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novel xylophone resonating bar magnetometer, invented by APL's Research 
and Technology Development Center, is being developed in collaboration with the 
Space Department into a compact, high-sensitivity, wide dynamic range sensor suitable 
for space physics applications. The magnetometer's principles of operation are presented 
and are demonstrated in experimental situations. The sensor uses the Lorentz force and 
the xylophone bar's mechanical resonance to yield subnanotesla sensitivity. This 
resonance technique offers large mechanical gains at the expense of bandwidth 
(typically a few hertz). However, the device can be used as a mixer to detect alternating 
magnetic fields. This capability is demonstrated at low frequencies (a few hertz) and at 
radio frequencies (a few megahertz). The sensor incorporates no magnetic materials 
and, therefore, can be used to detect small fields while rejecting large out-of-band 
signals. The resonator's temperature sensitivity is mitigated using feedback. The device 
is in an early engineering prototype stage. Eventually, using micro-machining and chip- 
on-board techniques, it is expected to be implemented as a "magnetometer on a chip." 
(Keywords: Lorentz force, Magnetic fields, Magnetometer, Resonator.) 

INTRODUCTION 
Although the field of magnetometry is mature, the 

need for miniature magnetic field sensors with subnan- 
otesla sensitivity continues. The drive to smaller, 
higher-performance, and cheaper electronic devices 
has become a rallying cry in the space community 
and can be heard in other arenas as dissimilar as trans- 
portation, biomedicine, and munitions. The develop- 
ment of true chip-based high-sensitivity three-axis 

magnetometers, magnetometer anays, and gradiometers 
could profoundly change the way magnetic field sensing 
is implemented and allow a proliferation of these sens- 
ing devices for many applications. 

Terrestrial applications of such a high spatial resolu- 
tion anay would, for example, allow imaging by physi- 
cians of neuron charge transfer in the brain or the 
guiding of unseen surgical instruments in the body. Such 
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an array might be used to image currents around sites 
of corrosion on the surface of insulation-clad pipe in a 
refinery. Small magnetometer arrays might also 
be used in vending machines to sense the erroneous 
magnetic signature of counterfeit money. Swarms of 
sea-based magnetometers carried by miniature autono- 
mous probes might track surface and subsurface activity. 

Spaced-based needs include the measurement of 
naturally occurring magnetic fields from strong plane- 
tary sources, such as the Earth's (35 |xT), to relatively 
weak interplanetary fields (~1 nT). A spacecraft's mag- 
netometer is perhaps its most important measurement 
device. Earth-orbiting satellites use magnetometers to 
calculate their orientation and altitude. Probes such as 
the Near Earth Asteroid Rendezvous (NEAR) use 
magnetometers to study the strength and variations of 
magnetic fields to discern the origins of stellar bodies.1 

Increasingly, there is a need to measure a spacecraft's 
artificially generated fields. These locally emanating 
fields stem from spacecraft system electrical currents 
and residual structural magnetization. For body- 
mounted magnetometers like those on NEAR, the 
spacecraft-induced fields add noise to the background 
and interfere with the intended primary measurement.1 

A system of strategically located body-mounted micro- 
magnetometers might offer several advantages. Prima- 
rily, such a sensor array could be used in an 
autocorrection effort to compensate for local effects. A 
secondary benefit is that the measurement of a space- 
craft's fields would have significant diagnostic value, 
enabling engineers to monitor onboard activities such 
as deployment of appendages (i.e., solar panels or 
antennas). 

Sensitive micro-magnetometers will enable new 
generations of small, compact, boomless spacecraft to 
be built. Eventually, a multitude of micro-spacecraft, 
each carrying a magnetometer, will map large-scale 
temporal and spatial changes (e.g., the curl) in the 
fields of space. Such spacecraft constellations are need- 
ed to forecast space weather. 

Traditionally, spacecraft magnetic field measure- 
ments have been performed by fluxgate magnetome- 
ters2,3 and vapor magnetic field sensors.4 However, 
efforts to miniaturize sensor size and mass have been 
limited by construction difficulties and loss of sensitiv- 
ity. Truly miniature sensors with subnanotesla sensitiv- 
ity based on these techniques may not be possible. 

The goal of miniaturizing magnetometers has led to 
the development of other new devices such as piezore- 
sistive5 and magnetostrictive6 cantilevers, magnetore- 
sistive films,7 and magnetometers based on electron 
tunneling effects.8 The sensitivity of these methods, 
however, has not reached the subnanotesla range. Con- 
versely, superconductors can be used to create high- 
sensitivity magnetometers, but their cooling 
requirements typically limit their miniaturization. 

Eventually, the full system is expected to be inte- 

grated onto one die and operate as a highly sensitive 

"magnetometer on a chip." 

XYLOPHONE BAR MAGNETOMETER 

Development 

The resonating Xylophone Bar Magnetometer is one 
of many sensor concepts recently developed by APL's 
Research and Technology Development Center 
(RTDC). This novel and relatively simple device uses 
the Lorentz force to measure a particular magnetic field 
vector. It offers the potential of being lightweight and 
operating in a low power mode. True to its name, the 
device is based on a classical resonating xylophone bar, 
which can be scaled down to a small size (prototype 
sensor bars made from copper-beryllium [CuBe] foil are 
a few millimeters in size). The resulting small sensor 
elements can be employed in scanning or array config- 
urations to measure magnetic field gradients or for 
magnetic imaging applications. This sensor concept is 
ideally suited to miniaturization using one of the many 
available microelectromechanical system (MEMS) 
technologies. (In a parallel effort, the RTDC is in the 
early stages of developing MEMS xylophone bars con- 
structed of polysilicon and lead-zirconate-titanate.) 
Finally, the xylophone magnetometer operates without 
using any magnetic materials (ferrites), which prevents 
sensor saturation in the presence of large fields. 

To date, the development of the Xylophone Bar 
Magnetometer has concentrated on the miniaturiza- 
tion of the sensing element and an understanding of the 
device's capabilities. The sensor uses conventional 
breadboard electronics to facilitate development. A re- 
duction in mass and volume of the electronics can 
eventually be achieved with standard custom chip and 
bare-die advanced packaging technologies and poses no 
limiting factors. Details of the sensor's early develop- 
ment have been reported,9-11 and patents are pending. 

Principles of Operation 

The Xylophone Bar Magnetometer operates by using 
the Lorentz force to transduce current flow through a 
■wire crossing a magnetic field into a mechanical force, 
which results in displacement of the wire. This same 
interaction drives an electric motor. However, in small 
magnetic fields the current would have to be tremen- 
dous to yield a displacement that is detectable. The 
genius of the APL device is that it uses a classical 
xylophone bar resonator as the current-carrying ele- 
ment. Therefore, when an alternating current at a fre- 
quency matching the bar's mechanical resonance is 
applied to a bar that traverses a constant magnetic field, 
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the resultant alternating Lorentz force sets the 
xylophone into mechanical oscillation. This use of 
mechanical resonance acts as a gain mechanism and 
allows a small oscillating force to yield a detectable 
displacement. 

The xylophone bar, shown in Fig. 1, is constructed 
to behave as a "free floating" beam with undamped 
ends. The supports, which act as electrical contacts, are 
placed at the nodal locations for the fundamental mode 
of oscillation. These locations are 22.4% of the bar's 
length from each end. The fundamental resonance 
frequency is12 

/o = 
22.4    EL     1.029b 

ITT !< (l) 

where 
E =  Young's modulus (N/m2), 

€b =  beam length (m), 

Ia =   area moment of inertia = (ab 112), 

<w =  uniform load per unit length (it; = pab) due to 
the mass of the bar, and 

p, a, and b = the bar's density, width, and thickness, 
respectively. 

When a current I is driven through the xylophone 
bar in the presence of a magnetic field B, as shown in 
Fig. 1, the resulting Lorentz force F is13 

F=€C(IXB);    /.F=€cffisin(*). (2) 

Here the angle between I and B is $. The force F is 
perpendicular to the plane containing I and B. The 
term €c is the length of the portion of the xylophone 

Figure 1. The Xylophone Bar Magnetometer's current and mag- 
netic flux interaction. /, B, and F represent electric current, mag- 
netic flux, and the Lorentz force, respectively. 

bar that contains current, i.e., the distance between the 
supports. 

When a static force is applied to the xylophone bar, 
the midpoint deflection (i.e., constant current, dc, and 
constant magnetic field) is given by the beam equa- 
tion 12 

hc = 
Ei\ 

48JaE' 
(3) 

If the Lorentz force is alternating at a frequency/, then 
the amplitude of the midpoint bar deflection is given 

by 

do = 4k 

V[l-(///o)2l2 + (//Qfo)2' 
(4) 

where f0 is the mechanical resonance frequency given 
by Eq. 1, and Q is the resonance quality factor (Q 
factor). This equation indicates that when the force 
and resonance frequencies are equal, the beam deflec- 
tion will approach Q-ddc. Q is determined by the bar's 
material parameters, such as ductility, and construction 
factors, such as the placement and width of the 
supports. 

If I and/or B are sinusoidally time-varying, their 
magnitudes can be rewritten as I = I0sin(2Tr/;t) and 
B = B0sin(2Trfbt), where ft and fh are the current and 
magnetic field frequencies, respectively, and t is time. 
In this case, the second half of Eq. 2- can be rewritten 
as 

F = £cBoh sin($) 

x {cos[(^ -ü,)2TTt]-cos[(j; +£)2irt]}. 
(5) 

The first cosine term of Eq. 5 represents the force in- 
duced on the xylophone bar at the "beat" frequency. 
The second cosine term represents the "sum" frequency. 
These terms come from the multiplication of I and B 
in the cross product and represent frequency "mixing." 
Therefore, when (/• + fh), (/• - fb), or (fh - ft) equals 
/0, the xylophone will vibrate and, with the use of ap- 
propriate detection electronics, will generate a signal. 

It is evident from these equations that, at resonance, 
the deflection of the xylophone bar is linearly propor- 
tional to the current through the bar, the magnetic field 
component perpendicular to the bar, and the Q factor. 
It is also apparent that the device may be used as a 
mixer to detect time-varying magnetic fields if the bar 
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current frequency is chosen correct- 
ly (Eq. 5). Both of these behaviors 
have been experimentally demon- 
strated in prototype devices. A sin- 
gle device has measured static (dc) 
magnetic fields from below 1 nT to 
above 1 T by simply adjusting the 
bar current amplitude. In another 
experiment, the xylophone magne- 
tometer has been implemented as a 
mixer to detect sinusoidally varying 
magnetic frequencies of up to 10 
MHz.14 The upper frequency limit 
seems only to depend on the bar's 
skin depth. 

311E=a i 

!■—I l—l 
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Figure 2. Freshly chemically milled CuBe xylophone bars (left) and a finished, board- 
mounted bar (5 x 0.5 x 0.25 mm thick). 

Sensor Element 

The concept for the resonating Xylophone Bar 
Magnetometer is fully capable of being miniaturized by 
a variety of technologies, including conventional fab- 
rication using electrostatic discharge machining and 
chemical milling. Today, engineering prototype xylo- 
phone bars are simply and effectively fabricated from 
nonmagnetic CuBe foils by chemical milling. To in- 
crease reflectivity and retard oxidation, a multilayer 
film (Ti/Pt/Au) is deposited on the surface. Typically, 
these xylophone bars are 5 X 0.5 X 0.25 mm, with Q 
values of approximately >7000 and resonant frequen- 
cies around 44 kHz. Figure 2 shows a portion of the 
CuBe foil after milling and a finished xylophone bar 
mounted on a modified PC board as it is used in the 
sensor. 

Deflection of the xylophone bar is generally deter- 
mined by optical methods. The light from a laser diode 
is reflected off one of the bar's ends and onto a position- 
sensitive (photo) detector (PSD). A lock-in amplifier 
is used to extract the final signal. Figure 3 illustrates 
the response of a xylophone bar magnetometer and a 
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Figure 3.The response of a xylophone bar (top curve) and fluxgate 
magnetometer (bottom curve) to a 1-nT change in magnetic field. 

fluxgate magnetometer to magnetic field variation on 
the order of 1 nT Here, the xylophone bar current 
amplitude is 1 A and the xylophone system bandwidth 
is a few hertz. The fluxgate has a wider bandwidth, 
approximately 100 Hz. (The spikes on the fluxgate 
signal are caused by the undersampling of the 60-Hz 
background field by the digitizer.) The displacement 
frequency response (magnitude and phase angle) for a 
typical 5-mm-long chemically milled xylophone bar is 
shown in Fig. 4- 

The Xylophone Bar Magnetometer has also been 
demonstrated as a frequency mixer. Figure 5 shows the 
sensor's response to low-frequency sinusoidal magnetic 
fields of 2, 10, and 20 Hz relative to the resonance 
frequency /0. The detection system lock-in amplifier 
is always tuned to the xylophone frequency f0. This 
figure was generated by sweeping the xylophone drive 
current frequency. The central line at the xylophone 
resonant frequency is due to the incomplete nulling of 
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Figure 4. A xylophone bardisplacement spectrum (magnitude and 
phase angle) in a static magnetic field versus the drive current 
frequency. 
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42.75 42.76 42.77 42.78 

Frequency (kHz) 

42.79 42.80 

Figure 5. The amplitude of the xylophone magnetometer response 
to low-frequency sinusoidal magnetic fields (2,10, and 20 Hz) as 
a function of drive current frequency. The Earth's (constant) field is 
seen at f0. 

the Earth's magnetic field. (Nulling is accomplished by 
orienting the magnetometer's axis of sensitivity in an 
east-west direction.) Each of the three magnetic field 
components has a "sum" and "beat" frequency response 
(Eq. 5). 

Figure 6 depicts the response of the xylophone 
magnetometer to a high-frequency sinusoidal (1-MHz) 
magnetic field as a function of drive current frequency. 
In this case, the magnetic field frequency fh is much 
greater than the xylophone resonance frequency f0. 
Therefore, two "beat" conditions exist where the mag- 
nitude to the difference frequency, (ft — ft,) or (ft, — /;), 
equals /0. The insert in Fig. 6 shows the two resonances 
overlaid side-by-side for comparison purposes. Al- 
though the Qs of the resonances are as expected, the 
difference in amplitude of the sidebands is unforeseen. 
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Figure 6. The amplitude of the xylophone response to a high- 
frequency sinusoidal (1-MHz) magnetic field as a function of drive 
current. The insert shows the two resonances overlaid side-by- 
side for comparison purposes. 

This behavior is (tentatively) being attributed to skin 
depth variations at these frequencies and is presently 
being investigated. However, we believe that the skin 
depth phenomenon represents an upper operating fre- 
quency limit of the xylophone magnetometer. 

Engineering Prototype 
The development of the Xylophone Bar Magnetom- 

eter toward a space-qualified instrument has been a 
major goal of recent joint Space Department and 
RTDC research and development efforts. In the last 
year a demonstration model single-axis xylophone mag- 
netometer using 5-mm CuBe bar resonators and con- 
ventional electronics has been constructed. Figure 7 
shows the sensor head and electronics enclosure (in- 
cluding power-supply conditioning) of the device. As 
a compromise between size and cost, the electronics are 
constructed of conventional components. The system 
represents a significant step away from larger ones used 
during basic development that incorporated multiple 
rack-mounted pieces of equipment. 

A schematic of the engineering prototype Xylo- 
phone Bar Magnetometer is shown in Fig. 8. The sys- 
tem's sensor body contains a xylophone bar, an optical 
deflection sensor, a calibration coil, and pressure and 
temperature sensors. The main electronics enclosure 
contains the microprocessor and other electronics for 
sensor self-tuning and signal processing. 

The sensor begins operation with the microprocessor 
tuning the amplitude and frequency output of the dig- 
ital sine wave synthesizer. This signal drives a step- 
down transformer to provide an alternating current to 
the xylophone bar. When a magnetic field is present 
and the frequency tuning is correct, the bar begins to 
vibrate. This motion is detected using optical beam 
deflection. The light from a laser diode is focused 
by a lens and reflected from the bar to form a spot 
on the PSD. The currents from the PSD's two outputs 

Figure 7. The single-axis prototype magnetometer sensor head 
(left; =5 x 3.5 cm) and electronics enclosure (right). 
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Figure 8. The sensor head and main electronics for the engineering prototype Xylophone Bar Magnetometer (PSD = position-sensitive 
[photo] detector; I and Q = in phase and quadrature phase, respectively). 

vary proportionally to the beam spot's lateral position 
on the detector. Using a difference amplifier, a signal 
is generated which indicates the beam spot's motion 
and, therefore, the bar's motion. This signal is filtered, 
demodulated by a lock-in amplifier, digitized, and pro- 
cessed to provide magnetic field magnitude and phase 
angle data. 

At start-up, the sine wave synthesizer sweeps 
through a range of frequencies known to include the 
bar's mechanical resonance frequency. This action pro- 
duces a table of data similar to the data depicted in Fig. 
4. The phase angle that corresponds to the peak of the 
resonance is stored and used as a reference point for 
tuning in the feedback loop. Under normal operating 
conditions, the sine wave synthesizer is tuned so 
that the Lorentz force frequency matches the bar's me- 
chanical resonance frequency. The magnetometer's 
sensitivity is magnified by simply increasing the drive 
current of the xylophone bar. 

The system is embellished in several ways to improve 
performance. The laser diode is modulated at a micro- 
processor-controlled frequency. This technique is used 
to minimize cross-talk between the xylophone drive 
current and the lock-in detection system. The PSD sum 
signal, which is an indicator of the total light on the 
detector, effectively monitors the laser diode's health 

and the quality of the bar's reflective coating. Pressure 
and temperature sensors are used to log sensor condi- 
tions during testing. Finally, the calibration coil is used 
to provide a small alternating reference field of known 
amplitude and frequency. This tuning standard is used 
during the start-up/initialization cycle. 

FUTURE GOALS 
In the next year, a three-axis sensor will be con- 

structed with techniques similar to those used to build 
the present prototype. CuBe xylophone bars, along 
with conventional surface-mount electronics, will be 
used to demonstrate that three bars of different frequen- 
cies can operate in close proximity. This system will 
represent a final stage in the magnetometer's "proof of 
concept" development. 

Subsequent efforts are expected to concentrate on 
integration and miniaturization. The MEMS xylo- 
phone bars (from parallel RTDC research efforts) will 
be incorporated into the sensor system. Early integra- 
tion of the sensor and microelectronics is already in 
progress. High-sensitivity capacitive and piezoelectric 
pick-up schemes are under active development as well. 
Figure 9 shows an electron micrograph of a MEMS 
xylophone bar. Eventually the full system is expected 
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Figure 9. An electron micrograph of a MEMS xylophone bar made 
of polysilicon. 

to be integrated onto one die and operate as a highly 
sensitive "magnetometer on a chip." 

APL's Xylophone Bar Magnetometer is a new, 
highly sensitive method of detecting magnetic fields. 
The system uses the Lorentz force and the mechanical 
resonance of a miniature xylophone bar to make sub- 
nanotesla magnetic field measurements. The magne- 
tometer's sensitivity as well as its "mixing" capability 
have been demonstrated. A "stand-alone" sensor sys- 
tem has been constructed using conventional electron- 
ics and small CuBe xylophone bars to test operating 
and self-tuning concepts. Soon, the marriage of this 
system with the RTDC's MEMS effort is expected to 
produce a highly compact sensor. This integration will 
provide three-axis systems and one- or two-dimensional 
sensor arrays for magnetic imaging. The ultimate goal 

of single sensor systems is to provide an entire magne- 
tometer on a chip. 

REFERENCES 

*Lohr, D. A., Zanetti, L. ]., Anderson, B. J., Potemra, T. A., and Acuna, 
M. H., "The NEAR Magnetic Field Instrument," Johm Hopkins APL Tech. 
Dig. 19(2), 136-141 (1998). 

^Acuna, M. H., "Fluxgate Magnetometers for Outer Planet Exploration," IEEE 
Trans. Magnetics MAG-10, 519-523 (1974). 

''Acuna, M. H., Connerney, ]. E., Wasilewski, P., Lin, R P., Anderson, K. A., 
et al., "Mars Observer Magnetic Field Investigation," ]. Geophys. Res. 97, 
7799-7814 (1992). 

^Smith, E. J., Marquedant, R. ]., Langel, R, and Acuna, M., "Aristoteles 
Magnetometer    System,"    Proc.     Workshop    on    Solid    Earth    Mission 
ARISTOTELES, ESA SP-329 (1991). 

5Rossel, C, Bauer, P., Zech, D., Hofer, ]., Willemin, M, and Keller, H., 
"Active Microlevers as Miniature Torque Magnetometers," J. Appl. Phys. 79, 
8166-8173 (1996). 

6Osiander, R., Ecelberger, S. A., Givens, R. B., Wickenden, D. K., Murphy, 
J. C, and Kistenmacher, T. ]., "A Microelectromechanical-Based Magneto- 
stiictive Magnetometer," Appl. Phys. Lett. 69, 2930-2931 (1996). 

7Yang, F. Y., Liu, K., Hong, K., Reich, D. H., Searson, P. C., and Chien, 
C. L., "Large Magnetoresistance and Field Sensing Characteristics of Elec- 
trodeposited Single-Crystal Bismuth Thin Films," Science (in press). 

SMiller, L. M., Podosek, ]. A, Kruglick, E., Kenny, T. W., Kovacic, ]. A, and 
Kaiser, W. ]., "A u,-Magnetometer Based on Electron Tunneling," in Proc. 
IEEE Workshop on Micro Electro Mechanical Systems, pp. 467-472 (1996). 
Givens, R. B., Murphy, J. C, Osiander, R., Kistenmacher, T. J., and 
Wickenden, D. K., "A High Sensitivity, Wide Dynamic Range Magnetometer 
Designed on a Xylophone Resonator," Appl. Phys. Leu. 69, 2755-2757 
(1996). 

10Wickenden, D. K., Givens, R. B., Osiander, R, Champion, ]. L., Oursler, 
D. A., and Kistenmacher, T. ]., "MEMS-Based Resonating Xylophone Bar 
Magnetometers," in SPIE Con/. Proc. Micromochmed Devices and Components 
IV, Vol. 3514, pp. 350-358 (1998). 

nWickenden, D. K., Kistenmacher, T. J„ Osiander, R, Ecelberger, S. A., 
Givens, R. B., and Murphy, J. C, "Development of Miniature Magnetom- 
eters," Johns Hopkins APL Tech. Dig. 18(2), 271-277 (1997). 

12Young, W. C, Roarfc's Formulas for Stress and Strain, 6th Ed., McGraw-Hill, 
New York (1989). 

13Reitz, ]. R., Milford, F. ]., and Christy, R. W., Foundations of Electromagnetic 
Theory, 4th Ed., Addison-Wesley, New York (1992). 

14Givens, R B., Wickenden, D. K., Oursler, D. A, Osiander, R, Champion, 
J. L., and Kistenmacher, T. ]., "Heterodyne Detection of Alternating 
Magnetic Fields with a Resonating Xylophone Bar Magnetometer," Appl. 
Phys. Lett. 74, 1472-1477 (1999). 

ACKNOWLEDGMENTS: The authors would like to thank Dr. Joe Surer and the 
Sensors Thrust Area, Internal Research and Development Committee, for their 
considerable support of the magnetometer's development. We would also like to 
thank Jeff Will (SER), Rick Edwards (TSE), David Lee (TSE), and Doug Dawson 
(TSM) for their substantial assistance in building these devices on site. 

lUltil Vs A ,*'['RMt-R r. n'-cl > P^ n, <i«<-iuj) ¥::-<«!<emu <- ! 
frtiip 'er >««*.!." -wm Thi« hhti H ifkmt 1 'tn*-s >rv m lui>7 - J .in M,-> i:. 
I'tt i rru A iiy'n'H L' ■ J <iu i p'>i.'ciii** ' \ nsji* w rii' i»rt'jii 
r.i H*>t>k>n* r,. Km'* ■>: W. * v ' 1 :'•■; > l'r; .% a •v.iw\- utaue I , :'>°f.< 
A* a jföS&dtnitöföl felb#, he tSfttmtles! his fe&sSatcfe. ±ft tnfcKWAtt» sttd 
^ttH-.trjunagnfitii' lejäiiHqös& a( nondestiticsve testing. De Ötir-sfer cn-fr>un>leil a 
«mall tu,iniii>JhjtA\<.i. .xJ .mclU iw„'. i.tni ■■; h. > «■ in i] ir'ntintre 
hiiv P«ILN rwL fl.i- niM'i. -iu . >! -\A i'i.li--<,ti* lit . "■■>?. ln> ji.ifi.,i AIM'-- 
Senior Staffmsb* Space D«p;ntn«-nt Smv« th«a h»has be*v.»w«lyt>(3 with tt« 
teams' ,tf die .)ü-;rvl\m<i u <i Htm! ^ vtriis, tfr iie-u lur-rm .r ot the 
Xylophone Bar MagnetoTHereir ihr space iipplications,. at«? tite mvestigatitm of 
t^ffal me^j^is fa anssite taancfe pomt <fet#Fttoft  Ek -v-maii address <$■ 
„Y>.i:l<^"< r li;9j{iii,i[-|(.]u 

JOHNS HOPKINS APL TECHNICAL DIGEST, VOLUME 20, NUMBER 2 (1999) 187 



D.A.OURSLERETAL. 

DENNIS K. WICKENDEN 1» .1 ph^icist itrthfc Sens.KÄiene* Ofoup fsf the 
APL Research a»d Teetarofagy Dswlopcaem Cent*?. He tascsivedfeK &&< atrf 
i'XO J(^efM: wtbe I iifuuK - Heo .i!.M«.\f J.JTu .„t.l.mv U "mvuMry 
.ill   1J„MH} Ht L"6

+
 Jini  l''l»S   li^lvT.l'l,       \^c- jl ](■ i-li-»r.iul l.llcwhij   II 

faigköd öfi die growth* (fejj:*c£fejteai;»«i, stttJ zg&kxtam *? a sati&e!? öf 
,nip»,'i' ^i"«> >' ii'i'.i- Li .'1,s\ >w ^ti.\ci .fr Mij'i. •■! urit-ii- <' t 'iW/ti 
Specialties, 'PÖntedL OR. where he <fcv*fop*ci epitaxial Ktowth equtpmenc for 
ill«'   «•llHliluinr.rt    1,'JMl,       .'.     *K«,   *.     JUJIrt  ä     M f-   .1-     I  VliM   S'!" 

; ph$sicist m:J9S'7- His current research iru«ests include growth jiuf charaetejr- 
«jti «n  ,<t /UUKJöI mciae oni xLvJ Mum ,mJ *ft<   jpnt-jmcu- « 
ii)Krv«lertr<in>reK-iTucjl ^p.iiiiTs.-   T-ft- was elcite'l a fellow of the Institut« of 

; Physics, in lltf.V.His c-nwiJ adt1n*5 is demwwickewkiv^jhuapUd'.» 

1 AVt'RfNf I" J   MNFTTl n>uvi i J h ,\  m ]-k.i>* fun 'i <  Pim.'-iij .' 
Ö>W<fo iß, 1974 and-ae M-5- sad !%£>> in ghysm fcent tbe Uruvwsfty ojr New 
H,TIJ,:,[^ io j'si \<\ 11 i>.thii, H, j 1.. i ,\ri i.  -*:> >.< i«. J 
Principal StST? -physkiif and ssjpervisrfr of tfte Magnetic Fields Sectiun «f the 
Space Pkystcs Gtttttp, Dt. Za»e»i was trifc jsÄwipal tttvestigator fo-jf «he Fteja 
Magafeät: £nbid Experitöeat staä natfta»6«t scie&ttet -fof ihe MEAR Magnetöia- 
ewr ExpsrsmsK Jfe i$ -prweKdy «n specwJ assign»»»* K NASA HeaJgHarrers 
as gtogtata sdarafct for magaetospit»!« safe»»»*. HM e-mail address » 

I lEinetti*ä'Iu|.n'.isa..j;.-ni. 

THOMAS ) KISTENMACHER'is .1 Pimcij»! tfr«feisi«-nul StjH clwraiir in the 
Al'l |V*.IR1I -iml T«.1a*iK.K" tVelupBin.r <\w<; Hi' >.Ku".<1 < Ri> i' 
rfttttitSttY'fnvi» li'Wa-StftM.'.Üftlvetäity and M.S. ,mi Ph.D. >üef>«ass, at» in 
cliwi)K.Ty,ü.ini the U«i-rer-<ity of Illinois. During 19nV-l<?7], hr was a Junior 
fellow in th<? A: A Noy« Latoatory tot Chemical l'hysi« at th* Catifomia 
i.i -i-H-t nfTn.hH.ih*:, him WTI tw H-a, In ^.Vi-'>«rt f!nM«.iitfn-tir\<r1, 
jRUa»^ && Tech Dr. ¥k«waadt»r Jfflfsd A3S, i» W82 m4 & c«n*irrfy-»s*b 
MC  >erM-:  SR  ^C   ü'ouf      H»  riuhi;.ll   :("e   th  *n-e.i l'   Muli \   the 
tVTll i'kKI   Lrt'l'     i| lK-h     r    l'.l.i    lllltl^   l.l      1   l.Pfl-\   -il   sr|f»;nri1,   iJi»-IMllli, 

and äCrB£tuffi~fm)$efty telatttffshfJÄ in sö^eföf felfeCft-oüit äöd mftghet±C fitaCerisis. 
I His e-muil adHri-ss is lhvHHds.l:ivtfciiroiieh«.T$ jhtiapl.etlu. 

Ft, PEN OJVgNS- is 3» Assswvre $®& mmihwr «£&s Se-asor Scfetw« öMW «» 
APL'4 ftesftaich and T«t&Md^ Dev^opmertt Cm«*, He- studied deanTöic* 
Tüii& m tiie Aimy aad iattar obtained aa assuciate's decree in efeclnsatcs &im 
i\e 1 'HIJIW. i kuJii. h^e^crir- ls--i-> -i X<. it-«u 1 .MH. r i^s? «~*aa *-. ikir«? 
fct Ehe Maryland EiectmttK; Mat5bia.C£afia|f Cotnpany, where fe foCuSfed 

; ptimariti on evaluating mstrumt-w bndin.t; ivjwtns. Mr. Otvcns is the invt-nt« : 

>i*: täte LiÄ*T>ti teret mafinet;if,«er destrilx'd m this article.' His e-a;«l addi*s? 
is ßlVENRBl:©il,.«ill.e<ilu 

188 JOHNS HOPKINS APL TECHNICAL DIGEST, VOLUME 20, NUMBER 2 (1999) 



DEVELOPMENT OF THE HOPKINS XYLOPHONE BAR MAGNETOMETER 

ROBERT ÖS! Abä DER h .1 physicist in the. SenAorScitTics Group .it' the API 
Re-searcJrsrkd.Tvchnok'Rv EV'etopnwnf Center- Hseanied tin M-S it» W<% und 
a Ph.D. in 1991, k-*h in phvst«, fr.ui. the Technisch« Universität■ Mjmctwn ; 

: rn.  SluiViet»,:; Gfcmany,   where   fie   worked  tin   thermal wave   spcirtn^opy. :; 
He j«ned:th<? Materials ;xi<?»ce Gmu? at APL as a postdoctoral t*llmv in 
t«l   sind   hetsmc   a   roeroher   of  the  Sfenfor   ]V>i«s*i.>ir;>l   Suit   itt. J»>5. ; 
IV  0>uruter- ntuu •> c<rv» i-.rw«ir- e*lii  rke juvd-ipmo r   ii um.r.i 
« JVB ,uui Thu4jih ajj h»v. '<\\n>oi« Mr r.nr '«.^rfi«. ri» c <-v„lt;nti,ifi ar- ! ttMwrwI» 
vltilUhFtlU'l H.. "IIL;   -ii^llül   ","U.'.A    I.    PM«;llr.'   lit M L >| Mil lir  -',.S Ti',nil^' 

features*   efetttdtnagftSIk   ui«:£atelö&   Wfth   1>iotögiC3i.   S'JStenM,   äüd   the- 
niedres!   apjifieatiam.   of   tlienn-Qgiafaiir.   raethre&u.   Mis   e-mail   address,  is. 

JÖHl^f 1. CrlAM^JÖt^ reeetvect. a BiA. degree m physics from Ae University 0/ 
Vfegaaa m 19%9 sad m. MS, andBt.Dt fern Th« jolais Höpfcais Umveraiy in 
fliatendk äfcieruSe aftd efigme&riBg *ft i.995   atid  iSSS,   Ka^etStfety, Before 
"(«Hi je 'u •* ■J:. .1 :,< w 1. trwrtowJ !■■ Sunn   VJiutMi  l:'t~n.i 
tsosaiCarp., where h.« favsstfgated ^«Efec« of fadSaaoamsfecttw&c systems, 
.v   1, VHVI .". j. ii.i i   \11  i.^r »[TIIH;  •■»  1 [HI    tvw-il ,      ,1 kll M  1^ tin 
$«WOT $«eo» Cw«p -of fta Research üm<3 Twbjo-fogy Pevefoprs.en.fc Cfeawr- 
Ml* 11. ,<'.  t.AW in.luJi J<ft»ijii,nKk lM.u., .11 i,Kini K.V'i:-'iiin  .'"S'it.'S 
Itvi.i^    >■ *   <-i  \iv".'ih    Hi-, I-III ill ,i,Lire «-.+-. j.<; ■ <IMIII;'I.' -^ jlin fj        n 

DAVID A. LÖHR is a meiuW of ÄPfs Principal FtofessKaial Staff. Me receive*} 
A V> 11. ['.', h ■-: iKt r, <. I .ivc:-.i" . ; V.&, F - 1 m i°7 *  P< r.»u> v. >nti» tt> 
Ari,f. !^-^ -i v.,'»>.!„• \'i>.-:. , :^M . .ii->.n> \fn<.n.-i vk * *tjn u ut 
.i,äin»'¥(i -''.L hej.iNi.«,«.«--!., t-i«U-lv i.'Kjt':'.«K.! "-lu* Nh \K V. .c«.f> Jm-tir 
fcv,-C)i'-u»r Mr J, h: i turfti:l. d« kjjt\jici»ef tm T!U .\Ck hi'V*! J'un.le 
KJV'IJ-II ■!   Ht ,1M;

1
 ,'Ki/fv'i    I'W )-\" •}■ ,.',i II.U1 l'ii   HI» i'i <-,; j"i">. His 

■e^taati access k da-wdJohr^huBpiedii. 

JOHNS HOPKINS APL TECHNICAL DIGEST, VOLUME 20, NUMBER 2 (1999) 189 



INTERNET DOCUMENT INFORMATION FORM 

A . Report Title: Development of the Johns Hopkins Xylophone Bar 
Magnetometer 

B. DATE Report Downloaded From the Internet:   07/12/99 

C. Report's Point of Contact: (Name, Organization, Address, Office 
Symbol, & Ph #): AFRL/PA 

1864 4th St., Suite 1 
Wright-Patterson AFB, OH 45433-7131 

D. Currently Applicable Classification Level: Unclassified 

E. Distribution Statement A: Approved for Public Release 

F. The foregoing information was compiled and provided by: 
DTIC-OCA, Initials: _VM_ Preparation Date 07/12/99 

The foregoing information should exactly correspond to the Title, Report Number, and the Date on 
the accompanying report document. If there are mismatches, or other questions, contact the 
above OCA Representative for resolution. 

19990712 083 


