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Abstract 
 
The Planck constant, h, is one of the seven fundamental constants 
proposed to redefine the SI.  It has been measured by the watt balance 
experiments since the 1980s. In its early days, the watt balance experiment 
played a vital role in determining the Josephson constant KJ-90 which was 
adopted internationally on January 1, 1990. The development of Josephson 
technology, especially the implementation of the Programmable Josephson 
Voltage Standard (PJVS) in voltage metrology has improved the 
uncertainty of voltage measurement in the watt balance experiment by 
more than two orders of magnitude. The Josephson voltage measurement 
in the watt balance experiment plays an important role in the proposed SI 
redefinition based on a set of fundamental constants. This paper will 
describe a brief history from the original NIST-1 watt balance in 1980s up 
to the most recent development of the NIST-4 watt balance. We will also 
discuss the role of voltage metrology in the watt balance experiments and 
the impact of the SI redefinition to the voltage metrology in the future. 
  
Keywords: Josephson voltage standard, Planck constant, programmable 
Josephson voltage standard, International System of Units (SI), watt 
balance, uncertainty. 
 
1. Introduction 
 

In the mid-1980s the Josephson voltage standard became 
available and practical to maintain and disseminate the volt in 
many national metrology institutes (NMIs). However, the non-
uniformity of national representations of the volt led to different 
values of the Josephson constant KJ = 2e/h where e is the 
elementary charge and h is the Planck constant.  In order to 
achieve consistency of voltage measurements around the world 
[1], the Consultative Committee on Electricity (CCE) of the 
International Bureau of Weights and Measures (BIPM) proposed a 
new value of the Josephson constant KJ-90 = 483 597.9 GHz/V 
starting from January 1, 1990. The determination of the KJ-90 value 
was based on ten experiments using different methods including 
the watt balance experiment carried out at the National Physical 
Laboratory (NPL), the National Institute of Standards and 
Technology (NIST) and other NMIs, as well as by means of the 
volt balance, Avogadro constant, and p  experiments, etc. The best 
uncertainty was achieved with watt balance experiments [1], so 
the weighted mean of the final determination for KJ-90 was 
attributed mostly to the watt balance experiments. The adoption of 
KJ-90 on January 1, 1990 has resulted in many NMIs making 
adjustments to the value of their representation of the volt. The 
U.S. adjustment was a decrease in the volt representation of 9.264 
parts in 106 [2].  

The watt balance has played an important role in establishing 
uniformity of voltage metrology based on determination of the 
Josephson constant KJ-90. With the progress in Josephson 
technology, especially the invention of the programmable 
Josephson voltage standard (PJVS) [3], the uncertainty of the 
voltage measurement in watt balance experiment has improved 
significantly over the last decade. NIST watt balance experiments 
have gone through four generations from 1980s to the present. We 
will describe how the voltage measurement in the watt balance at 
NIST has contributed to the improved watt balance uncertainty 
and eventually will be a critical part of the SI redefinition in 2018. 
Currently the SI volt is represented with Josephson standards via 
KJ-90 but retains an uncertainty relative to the definition of the SI 
volt that is based on equivalence of mechanical and electrical 
power.  Once the SI is redefined based on a set of natural 
constants, including the Planck constant, the volt will no longer be 
a derived unit as in the present SI. Rather, the volt will be directly 

linked to the Planck constant exactly, without the uncertainty due 
to its realization based on the Josephson effect. 
 
2. Evolution of Josephson Voltage Metrology 

at NIST 
 

In 1962 Brian Josephson predicted an exact correlation between 
the voltage generated by two superconductors separated by a thin 
insulator (now called a Josephson junction) and a frequency 
applied across the junction.  This Josephson effect is represented 
by V = nhf/2e, where V is the voltage across the junction, h is the 
Planck constant, f is the frequency in the microwave range, e is the 
elementary charge and n is an integer [4].  In honor of the 
discovery by Josephson, the constant 2e/h is named the Josephson 
constant KJ. The Josephson effect was first used to measure the 
Josephson constant based on the SI volt references maintained in 
the NMIs. Because the SI volt maintained among the NMIs was 
different in 1970s, the Josephson constant value derived and 
adopted by different NMIs was slightly different.   

Fig. 1 shows the timeline of Josephson technology development 
at NIST. In 1973, NIST (formerly the National Bureau of 
Standards or NBS) used Josephson junctions to generate up to 10 
mV and measured the Josephson constant as 483 593.420 
GHz/VNBS, where VNBS was the unit of voltage based on a large 
group of standard cells [5]. This was the beginning of Josephson 
technology for voltage metrology. Fig. 1 shows the milestones in 
the development of Josephson technology since 1973.  

 
 

 
 
Fig. 1.  Milestones of Josephson junction array development at NIST. The “array” 

refers to zero current bias arrays and the “P-array” refers to programmable 
arrays using current biased voltage steps 

 
The practical application of the Josephson voltage standard for 

dissemination of the volt started in 1985, when a 1 V Josephson 
junction array was developed based on zero current biased voltage 
steps [6]. A few years later a 10 V Josephson junction array using 
the same principle of zero current steps was developed. The 10 V 
Josephson voltage standard (JVS) can be used for calibrating 
solid-state voltage standards and linearity measurements of digital 
multimeters. Although the voltage steps generated by the 1 V or 
10 V Josephson voltage standard are quantized, these steps tend to 
“jump” to nearby steps due to electromagnetic interference (EMI) 
in the measurement circuit or environment. This characteristic 
made voltage measurements difficult in noisy environments, such 
as the watt balance experiments. In 1997 a new type of Josephson 
junction array using current biased voltage steps was developed at 
NIST [4]. To distinguish between the JVS’s using the different 
bias methods, we call the zero current bias JVS the conventional 
JVS (CJVS) and the current biased JVS the programmable JVS 
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(PJVS) for its programmability. It took more than 10 years to 
develop programmable Josephson junction arrays from 1 V up to 
10 V [7]. At present the 10 V PJVS is used in many NMIs.  

JVSs have many applications in voltage metrology. The CJVS 
has been used to streamline the volt dissemination chain by 
directly comparing it with the device under test (DUT) such as 
solid-state voltage standard, so that the cumbersome process of 
many transfers from standard cell groups to the DUT can be 
eliminated. The uncertainty of the calibration is therefore 
improved by reducing the number of voltage transfers. The JVS is 
also used to make comparisons with other JVSs, either by using a 
set of transfer standards (Zeners) or by direct comparison between 
two JVSs. Since 1990 the International Bureau of Weights and 
Measures (BIPM) has carried out a series of direct JVS 
comparisons under the designations BIPM.EM-K10.a (1 V) and 
BIPM.EM-K10.b (10 V) under the framework of the mutual 
recognition arrangement (CIPM MRA) [8]. In North America 
NIST has been supporting JVS intercomparisons every 2 to 3 
years since 1990 sponsored by the National Conference of 
Standard Laboratories International (NCSLI) [9]. In addition, 
there are also many regional JVS intercomparisons around the 
world that occur periodically. All of these activities have allowed 
a worldwide uniform representation of the volt with an uncertainty 
of few parts in 1010 at 10 V based on the Josephson effect, and an 
internationally agreed fixed numerical value for the Josephson 
constant KJ-90.  
 
3. Four Generations of NIST Watt Balance 
 

The Watt balance is an experiment to measure the Planck 
constant by balancing mechanical and electrical power. It has 
significant importance for the redefinition of the International 
System of Units (SI) in the near future. The principle of the watt 
balance was first proposed by B.P. Kibble of the National Physical 
laboratory (NPL) in the United Kingdom in 1975 [10]. There are 
many descriptions of the watt balance principle, history, and on-
going experiments around the world available in the literature [11-
12]. In this paper we discuss the importance of Josephson voltage 
metrology in the watt balance experiment and its contribution to 
better measurements of the Planck constant and the redefinition of 
the SI planned for 2018.  

Beginning in the mid-1980s NIST started the first of four 
generations of watt balance experiments. Table 1 lists the most 
significant changes in each generation and the main features 
related to voltage measurement.  
 
Tab. 1. Four generations of NIST watt balance 

 

Generation Type of magnet Environment 
Voltage 

reference 
Purpose 

Operating 
years 

NIST-1 Electromagnet  In air US Legal 
volt 

Measure h 
based on 
US Legal 
volt 

From 
1985 to 
late 1980s 

NIST-2 Superconducting 
magnet (0.1 T) 

In air Zener 
and 
CJVS 

Measure h 
based on  
KJ-90 

From late 
1980s to 
late 1990s 

NIST-3 Superconducting 
magnet (0.1 T) 

In vacuum PJVS-
W1  

Measure h 
based on 
KJ-90 for 
new SI  

From late 
1990s to  
2013 

NIST-4 Permanent 
SmCo magnet 
(0.5 T) 

In vacuum PJVS-
W2  

Realize 
mass for 
redefinition 
of new SI 

From 
2010 and 
on-going 

 
 
4. Voltage Metrology in Watt Balance 

Experiments 
 

In all generations of the watt balance experiment, there are two 
measurement modes: velocity mode and force mode. In the 

velocity mode, a coil is moved in a magnetic field as shown in 
Fig. 2, generating a voltage that is measured against a reference 
voltage. In the force mode, a current passing through the same coil 
(stationary) in the same magnetic field shown in Fig. 3, generates 
a force that balances the gravitational force of a known mass. The 
current is measured by the voltage drop across a known resistor 
(traceable to Quantum resistance standards via the von Klitzing 
constant) against the reference voltage.  

 
 

 
      
Fig. 2.  Voltage measurement in velocity mode               

 
 

 
 
Fig. 3.  Voltage measurement in force mode 

 
Over the course of four generations of watt balances the 

reference voltage was changed from the US legal volt based on  
a group of standard cells, to solid-state voltage standards 
calibrated by the NIST CJVS, and most recently to the PJVS. For 
each step change, the reference voltage uncertainty was improved. 
Aside from the voltage measurements, other improvements to the 
watt balance experiments including better velocity measurements, 
better alignment, reducing buoyancy by changing the balance’s 
operating environment from air to vacuum, and measurement of 
the local gravitational acceleration, all contributed to the reduction 
in the uncertainty of the Planck constant as listed in Table 2. This 
makes it clear that voltage uncertainty is important but not  
a dominant part of the total uncertainty. 
 
Tab. 2. Uncertainty of voltage measurement and the Planck constant h 

 

Generation
Voltage 

reference 

Uncertainty of 
h owing to 

voltage 
measurement 

(nW/W) 

Uncertainty of 
h owing to all 

other 
components 

(nW/W) 

Total 
Combined 

Uncertainty 
of h (nW/W) 

NIST-1 US Legal Volt 150 1321 1330 

NIST-2 Zener and CJVS 30 82 87 

NIST-3 PJVS-W1 1 45 45 

NIST-4 PJVS-W2 1  in progress 

 
Great improvements in the uniformity of voltage metrology 

were achieved after the implementation of       KJ-90 around the 
world. It also brought direct benefit to the voltage measurements 
in the watt balance experiments, because the voltage reference was 
traceable to a CJVS. However, it was difficult to use the CJVS 
directly for voltage measurement in the watt balance. The coil 
used in the NIST watt balance has a physical radius of 31 cm, 
which behaved like an antenna picking up the EMI from the 
environment. The voltage step of a CJVS cannot be maintained at 
a fixed value due to EMI from the coil and other noise sources. 
For the NIST-2 watt balance the voltage was measured against  
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a solid-state voltage standard (Zener) that was in turn calibrated by 
the CJVS. The uncertainty of the voltage measurement in this 
process was improved substantially from 150 nV/V for the NIST-
1 to 30 nV/V for NIST-2. Further improvements to the voltage 
measurement uncertainty were limited by the intrinsic noise of the 
Zener standard.    

The successful deployment of the PJVS into the NIST 
calibration service also brought great benefit for watt balance 
experiments. The superior noise immunity of the PJVS voltage 
step made it possible to measure voltage directly against the PJVS 
in both force mode and velocity mode. The PJVS was first used in 
the NIST-3 watt balance. A direct comparison between the PJVS 
for watt balance (PJVS-W1) and the PJVS for the Volt Lab 
(PJVS-V) was carried out in 2012 to verify the consistency of 
their performance at several voltages. An automatic comparison 
protocol was developed to acquire data using a digital 
nanovoltmeter as the null detector, as shown in Fig. 4. The 1/f 
noise floor of the null detector is used as the Type A uncertainty 
when the standard deviation of the mean of all data points 
becomes lower than the 1/f noise floor [13]. The results of the 
direct comparison at several voltages are listed in Table 3.  

The latest watt balance, NIST-4, was constructed in preparation 
for the SI redefinition and the realization of mass through an exact 
value of the Planck constant. A new PJVS, PJVS-W2, is used for 
the voltage measurements in NIST-4. The difference between 
PJVS-W1 and PJVS-W2 is the more readily duplicated bias 
electronics used for PJVS-W2. The bias electronics used for 
PJVS-W1 of NIST-3 is custom made and powered by a group of 
batteries. The PJVS-W2 of NIST-4 uses commercial 
instrumentation, a National Instruments NI PXI-1042Q chassis 
with 6 PXI-6230 multifunction cards1 along with custom-designed 
voltage-to-current converters to provide the bias currents to each 
cell on the array. In order to meet the requirement for leakage 
resistance of the system to ground for achieving voltage 
measurement uncertainty better than 1 part in 109, an air gap 
isolation transformer is used to power the PJVS-W2 PXI chassis 
and current bias electronics. This increased the leakage resistance 
of the PJVS-W2 from 48 GΩ to 120 GΩ relative to PJVS-W1 to 
meet the requirement for the NIST-4 watt balance experiment [14]. 
 
 

 
 
Fig. 4.  Setup of an automated comparison between PJVS-W1 and the PJVS-V 

 
The progress in voltage metrology over the last 20 years, 

especially the development and implementation of the PJVS for 
the voltage measurement in the watt balance has played a critical 
role in improving the uncertainty of the Planck constant 
measurement.   
 
 

                                                     
1 Certain commercial equipment, instruments, or materials are identified in this report 
to facilitate understanding. Such identification does not imply recommendation or 
endorsement by NIST, nor does it imply that the materials or equipment that are 
identified are necessarily the best available for the purpose. 

Tab. 3. Comparison results between PJVS-W for watt balance and PJVS-V  
for the Volt Lab 

 
Voltage (V) PJVS-V –

PJVS-W1 
(nV) 

No. of 
data 

points

Standard 
Deviation 

of the 
mean (nV) 

DVM 
1/f 

noise 
floor 
(nV) 

Type B 
Uncertainty 

(nV) 

Combined 
Uncertainty  

uc (nV) 

0.748812185 0.05 52 0.28 0.37 0.11 0.386 

1.017920053 0.00 251 0.17 0.37 0.14 0.396 

1.250179126 -0.29 135 0.25 0.37 0.18 0.411 

0.000000000 0.18 347 0.18 0.37 0.01 0.370 

 
 
5. Conclusion 
 

Early watt balances used for the measurement of the Planck 
constant laid down the foundation for the uniformity of voltage 
measurement based on a defined value of the Josephson constant 
KJ-90. In the following years the development of Josephson 
technology has helped the watt balance experiments improve the 
uncertainty in voltage measurements by more than two orders of 
magnitude. The most recent results for Planck constant 
measurement by watt balance experiments and Avogadro constant 
measurement by the International Avogadro Coordination (IAC) 
[15] have led the long-discussed proposal of SI redefinition to an 
almost certain reality in 2018. The new SI, based on a set of 
natural constants including the Planck constant, will have 
significant impact on voltage metrology. The convergence of 
recent results predicts a value for KJ of around 1 part in 107 below 
the KJ-90 value. For the uncertainty of a JVS at few parts in 1010, 
the change would be a significant adjustment for voltage 
metrology. The change of the value for the volt would be seen 
along the dissemination chain, especially for those who well 
maintain their reference based on solid-state voltage standards. 
However, the benefit of the change is that the unit of the volt 
based on the new value of Josephson constant will be directly 
linked to the SI with zero uncertainty.   
 
6. References 
 
[1] Taylor B.N. and Witt T.J.: New International Electrical Reference 

Standards Based on the Josephson and Quantum Hall Effects, 
Metrologia, vol. 26, pp. 47 – 62, 1989. 

[2] Belecki N.B., Dziuba R.F., Field B.F. and Taylor B.N.: Guidelines for 
Implementing the New Representations of the Volt and Ohm Effective 
January 1, 1990, NIST Technical Note 1263, June 1989. 

[3] Hamilton C.A., Benz S.P., Burroughs C.J. and Harvey T.E.: SNS 
Programmable Voltage Standard, IEEE Trans. Appl. Supercon. vol. 7, 
pp. 2472–2475, 1997. 

[4] Josephson B.D., Phys. Lett., 1, 251 (1962). 
[5] Field B.F., Finnegan T.F. and Toots J.: Volt maintenance at NBS via 

2e/h: A new definition of the NBS volt, Metrologia, vol. 9, pp. 155-
166, 1973. 

[6] Niemeyer J., Hinken J.H. and Kautz R.L.: Microwave-induced 
constant-voltage steps at one volt from a series array of Josephson 
junctions, Appl. Phys. Lett. 45, 478, 1984.   

[7] Burroughs C.J., Dresselhaus P.D., Rüfenacht A., Olaya D., Elsbury 
M.M., Tang Y. and Benz S.P.: NIST 10 V Programmable Josephson 
Voltage Standard System, IEEE Trans. Instrum. Meas. vol.60, pp. 
2482-2485, July 2011.  

[8] Solve S. and Stock M.: BIPM direct on-site Josephson voltage 
standard comparisons: 20 years of results, Measurement Science and 
Technology, 23, 2012, 124001. 

[9] Harben J., Tang Y., Parks H. and Wachert J.: The 2014 North 
American Josephson Voltage Interlaboratory Comparison, NCSLI  
MEASURE, vol. 10, No.4, pp.52-58, October 2015. 

[10] Kibble B.P.: Atomic Masses and Fundamental Constants, edited by J. 
H. Sanders and A. H. Wapstra (Plenum, New York, 1976), vol. 5,  
p. 545. 

[11] Steiner R.: History and progress on accurate measurements of the 
Planck constant, Rep. Prog. Phys. 76, (2013) 016101. 



Measurement Automation Monitoring, Feb. 2016, vol. 62, ISSN 2450-2855, no. 02    45 
 

[12] Special issue on “Watt and joule balances, the Planck constant and the 
kilogram,” Metrologia, vol. 51, S1-S140, 2014 

[13] Tang Y., Solve S. and Witt T.J.: Allan Variance Analysis of 
Josephson Voltage Standard Comparison for Data Taken at Unequal 
Time Intervals, IEEE Trans. Instrum. Meas. vol.60, pp. 2248-2254, 
July 2011. 

[14] Tang Y., Seifert F. and Schlamminger S.: Improvement of Leakage 
Resistance of PJVS for NIST-4 Watt Balance Experiment, submitted 
for CPEM 2016. 

[15] Bettin H., Fujii K., Mana G., Massa E. and Picard A.: Accurate 
measurements of the Avogadro and Planck constants by counting 
silicon atoms, Ann. Phys. (Berlin) vol. 525, pp. 680–687, 2013. 

_____________________________________________________ 
Received: 14.10.2015     Paper reviewed     Accepted: 05.01.2016  
 
 

 
 Yi-hua TANG, PhD 
 
Received his Ph.D. in low-temperature physics from the 
University of Florida in 1987. He joined the National 
Institute of Standards and Technology, Gaithersburg, 
Maryland in January 1997. His primary focus is on the 
Josephson voltage standard and its applications in 
metrology.  His research interests include developing 
applications of Josephson technology for dc and ac 
voltage measurements. He is the recipient of a U.S. 
Department of Commerce Gold Medal.  Dr. Tang is  
a member of the American Physical Society. 
 
e-mail: yi-hua.tang@nist.gov 

 
 
 

              



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


