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Abstract-In July 2009, the national standard tool for 

measuring length in Japan changed from an iodine-stabilized 
helium-neon (He-Ne) laser to a femtosecond optical frequency 
comb (FOFC). Owing to the outstanding frequency stability of 
the FOFC, in the near-future General Conference of Weights 
and Measures (Conférence générale des poids et measures: 
CGPM), the FOFC is expected as a new standard tool for the 
International System of Units (SI) of the meter. Because the 
traceability of the meter is the infrastructure for both scientific 
and industrial uses, how to practically perform a distant 
metrology that is directly linked to an FOFC length standard 
tool is the most urgent challenge.   

The basic idea of applying an FOFC’s temporal coherence 
characteristic to an absolute length measurement is simple. 
Motivated by the analogy between monochromatic light source 
and phase-related multi-wavelength light source, in this paper, a 
novel interferometric technique is proposed to measure 
arbitrary length. In the case of a monochromatic light source, 
using the interference, measuring length based on the 
wavelength of light is a general method. In the case of an FOFC, 
using the interference, we propose a method of measuring length 
based on, instead of the wavelength of light, the repetition 
interval between the pulse and the pulse from an FOFC. 

I.  INTRODUCTION 

High precision distant measurement based on a 
femtosecond optical frequency comb (FOFC) was first 
performed by Minoshima and Matsumoto [1] and has been 
examined by various authors using different methods [2-4]. 
As the simplest method, interference method, it has been 
studied by several groups [5-7]. But those approaches were 
not so favorable. This research program aims to develop an 
arbitrary and absolute length measurement method using an 
FOFC for not only scientific inquiry but also manufacturing 
necessity. 

The combination method (for example, combination of 
time of flight method and time domain interference method 
[5]) and the interference method for a discrete length 
measurement [7] were therefore given priority. More suitable 
method for an arbitrary and absolute length measurement has 
now been investigated in this paper, which are based on the 
analysis of the formation of the interference fringes of 
different pulse trains, which proves to be more general to 
those of the other interference methods mentioned.  

Compared with other approaches to single FOFC-based 
interference length measurement, this method being 
mentioned here has a number of novel features. First, as we 
shall see in the experiment chapter, this method owns its 
simplicity. Second, as we shall see in the coming principles 
chapter, by knowing the phases of the different interference 
fringes, this method is possible to measure an arbitrary and 
absolute distance. Finally, one of the great advantages of this 
method results the measurements which are traceable to 
national standards of length, because in July 2009 an FOFC 
was adopted as the national standard tool for length in Japan. 

The remains of this paper are arranged as follows. In 
section 2, we explain the principles, including the temporal 
coherence function (TCF), the formation of the interference 
fringes between different pulse trains, etc. And, we describe 
the concept and implementation of the proposed method. In 
addition 3, we present the preliminary result of the proposed 
method and the hurdle in the current optical system. Finally, 
we give a summary and comment on future works in section 
4.  

II. PRINCIPLES 
In our previous research works [8-17], we partially 

understood and solved some problems concerning how to 
measure length using an FOFC. In this chapter we first 
introduce the necessity and minimum description of an 
FOFC. In what follows we review and summarize our 
previously reported studies on the TCF of an FOFC [8], and 
the formation of the interference fringes between different 
pulse trains [18]. During this part, we also clarify the 
relationship between the proposed method and the 
conventional length measurement methods, such as, 
frequency scanning method, low coherence interference 
method, etc. Finally, we mention the key point which is how 
to express an arbitrary length by the repetition interval 
between the pulses of an FOFC light source instead of the 
wavelength of an ordinary light source, for example, a 
helium-neon (He-Ne) laser. 

A.  FOFC  
For convenience of explanation, we herein briefly give the 

necessity and minimum description of an FOFC, which can 
be found in derails in Ref. [19]. 

An FOFC basically is a pulse laser. In addition, it is an 
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extremely stabilized femtosecond mode-locked pulse laser 
[20]. An FOFC has several points which are different from an 
ordinary pulse laser. The feature of an FOFC can be 
summarized as follows in the time and frequency domain.  

In the time domain, as mentioned above, because of the 
characteristic of a pulse laser, the electric field packet repeats 
at the pulse repetition period RT . When the packet repeats, the 

carrier pulse moves with the center carrier frequency cf  of 

the FOFC, and the carrier phase slips by ceϕΔ  to the carrier 
envelope phase. This stable carrier phase slippage is one 
feature of the FOFC in comparison with an ordinary pulse 
laser. 

In the frequency domain, a mode-locked FOFC generates 
almost one million frequency comb lines which are 
equidistant with the pulse repetition frequency rep 1 Rf T∝ . 
And due to carrier phase slippage, the whole frequency comb 
lines is shifted by the offset shift frequency CEOf . The second 
feature of the FOFC in comparison with an ordinary pulse 
laser is many of the number of the mode. The third feature of 
the FOFC is the equidistant arrangement between the whole 
separated modes.  
 
B.  TCF of an FOFC  

In this part our focus is on the TCF of an FOFC. The 
deriving of expression of the TCF of an FOFC can be founded 
in derails in Ref. [8].   

Herein, we show a simplified explanation. In general, when 
thinking about the TCF, the Wiener–Khintchine theorem is 
the basic. According to the Wiener–Khintchine theorem, we 
have to consider the power spectrum of the light source used. 
The power spectrum of an FOFC can be expressed as the 
multiplication of a comb function and a Gaussian function, 
which can be expressed as  

 

c rep rep rep
( ) ( ) comb( ) , comb( ) ( ) ,

m

P f A f f f f f mfδ
+∞

= −∞

∝ − × ≡ −∑        (1) 

where 
c

( )A f f− is the envelope function of the FOFC power 
spectrum. Since, the Fourier transform of a comb function is a 
comb function, and the Fourier transform of a Gaussian 
function is also a Gaussian function. Based on the 
Wiener–Khintchine theorem, the interferometric signal of the 
correlation function is the convolution integral of the comb 
function and the Gaussian function, and we have  
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From Eq. (2), as a result, it is understood that the TCF 
periodically displays a high temporal coherence peak with the 
pulse repetition period where the pulse trains display a 
high-intensity peak.   

 

C.  Formation of single interference fringes  
The analysis of the formation of the interference fringes 

between different pulse trains has been shown in Ref. [18]. In 
the following two parts we summarize the essential 
expression of the formation of the interference fringes by 
multiple pulse trains. And we also clarify the relationship 
between the proposed method and the conventional length 
measurement methods. 

Generally, in order to confirm the TCF of a light source, we 
simply introduce the light beam from the source into a 
Michelson interferometer. Firstly we split the incoming light 
beam into two parts at the beam splitter. We delay one of the 
dividing two beams relative to the other. And then we 
recombine both splitting beam at the beam splitter to observe 
interference fringes. After performing the time integration, in 
a general case, we obtain the intensity of the recombination 
optical field at the beam splitter as 
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where ( , ; )S x y k is the spectral intensity of the light source, 

( , )a x y and ( , )b x y are the spatial intensity distributions 
resulting from the swings of incident light intensity and 
heterogeneity of mirror reflectance, k is the wave number of 
the incident light, ( , )l x y  is the optical path difference 
between the points of the measured object and reference 
mirrors, and [ ( , )]l x yγ  is the correlation function at each 
point of the measured object. 

It is instructive to clarify the relationship concerning the 
conventional length measurement method, such as, frequency 
scanning method, low coherence interference method, etc. In 
the case of the frequency scanning method, we scan the k  
parameter and obtain ( , )l x y  height information. In the case 
of the low coherence interference method, because of the 
short coherence length of the low coherence source, a 
one-to-one relationship arises between each height of the 
object surface and each peak of the fringe-visibility curve. 
One can obtain the height of the surface ( , )l x y  corresponding 
to the location of the peak of the fringe-visibility curve 

[ ( , )]l x yγ  along the scanning axis. 
The spatial distribution of the light source is also a 

controllable parameter for length measurement indicated by 
Takeda et al. [21] and applied to measurement by Duan et al. 
[22, 23]. 

When introducing an FOFC with a Gaussian spectral 
distribution into the Michelson interferometer, we obtain the 
intensity of the recombination optical field at the beam splitter 
as 
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where 
ref obj

a I I= +  and 
ref

2
obj

b I I= ; 
ref

I  and 
obj

I  are the 
intensities reflected by the reference and object mirrors, 
respectively. And 

coh
L is the temporal coherence length of one 

pulse. 
Many instances have been reported [2, 5-7, 24-30] which 

dealt with the single interference fringes. It is instructive to 
summarize these reported FOFC-based interference 
instances. The basic idea of those reports is that one can 
measure the repetition interval of the pulse train from the 
peaks of two adjacent interference fringes, as mentioned 
earlier in the TCF part, because different pulse trains can 
interfere with each other. This technique is particularly useful 
in measuring discrete length. And the observed interference 
fringes can be indicated by Eq. (4). 

 

D.  Formation of multiple interference fringes  
We shall see below that there are two parameters to control 

an FOFC. The possibility of the length measurement changes 
by the stability of the two parameters. First, we think what 
kind of length measurement is possible when both two 
parameters are constant. 

As expressed in Eq. (4), different interference fringes occur 
between different pulse trains. Thus, the total interference 
fringes are then expressed as the superposition of the different 
interference fringes [18]. Since we discuss the length 
measurement in this work, we only consider the case which 
has been shown in Fig. 1. 
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Fig. 1. Multiple-pulse train interference for length measurement. 
  

As shown in Fig. 1, for a given pulse repetition period RT , 
the relationship of the distances between the reference mirror 
and the two object mirrors 1l and 2l and the absolute distance 
between two object mirrors L  to be measured can be 
expressed as 
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                            (5) 

 
where N  and ε  denote an integer ( 1, 2, 3,N = … ) and an 

excess fraction ( 1 0ε≥ ≥ ), respectively. As expressed in Eq. 
(5), to measure the absolute distance L, N  and ε  should be 
determined. In the what follows we consider how to 
determine N  and ε . 

Note that 
ce

ϕΔ is the phase slippage from pulse to pulse per 

round-trip length 
R

c T× . By considering the interference 
fringes which are resulted in Fig.1, we obtain 
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Eq. (6) indicates that by moving the common reference 

mirror Mref, we can observe the multiple pulse trains’ 
interference (MPTI) fringes. In the case when the MPTI 
fringes are separated, the distance between the peaks of the 
separated MPTI fringes 

12
Δ and the measured length-related 

carrier phase slippage of the separated MPTI fringes 
ce

N ϕ× Δ  
can be presumed from the observed interference fringes. The 
relationships of the distance between the peaks of interference 
fringes 

12
Δ , the integer ,N  and absolute distance between 

object mirrors L  are expressed as Eq. (5). Note that in the 
frequency domain, the offset shift frequency

CEO
f and the pulse 

repetition frequency 
rep

f are the only two key parameters used 
to stabilize an FOFC. The conclusion drawn from the result of 
the theoretical analysis, that is, an FOFC can be used for not 
only an extreme-precision frequency metrology but also a 
high accuracy distant evaluation, is supported by the 
well-connected time- and frequency-domain expressions 

ce CEO rep2 f fϕ πΔ =  and 
R rep

1 ,T f=  which can be found in the 
Ref. [19, 31]. In other words, with the knowledge of the stable 
values of 

CEO
f and

rep
f , in the frequency domain, we can 

perform an extreme-precision frequency metrology, as 
described in Ref. [19, 31], and in the time domain, we can 
perform an arbitrary and absolute distant evaluation by 
calculating N and 

12
Δ  from the separated MPTI fringes. 

As for the above-mentioned discussion, the assumption is 
that both parameters, 

CEO
f  and 

rep
f , are constant. However, in 

some cases, only parameter 
rep

f  might been stabilized in 
result. For example, we correspond in the case when FOFC 
will be sent to each factory through the optical fiber in the 
near future. Because the length of the optical fiber connected 
to each factory is different even if the parameter 

CEO
f  is 

stabilized by the dispatching side, the parameter 
CEO

f  reaches a 

value different at each factory. In addition, the parameter 
CEO

f  
changes by the influences such as the temperature changes, 
earthquakes, etc. When paraphrasing, the measurement will 



be executed when the parameter
CEO

f  is not constant. As 
indicated in Eq. (6), the displacement measurement is 
possible; even only one parameter 

rep
f  is constant. And the 

measurement range without ambiguity is 
R

2c T× .  
In summary, the main advantages of the proposed 

technique are its possibility to measure an arbitrary and 
absolute length. 

 
III. EXPERIMENT 

To shed some light on the question of the reliability of 
proposal method, we perform the following experiment. 
Owing to restricted equipment availability, we cannot 
observe the carrier phase slippage 

ce
ϕΔ for the measurement of 

an arbitrary length by stabilizing and changing the offset shift 
frequency parameter

CEO
.f Regarding the separated MPTI 

fringes, only the measurements of relative distance changes 
are carried out in this experiment. In this chapter we describe 
the set-up of the experimental framework, the basic steps of 
the data process and the result of the performed experiment. 

A.  Set-up 
The experimental set-up is simple, and the optical layout is 

provided in Fig. 2. 
 

MS MR

MO
HM

BS

PD

CL

TL

FOFC
λ=1550 nm

SF

Data

122RcT + Δ

 
 

Fig. 2. Optical layout. FOFC: femtosecond optical frequency comb,  
CL: collimator lens, TL: Tube Lens, BS: beam splitter,  

PD: photo detector, MS: motorized stage, HM: half mirror, MR-O: mirrors. 
 

The optical system is modified from Ref. [10]. In brief, the 
proposed executable optical schematic consists of a 
mode-locked FOFC, a modified Michelson interferometer, 
and system controls. The pulse trains from the FOFC are 
expanded and collimated by a collimator lens and introduced 
into the modified Michelson interferometer. The modified 
Michelson interferometer is a combination of an ordinary 
Michelson interferometer and an unbalanced optical-path 
Michelson interferometer. The ordinary Michelson 
interferometer is composed of a beam splitter BS, a reference 
mirror MR, and an object mirror HM. The unbalanced 
Michelson interferometer is composed of the same BS and 
MR, and a different object mirror Mo to vary the relative delay 
between the pulse trains, which are reflected by the half 
mirror HM. During the measurement, by moving the common 
reference mirror MR of the two interferometers, we could 

observe the following two interference fringes, as shown in 
Fig. 3(a), which are formed for the ordinary and unbalanced 
Michelson interferometer. 

The results for the obtained interference fringes between 
the different pairs of pulses train are plotted in Fig. 3(a) with 
normalized amplitude.  
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Fig. 3. Procedure of data processing 
 

B.  Data process  
Figure 3(a)-(c) illustrate the procedure of data processing. 

To reconstruct TCF from the obtained interference fringes 
and obtain the related optical distance, in summary, the 
computation of the analytical process comprises the following 
steps:  

1. The obtained interference fringe is Fourier 
transformed, as shown in Fig. 3(b). 

2. The unwanted noise has been filtered out by a band 
pass filter, and the peak at Scanf f= + is inverse 
Fourier-transformed into the time domain, as shown in 
Fig. 3(c). 

3. The TCF ( )γ τ
 
can be obtained as the 2 times absolute 

value of the inverse Fourier-transformed value, as 
shown in Fig. 3(c). 

4. Finally, the distance of related TCF s’ peaks is found as 
performed in the conventional white light interference 
method. 

 

C.  Results 
In this section we present the results that have been 

achieved to date on the length measurement. 
The results of the measured lengths and the obtained 

standard deviations are illustrated in Table 1. There is no 
relativity between the data set acquired on the different days. 

As a result, we confirmed that in the current experimental 
environment we have achieved the measurement about 1.5 
meter with tens of micro meters’ standard deviation. In 
another word, we have identified the level of the 
environmental noise and turbulence in the current 
experimental environment. This is the hurdle of the current 
optical system. Compared to the target measurement 



uncertainty, from the above optical experiment, results show 
that the future effort is necessary to make more stability of the 
optical experiment system. 

 
TABLE I 

LENGTHS AND THE RELATED STANDARD DEVIATIONS MEASURED  

AT DIFFERENT TIMES. 

 
IV.  SUMMARY 

In closing, this paper describes a single FOFC based 
method that was developed in order to perform an arbitrary 
and absolute length measurement. 

In the principles chapter, we have introduced the necessity 
and minimum description of an FOFC. In what follows we 
have reviewed and summarized the TCF of an FOFC, the 
formation of the interference fringes between the different 
pulse trains. During this part, we also have clarified the 
relationship between the proposed method and the 
conventional length measurement methods. 

In the experiment chapter, we have introduced the proposed 
experiment set-up and the procedure of data processing. And 
we have achieved measurement results with a several tens of 
micro-meter over about 1.5 meter.  

The proposed experiment set-up is still in development. 
From a point of view of the proposed method, we believe our 
method which offers a lot of potential for arbitrary and 
absolute length measurement. The clear advantages of the 
multiple pulse trains’ interference based length measurement 
over the frames in these length measurement methods is its 
simplicity and possibility to measure an arbitrary and absolute 
length. 

Much work still needs to be done to improve our 
experiment. Future work will be focused on how to decrease 
the environmental noise and turbulence in the current 
experimental environment. We are also currently working on 
another approach to verify the proposal technique 
experimentally with an appropriate design of the system to 
perform an arbitrary and absolute length measurement. 

 
ACKNOWLEDGMENT 

D.W. gratefully acknowledges the travel grants from The 
Murata Science Foundation. D.W. gratefully acknowledges 
the scholarship given by Takayama International Education 
Foundation, Heiwa Nakajima Foundation, and Ministry of 
Education, Culture, Sports, Science, and Technology of Japan 
(MEXT), respectively.  

This research work was partially financially supported by 
The Sasakawa Scientific Research Grant from The Japan 
Science Society (22-216), the “Development of System and 
Technology for Advanced Measurement and Analysis” 
Program at the Japan Science and Technology Agency (JST) 
(to H. M.) and the Global Center of Excellence (GCOE) 

Program on “Global Center of Excellence for Mechanical 
Systems Innovation (GMSI)” granted to The University of 
Tokyo, from the Japanese Government, respectively. 

REFERENCES 

 
[1] Minoshima, K. and H. Matsumoto, "High-accuracy measurement of 

240-m distance in an optical tunnel by use of a compact femtosecond 
laser". Applied Optics, 2000. 39(30): pp. 5512-5517. 

[2] P. Balling, P. Kren, P. Masika, and S. A. van den Berg, 
"Femtosecond frequency comb based distance measurement in air". 
Optics Express, 2009. 17(11): pp. 9300-9313. 

[3] I I. Coddington, W. C. Swann, L. Nenadovic, and N. R. Newbury, 
"Rapid and precise absolute distance measurements at long range". 
Nat Photon, 2009. 3(6): pp.. 351-356. 

[4] S. Yokoyama, T. Yokoyama, Y. Hagihara, T. Araki, and T. Yasui "A 
distance meter using a terahertz intermode beat in an optical 
frequency comb". Opt. Express, 2009. 17(20): pp. 17324-17337. 

[5] Ye, J., "Absolute measurement of a long, arbitrary distance to less 
than an optical fringe". Opt. Lett., 2004. 29(10): pp.. 1153-1155. 

[6] Joo, K.N. and S.W. Kim, "Absolute distance measurement by 
dispersive interferometry using a femtosecond pulse laser". Optics 
Express, 2006. 14(13): pp. 5954-5960. 

[7] M. Cui, M. G. Zeitouny, N. Bhattacharya, S. A. van den Berg, H. P. 
Urbach, and J. J. M. Braat, "High-accuracy long-distance 
measurements in air with a frequency comb laser". Opt. Lett., 2009. 
34(13): p. 1982-1984. 

[8] D. Wei, S. Takahashi, K. Takamasu, and H. Matsumoto, "Analysis of 
the temporal coherence function of a femtosecond optical frequency 
comb". Opt. Express, 2009. 17(9): pp. 7011-7018. 

[9] D. Wei, S. Takahashi, K. Takamasu, and H. Matsumoto, 
"Femtosecond optical frequency comb-based tandem interferometer". 
Journal of the European Optical Society - Rapid publications, 2009. 
4: pp. 09043. 

[10] D. Wei, S. Takahashi, K. Takamasu, and H. Matsumoto, 
"Simultaneous Observation of High Temporal Coherence between 
Two Pairs of Pulse Trains Using a 
Femtosecond-Optical-Frequency-Comb-Based Interferometer". 
Japanese journal of applied physics, 2009. 48(7):pp. 070211. 

[11] D. Wei, S. Takahashi, K. Takamasu, and H. Matsumoto, 
"Experimental observation of pulse trains' destructive interference 
with a femtosecond optical frequency-comb-based interferometer". 
Opt. Lett., 2009. 34(18): pp. 2775-2777.  

[12] Wei, D., et al. Study on the temporal coherence function of a 
femtosecond optical frequency comb. in Optical Measurement 
Systems for Industrial Inspection VI. Munich, Germany: SPIE. 2009.  

[13] Wei, D., et al. Femtosecond Optical Frequency Comb for Volume 
Temperature Change Measurement. in The 8th Pacific Rim 
Conference on Lasers and Electro-Optics. Shanghai, China: IEEE. 
2009.  

[14] Wei, D., et al. Advanced optical metrology of geometrical quantity 
based on pulse trains’ destructive interference geometrical quantity 
based on pulse trains’ destructive interference. in 3rd International 
Conference of Asian Society for Precision Engineering and 
Nanotechnology (ASPEN). Station Hotel Kokura, Kitakyushu, Japan: 
Japan Society for Precision Engineering (JSPE). 2009. 

[15] Wei, D., et al. Advanced abolute length metrology based on pulse 
train's constructive interference - Measurements of meter order with 
an accuracy of Nano order -. in 10th International Symposium on 
Measurement and Quality Control (ISMQC). Osaka University 
Convention Center, Osaka University,Osaka, Japan. 2010.  

[16] Wei, D., et al. Advanced Length Metrology with Pulse 
Trains’Destructive Interference by a Femtosecond Optical 
Frequency Comb. in CLEO/QELS 2010:Laser Science to Photonic 
Applications. San Jose McEnery Convention Center, San Jose, 
California, USA: OSA. 2010.  

[17] Wei, D., et al. Application of femtosecond optical frequency comb's 
temporal coherence character to a distant estimation. in 4th Pacific 
International Conference on Applications of Lasers and Optics 
(PICALO). Shangri-La Hotel, Wuhan, Peoples Republic of China: 
The Laser Institute of America (LIA). 2010. 

 Data set 
 1 2 3 4 5 
Length (1.5 [m] + )  [μm] 129 100 -57 -63 -63 
Standard deviation [μm] 5 7 2 4 9 



 [18] D. Wei, S. Takahashi, K. Takamasu, and H. Matsumoto, Novel 
"Absolute Length Measurement Methods with a Femtosecond 
Optical Frequency Comb Using Interference of Multiple Pulse 
Trains", submitted to Japanese journal of applied physics. 2010. 

[19] Ye, J. and S.T. Cundiff, "Femtosecond optical frequency comb : 
principle, operation, and applications". 2005, New York, NY: 
Springer. xii, 361 p. 

[20] Diels, J.-C. and W. Rudolph, "Ultrashort laser pulse phenomena : 
fundamentals, techniques, and applications on a femtosecond time 
scale". 2nd ed. Optics and photonics. 2006, Amsterdam ; Boston: 
Elsevier / Academic Press. xxi, 652 p. 

[21] M. Takeda, W. Wang, Z. Duan, and Y. Miyamoto, "Coherence 
holography". Opt. Express, 2005. 13(23): pp. 9629-9635. 

[22] Duan, Z., Y. Miyamoto, and M. Takeda, "Dispersion-free absolute 
interferometry based on angular spectrum scanning". Opt. Express, 
2006. 14(2): pp. 655-663. 

[23] Duan, Z., Y. Miyamoto, and M. Takeda, "Dispersion-free optical 
coherence depth sensing with a spatial frequency comb generated by 
an angular spectrum modulator". Opt. Express, 2006. 14(25): pp. 
12109-12121. 

[24] Yasui, T., K. Minoshima, and H. Matsumoto, "Stabilization of 
femtosecond mode-locked Ti:sapphire laser for high-accuracy pulse 
interferometry". IEEE Journal of Quantum Electronics, 2001. 37(1): 
pp. 12-19. 

[25] Yamaoka, Y., K. Minoshima, and H. Matsumoto, "Direct 
Measurement of the Group Refractive Index of Air with 
Interferometry between Adjacent Femtosecond Pulses". Appl. Opt., 
2002. 41(21): pp. 4318-4324. 

[26] . Yamaoka, L. Zeng, K. Minoshima, and H. Matsumoto, 
"Measurements and Numerical Analysis for Femtosecond Pulse 
Deformations After Propagation of Hundreds of Meters in Air with 
Water-Vapor Absorption Lines". Appl. Opt., 2004. 43(29): pp. 
5523-5530. 

[27] Oh, J.S. and S.W. Kim, "Femtosecond laser pulses for surface-profile 
metrology". Opt. Lett., 2005. 30(19): pp. 2650-2652. 

[28] Zhang, J., Z.H. Lu, and L.J. Wang, "Precision measurement of the 
refractive index of air with frequency combs". Opt. Lett., 2005. 
30(24): pp. 3314-3316. 

[29] M. Cui, R. N. Schouten, N. Bhattacharya, and S. A. Berg, 
"Experimental demonstration of distance measurement with a 
femtosecond frequency comb laser". Journal of the European Optical 
Society - Rapid publications, 2008. 3: pp. 08003. 

[30] Joo, K.-N., Y. Kim, and S.-W. Kim, "Distance measurements by 
combined method based on a femtosecond pulse laser". Opt. Express, 
2008. 16(24): pp. 19799-19806. 

[31] Helbing, F., G. Steinmeyer, and U. Keller, "Carrier-envelope offset 
phase-locking with attosecond timing jitter". IEEE Journal of 
Selected Topics in Quantum Electronics, 2003. 9(4): pp. 1030-1040. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



<<
  /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




