powered magnetometer and 

data logging system was via a wireless communication link from a PC.  

Both systems recorded the measured magnetic field at 0.1-second intervals.  The use of this 

sampling interval was based on previous experience of using the fasted sampling rate (10 

samples/second) allowed by the manufacturer's software.  However, the MEDA instrument does 

not update its storage buffer at this rate when recording to a remote computer.  Instead the 

maximum rate for this mode of operation is about 2.5 times per second.  Consequently, every 

fourth recorded measurement was selected to yield a 0.4-second interval for analyses. 

The fluxgate sensor was connected to the magnetometer with a 2-meter cable.  Depending on 

location the sensor was placed on a work surface or on the ground in a small foam-filled plastic 

box to minimize rapid changes in temperature and vibration.  To the extent practical, the probe 

was aligned with the x-axis in the north-south direction and with the y-axis in the east-west 

direction. The z-axis of the probe was vertical.

2.2  Measurement locations

Buildings and general locations where static field measurements were deemed desirable were 

provided by UMD personnel.  Locations were often selected based on the possibility of sensitive 

research instruments being present in or planned for the nearby building.  Specific measurement 

sites were selected by the investigators taking into account the presence of vehicular traffic, foot 

traffic and security.  If practical, the site was selected at the outside building wall closest to the 

nearest proposed light-rail alignment.  The measurement locations are described briefly in Table 

2 and shown in photographs and sketches in Appendices A and B, respectively.

2.3  Data collection

The static magnetic field measurements were conducted at 22 locations over three days from 

Tuesday, July 15 to Thursday, July 17, 2008 by T. Dan Bracken and Russell S. Senior.  Often 

two measurement systems were deployed simultaneously.  Measurements were collected at 17 
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outdoor and five indoor campus locations.  Data were collected for sampling periods from 19 to 

98 minutes, with most periods lasting about 90 minutes. 

Measurement locations were visited between 8 am and 6 pm.  These observations provide an 

indication of what could be expected at the various locations during daytime hours, when field 

variation is usually the highest.  Generally fields are less variable during early morning hours 

when human activity is reduced both indoors and out.  The locations and times of data collection 

are listed in Table 2.  Measurement locations are shown on a campus map in Figure 1.

The total and component magnetic-field data were recorded in ASCII format with a Greenwich 

Mean Time stamp, with one record for each measurement.  When using the FVM software and a 

laptop computer for data acquisition a new archive was created after each 3600 records (six-

minutes at a 0.1-second sampling rate).  In these cases, the archives were concatenated and 

imported into Excel or SigmaPlot software for analysis and plotting.  When a battery operated 

single board computer data was used for data acquisition, data were recorded in a single archive 

for the entire measurement period and imported directly into the analysis software.

2.4  Field characterization

The field changes of concern from light-rail systems occur over the 5 to 20 second period that it 

takes a train to pass a location along the route.  The duration of a detectable field change will 

depend on the speed of the train and the distance from the train.  To compare background field 

variations with those expected from the light rail system, the measured field variations were 

categorized as follows:

• Instantaneous variation   represents the measurement-to-measurement variation seen in the 

five-minute plots.  These field changes represent the noise level for the detection of field 

changes from the light-rail system. Instantaneous variation was estimated from visual 

assessment of the 5-minute plots of the data.   

• Short-term variation   represents the range of field changes seen over periods of seconds to a 

minute.   Infrequent large field changes, such as from movement of a nearby elevator, were 
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not considered in the determination of short-term variation.  Short-term variation was 

characterized from the 5- and 90-minute time plots.  Field changes due to passage of a train 

would also occur over a period of seconds to tens of seconds.  Therefore ambient short-term 

background fluctuations can be characterized as the background level against which field 

changes from the train should be compared. 

• Long-term variation   represents the range of values seen over periods of hours or even a day. 

Data collected over a 90-minute period will not capture such changes.  However, long-term 

changes in field levels will not be mistaken for fields from the light-rail system and are 

unlikely to impact susceptible instruments. 

2.5  Data analysis

The raw data (0.1-second interval) from each site were plotted and visually inspected to confirm 

meter performance during data collection.  Every fourth measurement from the raw data for each 

site was extracted to produce the final data set (0.4-second interval) used in analyses. 

Approximately 30 seconds of data were excluded from analysis at the beginning and end of the 

data collection period.  This exclusion was intended to eliminate possible perturbation of the 

field by movement of observers near the meter.

The field changes at 0.4-second intervals relative to field at the start of analysis were computed 

for each component and for the total field over a measurement period.  The use of relative fields 

characterizes the field changes that are of interest to assess potential interference and facilitates 

interpretation and plotting of the time-series data.  The relative fields were plotted versus time to 

give an indication of temporal variability for comparison with the sensitivity of selected research 

instruments to variations in the magnetic fields. 

Time-series plots over a 5-minute period demonstrated the instantaneous measurement-to-

measurement variation and the variations over 5 to 20 second periods.  The latter short-term 

periods are similar to those associated with changes in field from a passing light-rail train.  
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Field plots over the entire measurement period of usually 90 minutes can also be used to estimate 

short-term variations as well as show the relative stability of the background field during daytime 

hours.  The magnitude of variations for the x, y and z components and total field are shown in 

plots of data collected over the 5-minute periods.  For longer time periods only the total field is 

shown.  The magnetic-field (vertical) scales vary from plot to plot to accommodate different 

maximum field changes. 

2.6  Field fluctuation analysis

The frequency and magnitude of existing field changes at locations on the UMD campus were 

estimated with two methods. The first employed visual inspections of the 5-minute and 90-

minute measured field plots for each site to estimate the magnitude of the instantaneous and 

short-term field variations that lasted for less than few seconds to tens of seconds.  The data 

collection periods were too short to reliably characterize long-term variations in background 

fields that occur over hours or within a day.  The instantaneous field variation assigned at each 

site was based on the observed measurement-to-measurement variation observed during the 5-

minute field plots.  The short-term variation assigned to a site was based on the largest observed 

peak-to-peak excursions that occurred several or many times during a full measurement period. 

These subjective estimates provided a rough quantification of the magnitude of background field 

variation at a site. The values in Table 1 of the Executive Summary were based on the visual 

assessment method.

The second, more quantitative, method for estimating ambient field fluctuations used the 

maximum measured peak-to-peak (pp) field fluctuations during successive 20-second intervals 

over a measurement period. Twenty seconds is the approximate duration of field fluctuations due 

to a passing train. The analysis yielded three peak-peak field values per minute and 3N total 

observations for a measurement period lasting N minutes: typically N≈90, or ~270 observations. 

The distribution of these fluctuations by magnitude provided an estimate of how often 

fluctuations of a given amplitude occurred.  The larger the amplitude of the fluctuation, the 

longer the average interval between occurrences. We used the 67th , 90th and 95th percentiles of 

the maximum 20-second peak-to-peak (20-pp) fluctuations over a measurement period to 

estimate the fluctuation level that is exceeded on average every 1, 3.3 and 6.7 minutes, 
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respectively.  The 95th percentile background level would be comparable in frequency to the 

fluctuations of trains passing with 6.7 minute headway. The summary measures were computed 

for the measured data at each of the 22 sites.  

The existing background levels estimated from either method can be compared with siting 

specifications for various instruments and ultimately can be compared with predicted fields from 

light-rail trains at a specific site. 

2.7  Magnetic-field interference thresholds for susceptible instruments

Very-slowly varying magnetic fields from light-rail systems and moving ferromagnetic objects 

such as elevators and vehicles can interfere with the operation of scientific instruments that 

utilize charged beams, such as electron microscopes, electron beam lithography systems, and 

focused ion beams, and with systems that require a very stable magnetic field, such as magnetic 

field imaging devices and magnetic resonance spectrometers.  Consequently, manufacturers of 

such devices often provide siting specifications for allowable field levels or for distances to be 

maintained between susceptible instruments and sources of magnetic field.  The dc magnetic-

field siting specifications for selected instruments are listed in Table 3 for comparison with the 

background levels reported here. 

As shown in Table 3 the field stability requirements for some of the charged-beam apparatus are 

at levels of 0.1 mG. If background field fluctuations exceed this level then mitigation to reduce 

the fluctuations will likely be required before installation of such apparatus.  Charged-beam 

apparatus generally require a small enough stable-field volume that field mitigation can be 

achieved either by modifying the source and/or introducing field cancellation or shielding at the 

receiver. 

Nuclear magnetic resonance (NMR) spectrometers require a very stable magnetic field to 

operate. This is usually provided by a large superconducting magnet.  Trains from a light-rail 

system can introduce slight variations in this field and interfere with sensitive measurements.
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Thresholds for interference with NMR spectrometers have been established by researchers when 

considering the effects of light-rail systems on their research. For example, researchers at the 

University of Washington Chemistry Department established a threshold of 0.1 mG (total field) 

for their spectrometers and researchers at the Washington University (St. Louis) Chemistry 

Department established a threshold for interference of 0.02 mG (vertical field) inside the NMR 

spectrometers.  This latter threshold assumed the superconducting magnet provided attenuation 

by a factor of five. The field inside the magnet is also affected by the time constant for 

penetration of the changing fields into the magnet.  These two thresholds are similar but not quite 

equivalent, since the 0.1 mG is the total field and the internal 0.02 mG refers to an attenuated 

vertical field inside the magnet. 

According to a vendor of commercial field cancellation systems their use to mitigate field 

fluctuations near NMR systems is problematic and not recommended.  

3.0 RESULTS

3.1  Geomagnetic field

The average total magnetic field at 17 outside locations was 0.503 ± 0.056 G and the average at 

five indoor locations was 0.398 ± 0.175 G.  The difference between the magnitude and 

variability of outside and inside mean levels can be attributed to shielding and field enhancement 

by ferromagnetic material, typically steel, in the building structures. 

3.2  Data quality

The initial inspection of the raw data field plots indicated that the instruments and data collection 

protocols performed reliably with two minor exceptions.  Sites 4 and 11 exhibited abrupt 

instantaneous unidirectional changes in the field components without a corresponding change in 

the total field.  These were attributed to inadvertent reorientation of the field sensors, possibly by 

a squirrel or the observer.  These abrupt changes did not occur during the 5-minute plots that 

include all components, but were included in the 90-minute plot, since the total field 

measurements were not compromised by a change in sensor orientation. 
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Contemporaneous abrupt unidirectional changes in the components and total field were also 

noted at Sites 2, 14, 16 and 21.  These were attributed to the movement of nearby ferromagnetic 

objects: most likely elevators at Sites 2, 14 and 16 and a vehicle at Site 21.

The inspections also indicated that the sampling rate changed unexplainedly from 0.1-second 

intervals to approximately 30-second intervals in the last 51 minutes of measurements at Site 19 

(H. J. Patterson Hall).  Therefore only the first 39 minutes at the faster sampling rate were 

analyzed for Site 19.  The magnetometer functioned without problems in the next deployment. 

3.3  Field variation 

Time-series plots of the field magnitude at each measurement location for the first 5-minute 

period and over the approximate duration of measurements are given in Figures 2 – 24.  The 

levels of short-term field variation that were estimated from visual inspection at the 22 sites are 

listed in Table 1 of the Executive Summary. 

The estimated short-term field variation ranged from 0.05 mG at Ludwig Field to 2.0 mG at H.J. 

Patterson Hall near a Campus Drive bus turnout.  The quietest indoor sites were near the shielded 

room in the MEG lab and in the susceptibility lab in the Physics Bldg.  All but two of the 

measurement locations had estimated short-term variation of less than 0.3 mG p-p.  Given the 

capability of active field-cancellation systems and their expanding incorporation into 

installations of sensitive instrument, all the locations with background levels less than 0.3 mG 

are currently suitable for siting sensitive instruments.

The estimated instantaneous field variations varied from 0.02 to about 0.5 mg, with the largest at 

the site near H. J. Patterson Hall.  All but three sites had instantaneous field changes of 0.05 mG 

or less.  The 0.1 mG instantaneous levels in the Fabrication Laboratory in the Kim Building are 

probably from a local source that can be identified and mitigated.

The magnitude and frequency of short-term field fluctuations estimated from the distributions of 

maximum p-p changes in 20-second intervals are given in Table 4 for comparison with those 

estimated from visual assessments.  The 67th, 90th and 95th percentiles of the 20-second interval 

Dan Bracken 11 10/6/2008



maximum p-p fluctuations along with those from visual assessments are plotted in Figure 25 for 

all sites.  

As seen in Table 4 and Figure 25, the 90th percentile (1/3.3 minutes) and 95th percentile (1/6.7 

minute) of the maximum 20-second p-p fluctuations were very similar to those estimated with a 

visual assessment.  The fluctuation magnitudes for all but two sites were less than about 0.3 mG 

by all measures.  The median fluctuation levels across sites were 0.18, 0.13, and 0.17 mG based 

on the visual assessment, 1/3.3-minute, and 1/6.7-minute measures, respectively.  These results 

suggest that ambient magnetic-field fluctuations range from 0.1 to 0.3 mG with a typical value of 

about 0.15 mG at existing and future research sites on the UMD campus.

4.0 DISCUSSION

4.1  Measurements 

Probe vibration could have contributed to some of the observed instantaneous fluctuations in the 

field measurements.  Sensitivity of the probe to temperature variations could have caused some 

of the observed drift in magnetic fields, such as that seen at several of the outdoor sites. 

However, the slow drift does not affect the estimates of instantaneous and short-term field 

variation. 

All of the measurements were collected during daytime hours when local field variation tends to 

be highest due to vehicular traffic and human activity.  However the 90-minute or shorter 

measurement periods at all sites failed to capture sufficient data to estimate long-term variations 

and identify any local sporadic or diurnal sources. 

4.2  Local sources

Vehicles and elevators are well known local sources of field changes due to perturbation of the 

geomagnetic field. In some cases, we were able to confirm directly these objects as the source of 

field excursions from background levels in the recorded data.  In other cases the characteristics 

of the field change and knowledge of the types of sources in the area were sufficient to identify 

sources. For example, perturbation of the field by a vehicle (or other moving object) is 
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characterized by a spike of short duration determined by the speed of the vehicle.  After the 

vehicle is out of range of the sensor, the field returns to its original background level.  The 

largest field perturbation occurs in the vertical direction.  The only clear examples of vehicle 

passage are in Figure 23 (Site 21, Ludwig Field).  There an automobile arrived at about 2.4 

minutes into the measurement period, stopped and then departed two minutes later.  The passage 

of two cars near the measurement site was also seen between the 25th minute and the end of 

measurements. 

Changes in field due to elevator movement are characterized by a step-like increase or decrease 

in field from one stable background level to another.  The step-like field traces in Figures 3 (Site 

2: Inside Marie Mount Hall) and possibly those in Figure 16 (Site 14 Patuxent Building) were 

due to changes in the position of elevators.

In many cases it was not possible to identify the source of a field change.  For example, at indoor 

locations it was often not possible to observe specific activities that occurred in other parts of the 

building or outside the building.  Furthermore when collecting data with the battery operated 

modules, it was not possible to visually monitor data collection and identify field-change events 

and sources in real time.  

4.3  Data analysis

Two approaches, as described in Section 2.6, were used to estimate the amplitude of ambient 

magnetic-field fluctuation levels that are comparable in frequency and duration to those 

produced by a light-rail system.  The results from these two approaches were similar, giving 

credence to the estimated levels of field fluctuations on the UMD campus.  At present there is no 

generally accepted methodology for analyzing field fluctuations for comparison with light-rail 

generated magnetic fields. If another approach is identified for characterizing fluctuations, then 

the data reported here can be re-analyzed for comparison with future ambient measurements or 

with light-rail fields. 
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4.4  Comparison with siting specifications

The measured background variations at 17 of 22 sites exceeded the 0.01-mG criterion given in 

Table 3 for siting the most sensitive electron microscopes and NMR spectrometers.  The five 

sites with fields at or below 0.01 mG were  two open fields (Chapel Field and Ludwig Field), the 

MEG laboratory in Marie Mount Hall, a site outside Marie Mount Hall, and the susceptibility 

laboratory in the Physics Building.  The other site outside Marie Mount Hall (Site 1) had field 

variation of 0.15 mG, while Site 9a in the SQUID laboratory in the Physics Building and Site 6 

outside the Physics Building had background field variations of 0.3 and 0.2 mG, respectively. 

Thus, future installation of instruments on campus with the most stringent siting specifications 

will most likely require mitigation, even with existing background levels.  Other less sensitive 

instruments may, or may not, require field mitigation. 

4.5  Comparison with light-rail system fields 

Two sources contribute to the magnetic field from a light-rail system: 1) the propulsion field, 

Bprop due to currents supplying power to the train and 2) the perturbation field, Bpert, due to 

movement of the ferromagnetic material in the train causing perturbation of the earth’s field. 

Normally these two components are computed independently and added to produce the total 

field.  The propulsion field can be reduced by careful design of the circuit supplying power to the 

train, as was done at Washington University in St. Louis and Bielefeld University in Germany 

and is planned at the University of Washington in Seattle.  The perturbation field can only be 

reduced by separation from the moving vehicles, by elimination of ferromagnetic materials in the 

vehicle, or possibly by local field cancellation. 

The propulsion field is determined by the physical layout of the conductors and the maximum 

current drawn by the train.  The latter is dependent on the maximum speed of the train, the 

supply voltage, the grade, the number of passengers and other design and operating factors. 

Leakage of propulsion current into the earth can also cause magnetic fields unless the system is 

designed and maintained to ensure sufficient electrical isolation between the tracks and the earth. 

Until a design and operating conditions are specified it is not possible to predict Bprop for the 

Purple Line light-rail trains. 
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However, rough estimates of the unmitigated magnetic field at various distances from a light-rail 

system with electrical traction power current of 1000 amperes (A) are given in Table 4.  These 

estimated levels are intended only to indicate the order of magnitude of fields due to a light-rail 

system and do not necessarily represent the fields that would occur near the proposed Purple 

Line system. Mitigation strategies incorporated into the design of the above mentioned systems 

have reduced the total fields significantly from those shown in Table 4.

If typical background fluctuation levels are assumed to be 0.2 mG, then the fields from the 

hypothetical light-rail system in Table 4 exceed background levels out to a distance of 200 m 

(656 ft.) from the tracks, and exceed 2 mG out to 63 m (200 ft.).  This example illustrates the 

potential for unmitigated fields from trains to exceed background levels over extended areas of 

the campus.  As emphasized previously, these field values are not intended to represent the fields 

from the proposed light-rail system and are for illustrative purposes only.  The actual magnitude 

of fields from the proposed system and the actual impact on potential research activities will 

depend on the routing of the tracks, and the electrical design and physical configuration of the 

system. 

The perturbation fields have been measured for light-rail cars coasting without propulsion 

current.  At distances from the track less than about 100 m (330 ft), the estimated maximum Bpert 

for a  1-, 2- or 4-car light-rail train at r meters from the track is:  Bpert ≈ 2000/r2.2 .  The 

perturbation field will drop below 0.2 mG at about 220 feet (67 m) and below 0.1 mG at about 

300 feet (91 m) from the train.  Estimated perturbation fields are shown in Table 4. 

The predicted perturbation fields from the proposed light-rail trains indicate that no mitigation 

scheme can reduce the total field from the trains to below background levels inside of about 300 

feet from the tracks.  Marie Mount and Lefrak Halls on the Preinkert/Chapel Drive route and 

Microbiology, Geology and H. J. Patterson Hall on the Campus Drive route are located within 

this range.  
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5.0 CONCLUSIONS

Static-field measurements were performed at 22 locations on the UMD campus.  The locations 

were selected to be in or near buildings where existing or current research might be impacted by 

magnetic fields from the proposed Purple Line light-rail system through the campus. 

The measurement sites often coincided with the closest distance from a building to a well 

traveled street. This could have resulted in an overestimate of field fluctuation found in more 

distant points inside the building. 

Characteristics of  the background magnetic field fluctuations were:

• Short-term variations (seconds to tens of seconds) were between 0.05 to 2.0 mG p-p with 

most between 0.10 and 0.30 mG and had a median of 0.15 mG p-p; 

• Instantaneous variations (< 1 second) ranged from  0.02 to 5.0 mG p-p and had a median of 

0.05 mG.

• The maximum field fluctuations occurred adjacent to H. J. Patterson Hall near a bus turnout 

on Campus Drive. 

Future installation of susceptible instrumentation with a siting specification of 0.1 or 0.2 mG p-p 

for dc fields will most likely require mitigation of background magnetic field fluctuation levels. 

Instrumentation with less stringent siting criteria (> 0.20 mG for dc fields) may not require such 

mitigation in the existing magnetic field environment.  However, magnetic fields at other 

frequencies, such as the power frequency of 60 Hz, can also interfere with the performance of 

susceptible instruments.  Thus, magnetic field variation across a range of frequencies must be 

evaluated to determine the need for mitigation measures at a specific site 

A light-rail system with a normal electrical traction propulsion system will produce magnetic 

fields exceeding the typical background levels over an area that includes existing and planned 

research buildings.  The extent of this area and the potential for interference will depend on the 

electrical design, physical design and operating characteristics of the light-rail system.  The same 
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factors will determine the potential for interference if a field-reduction scheme is incorporated 

into the design. 

Because of  perturbation fields due to movement of the proposed light-rail trains, the total field 

will exceed background fluctuation levels (0.1 mG) out to about 300 feet (91 m) from the tracks. 

Beyond that distance the propulsion fields will predominate and the total field will depend on the 

design of the light-rail system . 
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Table 2: Magnetic Field Measurement Locations

Site. 
No.

Location

Start

Day
Hour 
EDT

Minutes 
of Meas.

Comments

1
Marie Mount Hall: Outside in 
courtyard at southwest corner of 
building

7/15 1027 94

2
MEG laboratory: Inside Marie Mount 
Hall adjacent to shielded room 

7/15 1131 96
Fields in shielded room would be 
much more stable. Elevator nearby.

3
Marie Mount Hall: Outside against 
north wall at northeast corner 

7/15 1224 91

4
G. L. Martin Hall: Outside in shrubs 
just to northeast of front entry

7/15 1411 90
Sensor inadvertently reoriented at 
1510 minutes

5
Mathematics Building: Outside in 
shrubs at southwest corner just east of 
entry to Mathematics Building

7/15 1430 95

6
Physics Building: Outside in shrubs 
just to west of entry

7/15 1601 92

7
Geology: Outside at southwest corner 
of building

7/15 1617 91
At corner of Campus and Regents 
Drive

8
A. V. Williams Bldg: Outside at center 
of south wall near brick gate

7/16 0828 98

9a
Physics: SQUID lab: Inside old 
cyclotron lab on 2nd floor.

7/16 0829 19

9b
Physics: Inside susceptibility 
measurements lab near SQUID 
magnetometer

7/16 0915 19
Opening and closing door to lab 
caused 0.3 mG change in field

10
Chemistry: Outdoors at north side of 
entrance courtyard

7/16 1034 91

11
Plant Sciences: Outdoors between Plant 
Sciences and Hornbake Library

7/16 1100 91

12
Microbiology: Outside at southwest 
corner of building 

7/16 1251 92 96 feet to Campus Drive

13
Biology-Psychology: Outside in shrubs 
to west of main entrance

7/16 1306 93

14
Patuxent Building: Outside at northeast 
corner of building to north of steps to 
patio.

7/16 1426 65

15
Physical Sciences Building Site: 
Outside at southeast corner of site

7/16 1450 61

16
Kim Building: Inside NISP Lab Room, 
1237C

7/16 1622 91
JEM 2100F Field Emission Electron 
Microscope in lab. 
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Site. 
No.

Location

Start

Day
Hour 
EDT

Minutes 
of Meas.

Comments

1
Marie Mount Hall: Outside in 
courtyard at southwest corner of 
building

7/15 1027 94

17
Kim Building: Inside Fab Lab, Room 
2310 

7/16 1643 61
In clean room near scanning 
electron microscope and direct-write 
electron beam.

18
Lefrak Hall: Outside north side of 
building

7/17 0843 91 Near speech and hearing lab

19
H. J. Patterson Hall: Outside at 
northwest corner of building

7/17 0903 92
27 feet from Campus Drive. 
Adjacent to eastbound bus turnout

20
Chapel Field: Outside near center of 
field

7/17 1052 38

21
Ludwig Field: Outside at south side of 
soccer field adjacent to Parking Lot 1d

7/17 1116 31
Vehicle parked near sensor at 
beginning of measurements

Dan Bracken 19 10/6/2008



Table 3: Magnetic Field Siting Requirements for Selected Instruments

Type* Vendor Model Threshold Magnetic Field, mG
SEM JEOL 5200 3.0 mG
SEM JEOL JSM 7000F, JSM 7400 0.1 mG, peak-to-peak (p-p) 
TEM JEOL 4000EX 0.1 mG, p-p

TEM FEI Tecnai G2 TF20 ST;  STEM
0.8 mG,  p-p horizontal
1.0 mG, p-p vertical

MRI Philips Achieva Quasar Dual 3.0T
11.0 mG, based on  
24 m from 750A train

NMR Spect. Unknown
Univ.. of Wash. Chemistry Dept.
Located 310 m from tracks.

0.10 mG, p-p, field threshold not to be 
exceeded by light-rail system 

NMR Spect. Unknown
Washington Univ. Chemistry Dept. 
Located 73 m from tracks.

0.02 mG, p-p vertical field inside super-
conducting magnet of NMR spect.

SEM = Scanning electron microscope; TEM = Transmission electron microscope; 

     NMR Spect. = nuclear magnetic resonance spectrometer.

Table 4: Estimated Magnetic Field from an Unmitigated Light-Rail Train with Overhead Power 
Traction System Operating at 1000 A.  Note: The total fields are for illustrative purposes only 
and do not necessarily represent fields from the proposed Purple Line light-rail system.  

Distance from 
Train, feet (m)

Estimated Total 
Magnetic Field, mG

Perturbation Field, 
mG

66 (20) 15.3 2.75
164 (50) 2.5 0.37
328 (100) 0.6 0.08
656 (200) 0.2 —
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Table 5:  Estimated Magnetic Field Variation in Milligauss by Methodology by Measurement Site

Site
No.

Location
Visual Assessment, mG Distribution of 20-second p-p, mG

Instan-
taneous

Short-
term*

95th %ile
One/6.7 min.

90th %ile
One/3.3 min.

67th %ile
One/min.

Comment

1 Marie Mount Hall (Outside) 0.02 0.15 0.1 0.09 0.1

2
MEG laboratory (Inside) Marie 
Mount Hall 

0.03 0.10 0.23 0.13 0.08
Elevator movement caused field change 
of about 0.7 mG.

3 Marie Mount Hall (Outside) 0.05 0.10 0.14 0.13 0.09
Drift in field probably due to temperature 
change of sensor.

4 G. L. Martin Hall (Outside) 0.02 0.15 0.14 0.12 0.08

5
Mathematics Building 
(Outside) 

0.05 0.30 0.15 0.11 0.08

6 Physics Building (Outside) 0.05 0.20 0.17 0.14 0.11

7 Geology Building (Outside) 0.05 0.25 0.19 0.16 0.1
Larger variability could be from traffic on 
Campus and Regents Drives.

8 A. V. Williams Bldg. (Outside) 0.05 0.20 0.18 0.14 0.09

9a
Physics Bldg: SQUID lab 
(Inside)

0.10 0.30 0.29 0.24 0.12 Source of field variations not known.

9b
Physics Bldg: Susceptibility lab 
(Inside)

0.03 0.10 0.13 0.12 0.09

10 Chemistry Building (Outside) 0.05 0.20 0.32 0.25 0.18
Large field spike at about 19 minutes 
attributed to opening/closing of steel door.

11 Plant Sciences Bldg. (Outside) 0.05 0.15 0.13 0.12 0.08
Initial drift could be due to temperature 
change of probe.

12 Microbiology Bldg. (Outside) 0.05 0.20 0.17 0.14 0.1
Initial drift could be due to temperature 
change of probe.

13
Biology-Psychology Bldg. 
(Outside) 

0.05 0.15 0.11 0.1 0.07

14 Patuxent Building (Outside) 0.05 1.50 1.13 0.75 0.11 Sustained field changes probably due to 
elevator; source of short-term field 
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Site
No.

Location
Visual Assessment, mG Distribution of 20-second p-p, mG

Instan-
taneous

Short-
term*

95th %ile
One/6.7 min.

90th %ile
One/3.3 min.

67th %ile
One/min.

Comment

1 Marie Mount Hall (Outside) 0.02 0.15 0.1 0.09 0.1

changes unknown.

15
Physical Sciences Building site 
(Outside)

0.05 0.20 0.22 0.2 0.15
Variability could be due to traffic on 
Stadium and Regents Drives.

16
Kim Building: NISP Lab. 
(Inside)

0.05 0.15 0.17 0.12 0.05
Drift over first 50 minutes could be 
temperature related. Source of abrupt 
change at 55 minutes is unknown. 

17
Kim Building: Fab. Lab. 
(Inside) 

0.10 0.15 0.16 0.15 0.14
Source of rapid 0.2-mG field changes 
along y-axis is not known. Relative 
change in total field is smaller. 

18 Lefrak Hall (Outside) 0.02 0.20 0.1 0.06 0.04

19 H. J. Patterson Hall (Outside) 0.50 2.0 2.16 1.58 0.85
Large short-term and instantaneous field 
changes due to traffic through nearby bus 
turnout

20 Chapel Field (Outside) 0.02 0.10 0.08 0.07 0.05

21 Ludwig Field (Outside) 0.02 0.05 0.18 0.07 0.04 Least variability observed. 

* Visual assessment of short-term variations used in Table 1.

Dan Bracken 22 10/6/2008



Figure 1: Magnetic-field measurement sites on the University of Maryland campus. (See Key for site description.)
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Key for Measurement Sites in Figure 1

1 Marie Mount: Outside SW corner 7 Geology: Outside SW corner 13 Biology-Psychology: Outside W of 

entrance

1

9

H. J. Patterson: Outside NW corner

2 Marie Mount: Inside MEG lab. 8 A. V. Williams: Outside center of S 

wall

14 Patuxent: Outside NE corner 2

0

Chapel Field: Outside near center of 

field

3 Marie Mount: Outside NE corner 9 Physics: Inside a) Squid lab. and 

b) Susceptibility lab. 

15 Physical Sciences building site: 

Outside at SE corner

2

1

Soccer Field: Outside at S. side of 

field adjacent to parking lot 1d 

4 G. L. Martin: Outside NE of front 

entrance

10 Chemistry: Outside in entrance 

courtyard 

16 Kim: Inside NISP lab.

5 Mathematics: Outside E of entrance 11 Plant Sciences: Outside between 

bldg. and Hornbake Library

17 Kim: Inside Fab lab. 

6 Physics: Outside W of entrance 12 Microbiology: Outside SW corner 18 Lefrak: Outside N side 
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