
 

Abstract––This paper presents conceptual ideas for an 
ultra-high speed spinning ball motor with a target speed in 
the range of several tens of million rotations per minute. 
The research should prepare the next generation of ultra-
high speed motors. The focus of this work is to investigate 
physical limitations and discuss feasible concepts for the 
realization of such drive systems. One major issue is the 
analysis of the mechanical stresses occurring in the rotor 
during centrifugal rotation with focus on the rotor shape by 
using 3D FEM simulation tools. Furthermore, magnetic 
levitation concepts for a friction-less bearing system are 
presented and discussed. Two alternative concepts for the 
position sensing system, which is necessary for detecting the 
rotor position for the magnetic bearing, are presented and 
compared. Finally, a first motor prototype is presented to 
offer basic behavioral insights into the system and its 
stability.  

 
Index Terms–– ultra-high speed drive, spinning ball, 

asynchronous machine, magnetic bearing. 
 

I.  INTRODUCTION 

The very high rotational speeds of small motors along 
with the miniaturization of electrical equipment, makes 
them of increasing interest. Wherever a compact, 
accurate, and light-weight solution is sought, e.g. for 
gyroscopes, centrifuges, drilling devices and in the area 
of material examination techniques of equipment, these 
systems have potential for use.  

There has been considerable activity in this field of 
research during recent years. Fig. 1 shows several high-
speed systems with respect to their power range which 
have been realized. A first 1 million rpm / 100 W spindle 
drive (cf. Fig. 2) was developed recently at the ETH 
Zurich [1]. This was a first break-through into the million 
rpm speed drives and has opened up a whole new range 
of possible applications. 

However, for the utilized technology (ceramic ball 
bearings, permanent magnet rotor, spindle size), the 
mechanical, thermal and electromagnetic limitations will 
not allow significantly higher rotation speeds. A ball-type 
motor in vacuum [2] recently reached 2.88 million rpm. 
This paper presents concepts for achieving an ultra-high 
speed drive system in the range of 10 million rpm and 
more, and investigates effects and limitations on the way 
there.  

As one main obstacle for the achieving these ultra-high 
rotation speeds is friction, contactless magnetic 
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Fig.1  Trends and application areas for ultra-high speed drive systems. 

 
bearing concepts will be investigated in this  
paper. A vacuum hose can be employed with these, 
reducing the air friction losses to nearly zero. As for the 
second challenge, the inner centrifugal stresses, the paper 
presents considerations as to how to reduce them by 
appropriate selection of rotor shape, size, and material. In 
any case, the rotor must be ferromagnetic in order to be 
able to levitate it, and as the rotor has to be very small to 
keep centrifugal stresses low it must be made out of one 
piece of material. These conditions lead to the 
asynchronous motor as preferred electrical machine 
concept [3], where induced surface eddy currents 
generate the drive torque in combination with the 
impressed stator field.  

This paper contains considerations and discussions 
relevant for the realization of such a multi-million 
spinning ball motor, covering the areas of the magnetic 
bearing system (section II), the drive concept (section 
III), the ideal rotor shape based on the analysis of the 
mechanical stress of the rotor (section IV), and the 
position sensor system (section V). A prototype system 
(section VI) will prove the basic functionality. 
 

 
Fig. 2  Realization of a 1’000’000rpm / 100W high speed drive system 
developed at the ETH Zurich [1] including motor and electronics.  
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II.  BEARING CONCEPTS 

Several configurations are possible for the magnetic 
bearing of a small rotor made out of ferromagnetic 
material.. The advantages and drawbacks of the various 
concepts are briefly summarized below.  

The rotor spins around the z-axis, also referred to as 
the vertical axis. The radial position describes the 
location of the rotor in the xy-plane. The rotor is modeled 
as a sphere for the sake of convenience. Other rotor 
geometries will be investigated in section IV. By using 
magnets on the drive core, as shown in Fig. 3, the z-
position of the rotor is passively stabilized. A bearing 
system needs to be integrated into the drive coils to 
control the x- and y-position actively as the rotor is 
unstable for this configuration in these axes. The 
advantage of this setup is that disc-shaped rotors as well 
as spherical rotors can be levitated without any further 
adaption of its geometry. Long cylinders in z-direction on 
the other hand are unsuitable for this configuration due to 
their tilting tendencies [4]. 

If damping in the z-direction proves necessary to keep 
the rotor stable, additional software adjustments have to 
be made to be able to control the stiffness of the bearing. 
This may be done by feeding all drive coils with an 
additional current in the same direction. 

Fig. 4 shows a way of keeping the rotor in the center 
by controlling only the z-position. The peak of the 
bearing core defines the preferred location in xy-plane. 
 

 

 
Fig. 3.  Configuration using magnets to passively stabilize the rotor in 
vertical (z-) direction and actively control the radial (xy-plane) position 
(bearing and drive units in x-direction are not shown). 

 

 

 
Fig. 4.  Configuration using the peak of the bearing core to passively 
stabilize the rotor in the radial xy-plane and actively control the vertical 
(z-) position (bearing and drive units in x-direction are not shown). 

Bearing currents can be superposed with the drive 
currents in the drive coils with advantage in order to 
actively damp radial oscillations, which might occur in 
this setup due to the lack of passive radial damping. 
Rotors with a long cylindrical shape in the z-direction can 
be levitated, however disc-shaped rotors need an 
adjustment in their geometry (as e.g. bump, see Fig. 8 
(d)) to make levitation possible. 

A slight variation of the configuration described above 
is shown in Fig. 5. This setup requires the control of the 
rotor position in all directions, as the center position is 
not a favored position. Any rotor shape can be levitated, 
but an additional effort has to be put into the software to 
allow the integration of the bearing into the driving coils 
(superposed current). All the damping of rotor vibrations 
has to be active. 

To make passive damping possible, a ferromagnetic 
damping needle can be integrated into the setup as shown 
in Fig. 6. The preferred position of the rotor is then 
defined by the upper end of the needle due to the field 
concentration above it. The needle has to be slightly 
moveable in the radial directions, but has to be damped 
mechanically or electrically at the bottom. Nonetheless, 
all three degrees of freedom can be controlled separately. 
In addition, any rotor shape can be levitated using this 
configuration. In order to make the damping needle work 
properly, the lower part of the rotor must be round-
shaped. 
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Fig. 5.  Configuration to control all degrees of freedom by active 
bearing units (bearing and drive units in x-direction are not shown). 
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Fig. 6.  Configuration to control all degrees of freedom plus introducing 
passive damping by using a damping needle. Eventually, radial bearings 
may be omitted (bearing and drive units in x-direction are not shown) 



 

III.  DRIVE CONCEPT 

The utilized drive concept is an asynchronous machine 
type. A rotary field is applied on the rotor while it is 
being levitated. Due to the changing flux through the 
rotor eddy currents occur on the surface of it. These 
currents and the applied rotary magnetic field produce 
torque acting on the rotor. The torque generated this way 
accelerates the rotor to a speed near to the rotary speed of 
the rotary magnetic field, where the friction losses and 
the input power become even. 

IV.  STRESS ANALYSIS OF THE ROTOR 

The maximal stress σvM,max occurring in the center of 
the rotor can be calculated as  
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where K is a shape factor describing the dependency of 
the occurring stresses on the geometry of the rotor, ρ is 
the density of the rotor material, d is the diameter of the 
rotor and ω is the rotational speed in rad/s [2]. 

According to this formula the material as well as the 
shape of the rotor influences the maximal rotational 
speed. In order to prevent the explosion of the rotor, the 
maximal stress of the rotor σvM,max has to be smaller than 
the yield strength of the rotor material. The goal of the 
stress analysis is to reveal how to reduce the maximal 
occurring rotor stress σvM,max by adjusting the geometry of 
the rotor, in other words, finding a physically reasonable 
shape with the smallest possible shape factor K. The 
selection of the material is treated subsequently. 

The following points apply for simulations calculating 
the centrifugal forces of the rotor, unless specified 
otherwise: 

• Hook’s law is also valid above the limit of elasticity: 
The stress-strain curve of the material is linear so the 
load limit of the material is disregarded. Thus, a stress 
value is determined which the material in reality only 
may bear if it is below the yield strength. A stress 

value above the yield strength leads to hardware 
failure. 

• Material density: ρ = 7850 kg/m3 (steel) 

• Target revolution speed: n = 25 million rpm 

• Diameter: d = 0.8 mm 

The mechanical stress distribution occurring in a 
spherical rotor is shown in Fig. 7 with the parameter 
described above. The stress distribution is calculated 
using 3D FEM analysis in SolidWorks™. As can be seen 
in Fig. 7, the maximum stress occurs in the ball center 
and decreases to approximately 1/3 of the maximum 
value towards the radial direction, while the stress drops 
off to nearly zero towards the axial direction.  

This already gives an indication that with geometrical 
variations an improvement is probably possible. Thus, 
various different rotor geometries have been analyzed 
 

 

 
Fig. 7.  Stress distribution in a spherical rotor (d = 0.8mm, 
n = 25 million rpm, δ = 7850kg/m3). 

TABLE I.  DEPENDENCY OF THE MAXIMAL STRESS OCCURRING IN THE ROTOR DURING HIGH SPEED ROTATION ON THE ROTOR GEOMETRY 
(n = 25 million rpm, δ = 7850kg/m3). THE SPHERICAL (BALL-TYPE) SHAPE IS INDICATED IN BOLDFACE. 

l [mm] l/d 

σvM,max [GPa] 

Cylinder shapes 
Ellipsoid shapes 

with 2nd order spline profile No chamfered edges 
(rA = 0) 

Chamfered edges  
with rA = min(l/2;d/2) 

0.04 0.05 3.531 3.458 3.231 
0.15 0.1875 3.556 3.291 2.348 
0.2 0.25 3.579 3.227 2.587 
0.4 0.5 3.655 3.290 3.273 
0.8 1 3.384 3.649 (ball-type) 2.956 
1.6 2 3.347 3.277 3.116 
4 5 3.353 3.277 3.018 

 



 

regarding their occurring mechanical stresses at the 
specified target revolution speed, whereby the following 
geometrical parameters have been used: 

•   l: length of the rotor in z-direction (i.e. the height) 

•   d: rotor diameter 

•   rA: radius used to chamfer the edges, whereby 
rA = min(l/2;d/2) is used exemplarily. 

Table I shows the centrifugal stresses σvM,max calculated 
for different rotor geometries for a constant rotor 
diameter d = 0.8 mm and different rotor heights l. Some 
selected examples are shown in Fig. 8. The results will be 
discussed below. 

It seems that high cylinders (l/d > 1) are generally 
more advantageous than disc-shaped rotors (with l/d < 1). 
for the basic cylindrical rotor forms (without any 
chamfering of the edges), Especially, l/d = 0.5 proves to 
be a very disadvantageous selection. 

The situation changes, if the rotor edges are chamfered 
with rA = min(l/2;d/2), which results in rotor shapes as 
shown in Fig. 8(a) and (b). The best form here is a disc-
shaped rotor with l/d = 0.25, where the maximum 
occurring stress is reduced by about 10%, while the high  
 

 
Fig. 8.  Rotor profiles used in simulations for calculating centrifugal 
stresses. 

TABLE II.   MAXIMAL REVOLUTION SPEED nmax FOR DIFFERENT ROTOR 
MATERIAL AND ROTOR SHAPE (d = 0.8 mm). 

Material Density ρ 
[kg/m3] 

Yield 
strength 
σY [GPa] 

Maximal revolution speed 
nmax [million rpm] 

Spherical 
rotor 

Disc rotor (2nd 
order spline) 

AISI 440C 
(steel) 7850 1.9 18.0 22.5 

Metallic 
glass 7800 5 29.4 36.6 

Carbon 
nanotubes 1400 10 98.0 122.2 

 
cylindrical shapes are not improved significantly by 
chamfering. Rounding off the edges of a cylinder with 
l/d = 1 surprisingly, even has a negative impact.  The 
centrifugal stress is increased by about 8% for this shape, 
which is then identical to a spherical (ball-shaped) rotor, 
and results in the aforementioned value 
(σvM,max = 3.649 GPa, cf. Fig. 7). 

If splines are used to chamfer the edges [cf. Fig. 8(a) 
and (c)] the maximal stress can be reduced by an even 
greater extent throughout all rotor geometries, e.g., for a 
2nd order spline a disc-shaped rotor with l/d = 0.1875 the 
reduction of the maximal stress with respect to the 
original disc shape is 34%. 

Thus, by carefully choosing the rotor profile the 
maximum stresses occurring in the rotor can be 
substantially reduced. It must also be considered that 
disc-shaped rotors (l/d < 1) are more suitable for high 
speed rotation than high cylinders (l/d > 1) due to the 
danger of bending high cylindrical shapes at high 
rotational speeds [4].  

Taking all these considerations into account, a disc-
shaped rotor with appropriate shaping of the edges is 
most preferable from the viewpoint of mechanical 
stability, but requires a rotor shape adaption at the top 
[i.e. a bump as shown in Fig. 8(d)] in order to make 
stable levitation feasible for some bearing concepts. 

A spherical rotor, on the other hand, has clear 
advantages concerning the mechanical fabrication process 
as well as the magnetic bearing properties. However, it is 
characterized by clearly higher centrifugal stresses. 

Table II shows the maximum achievable revolution 
speed nmax with different rotor material and shapes for a 
given rotor diameter d = 0.8 mm. Unfortunately, not 
every material is suited for magnetic bearings, as it must 
be ferromagnetic. This is why carbon nanotubes are out 
of the question. In addition, precise geometry is required. 
Metallic glass has to be cooled down quickly during the 
production process (from 10−1 K/s until 107 K/s [4]) to 
maintain its amorphous structure, which makes – at least 
at the moment – precise material forming impossible. 
Common steel seems to be the best choice. Spherical 
rotors used for mechanical bearings can be purchased 
commercially down to the size of half a millimeter. 



 

V.  SENSOR CONCEPTS 

Especially two sensor types are convenient to 
determine the rotor position in the setup of the high speed 
motor, namely eddy current sensors and optical laser 
sensors. The advantages are in their high precision and 
fast response time (high bandwidth) and the fact that they 
are unlikely to interfere with environmental conditions 
such as the temperature, pressure and leakage fields. 

Eddy current sensors can be used in an arrangement 
below the rotor, as shown in Fig. 9. By adding the signals 
of all four coils the z-position is calculated. By looking at 
the difference of the signals of two oppositely placed 
sensor coils the x- and y-position of the rotor can be 
determined. If only the z-position is needed to keep the 
rotor in place, one sensor coil directly beneath the rotor is 
sufficient. 

An advantage of eddy current sensors is that they can 
measure through any non-conductive material. This can 
be of significance, if the rotor is encapsulated from the 
rest of the motor in a vacuum hose. Its resolution, 
however, is extremely dependent on the distance between 
the rotor and the sensor coils. In addition, in order to 
detect the rotor position fast enough to make active 
damping possible, the excitation frequency of the coils 
must be at least twice as high as the rotational speed, 
which is a consequence of the sampling theorem. In 
practice, the excitation frequency is preferably chosen at 
least ten times higher than the rotational speed. The skin 
effect and the parasitic capacitance of the excitation coils 
at high frequencies limit the excitation frequency to about 
10 MHz. 

By using laser modules and photosensitive quadrant 
diodes the rotor position can also be determined. Fig. 10 
shows the principle of how the measurement works. A 
laser beam is aimed at the rotor, while the projection of 
its shadow is detected on a quadrant photodiode. By 
calculating the difference of the signals coming from 
opposing surfaces of the quadrant diode the x-, y- and z-
position of the rotor can be determined. A maximum of 
two degrees of freedom (in Fig. 10 x- and z-position) can 
be measured for one pair of a laser module and a 
photodiode, as the projection of the shadow only moves if 
the rotor is moving perpendicularly to the laser beam. 
Between the rotor position and the four signals A, B, C 
and D following relation applies:  

 )( DACBx +−+∝  (2) 

 ( )DCBAz +−+∝  (3) 

The y-position can be determined in a similar way 
with the use of a second pair of laser module and 
quadrant photodiode positioned perpendicularly to the 
one shown in Fig. 10. 

The rotor has to be visible to the laser module and the 
diode to be able to use this sensor type The advantage 

                          
Fig. 9.  Arrangement of four eddy current sensor coils underneath the 
rotor to determine the rotor position in all directions. 

 

 
Fig. 10.  Measurement principle of the optical sensor composed of a 
laser module and a quadrant photodiode. 

 

of optical sensors is that they do not to interfere at all 
with the electromagnetic field originating from the motor 
drive. 

VI.  EXPERIMENTAL TEST SETUP 

In order to verify the aforementioned considerations a 
first prototype system has been designed and built. The 
objective of this system is to investigate basic magnetic 
bearing properties, the sensor system, the effect of high-
order harmonics originating from the drive coils on the 
rotor stability and the effect of passive and active 
damping on radial rotor vibrations without 
miniaturization issues. Thus, the whole system has been 
enlarged. As rotor diameter of 4 mm instead of 0.8 mm 
has been chosen. Very large stator system and air gap 
clearance have been chosen in order to allow the testing 
of various sensor configurations. As a 3D FEM analysis 
using the Maxwell 3D™ simulation tool revealed, the 
large clearances cause a nearly perfectly sinusoidal field 
distribution (with sinusoidal current feed of the drive 
coils), which allows the analysis of the effect of higher 
harmonics of the drive system on the rotor stability. 
Obviously, this design is a preliminary one, which only 
allows rotation speeds in the range of 100’000 rpm.  

In the following, the specifications and considerations 
for the first prototype are listed: 

• The drive core dimensions are: hs = 8 mm, ws = 9 mm 
and δ = 10 mm (cf. Fig. 11). 

• The rotor diameter is chosen to be 4 mm. However, the 
setup also allows levitating and rotating smaller rotors. 

• Air gap δb: The air gap between the rotor and the 



 

     
Fig. 11.  Parameters describing the configuration of the prototype. 
 

bearing core δb can be continuously varied from 0.3 mm 
up to about 10 mm. 

• Optical and eddy current sensors: The architecture 
allows the integration of both optical sensors as well as 
small eddy current sensors (four sensor coils arranged 
in a circle or a sensor coil in the center below the rotor). 

• Damping mechanism: Under the rotor cap there is 
enough space for the integration an additional 
stabilization and damping mechanism (needle in fluid 
or the like).  

• Encapsulation of the rotor: The possibility of 
encapsulation provides additional protection against 
flying particles of the rotor. It also reduces the 
sensitivity of the photodiodes to the outside world. 

Fig. 12 shows the prototype with the rotor (d = 4 mm) 
being levitated. Fig. 13 shows magnetic bearing and drive 
currents at a rotation speed of 60’000 rpm. The rotor 
speed was determined by measuring reflections of the 
rotor which was possible due coloring one half of the 
surface with a conventional marker (cf. Fig. 12). 

The experiments have shown that the rotor can be 
passively stabilized very well in the xy-plane by using a 
damping needle placed underneath the rotor. 
Furthermore, high-order harmonics above 100 Hz do not 
excite any rotor instability. This relates to the fact that for 
a future design the creation of a purely sinusoidal 
magnetic field is not a requirement.  

 

 
Fig. 12.  Prototype of the high speed motor (d = 4 mm). 

rotor speed
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Fig. 13.  Drive and bearing currents for a rotor (d = 4 mm, with passive 
damping by damping needle) stably spinning at 60’000 rpm. 

 
The investigation also showed that iron losses become 

considerable already at comparable low frequencies. At a 
rotary field of 1.5 kHz and a magnetic field density in the 
drive cores of 1 T the temperature reaches 50°C 
(switching frequency: 35 kHz). Therefore, in a future 
design the possibility of iron-less drive cores should be 
evaluated carefully. Both sensor systems worked 
satisfactory for the position detection, however, the 
optical sensors were preferred due to their better signal 
quality independently of the electromagnetic environment 
and their better handling. 

VII.  OUTLOOK 

Based on these experiences, a future design can 
already directly target the ultra-high speeds in the range 
of several millions of rpm. This requires a re-design of 
the drive system (possibly without iron material), a 
significantly smaller motor construction, which, however, 
still allows the integration of a vacuum hose. These tasks 
will be performed in the course of research and will be 
reported in a future publication. 

 

REFERENCES 

[1] C. Zwyssig, J.W. Kolar, S.D. Round, “Megaspeed Drive 
Systems: Pushing Beyond 1 Million r/min,” IEEE/ASME 
Trans. Mechatron., vol. 14, no. 5, pp. 564-574, Oct. 2009. 

[2] A.R. Boletis, “High Speed Micromotor on a Three Axis 
Active Magnetic Bearing”, École Polytechnique Fédérale 
de Lausanne, Ph. Diss. No. 3160, 2005. 

[3] J.W. Beams, J.L. Young III, J.W. Moore ”The Production 
of High Centrifugal Fields”, Journal of Applied Physics, 
vol. 17, no. 5, pp. 886–890, 1946. 

[4] L.E. MacHattie, “The Production of High Rotational 
Speed”, Review of Scientific Instruments, vol. 12 p. 429, 
1941. 

[5] A. Inoue, Stabilization of metallic supercooled liquid and 
bulk amorphous alloys”, Acta materialia, vol. 48, no. 1, pp. 
279–306, 2000. 

[6] A. Inoue, B.L. Shen, H. Koshiba, H. Kato, A.R. Yavari, 
“Ultra-high strength above 5000 MPa and soft magnetic 
properties of Co–Fe–Ta–B bulk glassy alloys”, Acta 
Materialia, vol. 52, no. 6, pp. 1631–1637, 2004. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


