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1. Introduction

Recently, several macromolecular structures have been resolved at a subatomic resolution as can be found in PDB (Berman et al., 2000; Berstein et al., 1977). At such a resolution, new structural details become visible at the corresponding Fourier maps. A small size of these details requires more careful analysis of the images of the electron density. In particular it is important to avoid confusion between signal and noise. 


The noise in Fourier maps can be attributed to several factors: errors in the experimental magnitudes, phase errors, Fourier series truncation. Some analysis of the first two sources of errors on macromolecular images at subatomic resolution has been reported previously (Afonine et al., 2004). This article addresses the role of errors in images caused by the resolution cut-off when this latter is unusually high for macromolecules, above 1 Å.


The problem of Fourier series truncation is well known in macromolecular crystallography. At a very low resolution the ripples have a large scale and may systematically increase or decrease the values of the Fourier map in large regions. They complicate the definition of the correct molecular envelope. However, there are too few structural studies at such a resolution to bring much attention to this difficulty. At a conventional resolution of 2-3 Å, in general these errors do not pose particular difficulties due to a relatively weak effect. In most of cases, they are mentioned in relation to analysis of isolated ions or solvent molecules.


It is known from many decades of studies on small molecules that at a subatomic resolution the noise caused by the series truncation is very significant. One of the main reasons for such increasing noise are very low values of the atomic displacement factor B which may reach 1-2 Å2 for such extremely well ordered structures. To decrease the noise in density deformation studies, this density is analysed at difference maps. 

The goal of the study presented here is to numerically compare the size of the density peaks due to density deformation with those caused by the series truncation. Not only the size of the noise peaks but also their shape is important to make a distinction between the noise and the signal. Both conventional and difference maps are studied. 

2. Test data

The tests were conducted with the data previously described by Afonine et al. (2004). For a peptide model, placed in an orthogonal unit cell with parameters a=b=18 Å, c = 15 Å, two sets of structure factors have been calculated. First, the density was calculated without taking atomic interactions into consideration. For each atom, its electron density distribution spher(r;B) was generated as a spherical function with conventional 5-gaussians atomic factor (Brown et al., 1999). Initially all atoms were considered as immobile with B = 0 Å2. From this electron density, a set of Fourier coefficients {Fspher(s)exp[ispher(s)]} was calculated at the resolution of 0.3 Å (the highest resolution at which a X-ray structure was determined is 0.25 Å, Takahashi et al., 1998). Secondly, an electron density distribution cryst(r;B) was calculated by the quantum-chemical DFT method (program SIESTA, Sanchez-Portal et al., 1997) taking into account atomic interactions. Another set of Fourier coefficients {Fcryst(s)exp[icryst(s)]} obtained from this new density corresponded to structure factors of a crystal. Their magnitudes simulated the structure factor magnitudes obtained from the diffraction experiment. Comparative tests, conducted with these simulated data and with experimental data available for several other molecular crystals have shown that this method reproduces very realistically the practical situation (Afonine et al., 2004). 

The difference between these two density distributions

diff(r;B) = cryst(r;B) -spher(r;B)

allowed for the estimation of the height of the density deformation peak at peptide bonds as roughly 0.4-0.5 e/Å3. These peaks are reproduced quite exactly in the maps of the resolution of d = 0.5 Å and higher. In the maps at a resolution of about d = 0.9 Å, the peak value decreases roughly to 0.3-0.4 e/Å3. With B increasing, the value of the peaks decreases. For this study, the centre of attention was the analysis of the deformation density and the noise around the C-C bond where the deformation density peak is roughly in the middle of the bond. 

To analyse the perturbations influenced by the Fourier series truncation a series of maps with the Fourier coefficients {Fspher(s)exp[ispher(s)]} at various resolution d was calculated. Since these maps show the image of the electron density corresponding to the model of spherical atoms, all peaks except those at the atomic centres are noise. 

3. Main features of the noise

Fig. 1 shows a typical image of electron density, calculated from a spherical-atoms model at the resolution of 0.5 Å. One may note the blob at the C-C bond, the disk at the C-N bond and the ring at the C=O bond. 

This shape of the noise can be understood given the image of an isolated atom as a central spherical peak surrounded by a series of ripples. For two more or less identical neighbouring atoms the superposition of such distributions gives an image with a cylindrical symmetry around the interatomic vector. The superposed ripples from the two atoms may form rings or blobs, depending on the distance to atomic centres and on the resolution. It is easy to estimate from one-dimensional analysis of images of the -function at the resolution d that the closest noise peak is at the distance roughly 5d/4 to the centre of the main peak. This allows a fast estimation for 2 bonded atoms to be done. The first noise peaks are superposed in the middle of the bond (that is the position of the deformation density peak for C-C) at the resolution 0.5-0.6 Å. At lower resolutions, the superposition should happen outside of the bond. In this case, the noise peak forms a ring with radius decreasing with the resolution.

A more precise analysis was conducted for the series of maps calculated with the coefficients {Fspher(s)exp[ispher(s)]} at the resolution d. For each map the mean density values <(R;d)> were calculated at the distance R to the centre of the C-C bond in the plane perpendicular to this bond at its middle. The maps were calculated for different B values. Corresponding curves are shown in Fig. 2.

At the resolution d = 0.9 Å (with the atomic factor B = 0) the first peak is at the distance R ≈ 0.9-1.0 Å from the bond (there is a noise ring of this radius), and its value is larger than the value of the deformation density peak. However, at such a resolution the noise in the middle of the bond is negligible. At a resolution of about d = 0.7 Å, the noise ring is closer to the bond, and the peak is higher. The noise in the middle again is negligible. When the resolution approaches d = 0.5 Å, the ring “collapses” at the bond between the two atoms. The value of the corresponding peak is one order of magnitude larger than the deformation density. When the resolution increases further, there is no more ripple superposition in the middle of the bond and this noise peak decreases.
The characteristics of the image are similar when B is different from 0. The curve smoothens, the ripples become less and less pronounced and the density in the middle of the bond becomes larger. However, it is much less for d = 0.7 Å than for d = 0.5 Å, as previously for B = 0. At the same time, the deformation density peaks decreases (Afonine et al., 2004) but is still significant at least for B < 5 Å2.

4. Density images

Fig. 3 shows a series of three-dimensional images of the Fourier maps calculated at different resolution from 0.9 Å to 0.3 Å. In all cases the displacement factor B is equal to 0. As expected, the maps confirm the analysis of the curves shown in Fig. 2. Several complementary details can be observed. Since the height of the peaks and the noise increase significantly with the resolution, we failed to present well-illustrative images at the same cut-off density level.

At the resolution of 0.9 Å each of rings (rather, their arcs) belongs to several neighbouring bonds at the same time. At 0.7 Å these merged arcs are separated into individual full rings, one per bond. At 0.6 Å the radius of these rings is significantly smaller and the density is larger. At 0.5 Å the rings for all bonds but C=O collapse into a blob. These blobs should not be confused with the deformation density. The noise around the C=O bond behaves slightly differently due to a particular asymmetric character of this bond. This is also reflected in a particular behaviour of the corresponding deformation density. At resolution 0.4 Å these blobs are decomposed into separated small rings, which are shifted from the middle of the bond towards the atoms. Noteworthy, the ring shown for the C=O is a new ring, corresponding to the superposition of second ripples, while the first ring is attached to the central peak of the O atom (Fig. 4a). This phenomenon continues at 0.3 Å. At the resolution of 0.3-0.4 Å ripples can be seen inside the central “atomic” peak.

When similar images are analysed for larger values of B, both rings and blobs start to merge with the major peaks but continue to be seen until B reaches a critical limit (see a discussion in Afonine et al., 2004). Fig. 4b shows a superposition of two 0.5 Å-resolution maps calculated at B = 0 and at B = 2 Å2. In the second map, the blob at the C-C bond is seen equally well as in the first map while of coarse at a lower cut-off level. 

5. Images of difference density

The results given above show the importance of the computational noise when working at subatomic resolution. To avoid ripples in high-resolution images, crystallographers that work with small-molecule crystals use difference maps. There are two main ideas behind this approach. First, in conventional maps it is easy to see heavy (non hydrogen) atoms and many hydrogens; when looking for details at the next level, it is advisable to remove the main contribution already known. Second, it is known that there are ripples caused by heavy atoms showing large and sharp density peaks. Removing these peaks will stop ripples. 

As illustrated by Afonine et al. (2004) the model refinement at a subatomic resolution often leads to the models where the values of the atomic factor B are larger than the real values. In this case, there is a risk of residual peaks and, as a consequence, a risk of residual ripples. To simulate such a situation the difference density has been calculated at the resolution of 0.5 Å with the coefficients 

{Fspher(s)exp[ispher(s)]}B=1 - {Fspher(s)exp[ispher(s)]}B=2

This image corresponds to the situation when the true value of B for all atoms is equal to 1 Å2  but during refinement it has been estimated as 2 Å2, similar to values found by Afonine et al., 2004). 


Fig. 4c shows the corresponding Fourier map. The image is similar to the conventional map at 0.5 Å resolution, though the corresponding distribution is much lower. There is a significant peak in the middle of the C-C bond due to the Fourier series truncation. Its height is about 0.5 e/Å3, the same as the height of the peak for the deformation density. At such a “resonance” resolution, when the superposition of the noise ripples creates a peak directly on the bond, there is still a high risk of confusion between the deformation density and the computational noise. Fig. 4c confirms that this problem may not be resolved even with difference maps traditionally used for studies of deformation density


As shown previously, it is very important to include all available data into refinement, that helps to estimate B values as precise as possible (Afonine et al., 2004). With correct B values, the deformation density peaks can also be seen in lower resolution maps. Our study suggests that even with the availability of 0.5 Å high-resolution data, it is worthy to calculate density maps at lower resolution. This is important to verify if the peaks indicate deformation density or computational noise. The computational noise would not be conserved but deformed or it would disappear. 

6. Conclusions

In this study the behaviour of noise in Fourier maps at subatomic resolutions is shown. The shape of noise peaks is very specific. In most cases the bonds are surrounded by noise rings with a radius decreasing with the resolution. 

A critical resolution is at about 0.5 Å when the rings transform into blobs at the interactomic bonds. These noise peaks could easily be confused with deformation density. 

At this critical resolution the noise blobs may be present even at difference maps, traditionally used for deformation density studies. The value of the noise is comparable to the size of peaks of deformation density. This may be a source of an important confusion.

As a practical tool, this study suggests that when working at subatomic resolution, it is worthwhile to analyse a series of maps at a resolution below the limit. With this procedure the consistence of the peak which is supposed to indicate a deformation density can be verified. Especially strong inconsistencies may be observed when switching from 0.5 Å resolution maps to 0.7 Å resolution maps. In this case, the peaks can most likely be contributed to the Fourier series truncation effects and therefore do not indicate deformation density.

The authors thank V.Yu.Lunin for his suggestion to analyse the characteristics of noise peaks and P.Afonine for providing the data. This study has been conducted as part of a project towards a Master in Physics by A. D. Bochow.
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Fig. 1. Map calculated with the Fourier coefficients {Fspher(s)exp[ispher(s)]} at the resolution of 0.5 Å for B = 0 ; cut-off 3.5 e/Å3 .
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Fig. 2. Mean density in the plane perpendicular to the C-C peptide bond, taken at the middle of the bond, as a function of distance to the bond
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Fig. 4. a) Superposition of maps calculated with the Fourier coefficients {Fspher(s)exp[ispher(s)]} for B = 0 at the resolution of 0.5 Å (red) and at the resolution of 0.4 Å (black);
 
      b) Superposition of maps calculated at the resolution of 0.5 Å  with the Fourier coefficients {Fspher(s)exp[ispher(s)]} for B = 0 (red; cut-off 2.8 e/Å3) and B = 2 (black; cut-off 1.3 e/Å3); 
      c) difference map at the resolution of 0.5 Å between the densities for the models with B = 1 and B=2 (see Section 5 for a detail description); cut-off 0.5 e/Å3 .
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Fig. 3. Map calculated with the Fourier coefficients {Fspher(s)exp[ispher(s)]} for B = 0. a) resolution 0.9 Å ; cut-off 0.9 e/Å3 ; b) resolution 0.7 Å ; cut-off 1.4 e/Å3 ; c) resolution 0.6 Å ; cut-off 2.0 e/Å3 ; d) resolution 0.5 Å ; cut-off 2.8 e/Å3 ; e) resolution 0.4 Å ; cut-off 3.2 e/Å3 ; f) resolution 0.3 Å ; cut-off 2.9 e/Å3 ;
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B=1

		dist		d=0.9		d=0.7		d=0.5		d=0.3

		0		0.216		0.29		2.064		1.226

		0.05		0.179		0.293		1.949		1.192

		0.1		0.104		0.309		1.861		1.163

		0.15		0.009		0.346		1.762		1.119

		0.2		-0.071		0.401		1.608		1.057

		0.25		-0.154		0.48		1.423		0.981

		0.3		-0.223		0.574		1.208		0.897

		0.35		-0.269		0.692		0.966		0.805

		0.4		-0.278		0.817		0.721		0.721

		0.45		-0.26		0.934		0.485		0.649

		0.5		-0.205		1.022		0.288		0.595

		0.55		-0.119		1.07		0.147		0.555

		0.6		-0.015		1.081		0.076		0.517

		0.65		0.111		1.036		0.073		0.477

		0.7		0.243		0.932		0.144		0.423

		0.75		0.374		0.778		0.249		0.358

		0.8		0.484		0.599		0.345		0.295

		0.85		0.571		0.401		0.425		0.243

		0.9		0.634		0.197		0.46		0.214

		0.95		0.669		0.013		0.43		0.203

		1		0.658		-0.124		0.34		0.194

		1.05		0.612		-0.213		0.216		0.178

		1.1		0.543		-0.25		0.09		0.15

		1.15		0.452		-0.239		-0.017		0.115

		1.2		0.339		-0.18		-0.08		0.088

		1.25		0.219		-0.087		-0.09		0.076

		1.3		0.106		0.015		-0.046		0.077

		1.35		0.004		0.113		0.027		0.081

		1.4		-0.079		0.189		0.096		0.076

		1.45		-0.142		0.24		0.15		0.062

		1.5		-0.176		0.253		0.171		0.045

		1.55		-0.187		0.232		0.147		0.032

		1.6		-0.175		0.18		0.091		0.03

		1.65		-0.144		0.108		0.024		0.038

		1.7		-0.096		0.033		-0.034		0.042

		1.75		-0.043		-0.038		-0.07		0.038

		1.8		0.014		-0.089		-0.071		0.026

		1.85		0.062		-0.116		-0.039		0.015

		1.9		0.053		-0.083		-0.013		0.007

		1.95		0		0		0		0
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B=2

		dist		d=0.9		d=0.7		d=0.5		d=0.3

		0		0.613		0.625		1.476		1.185

		0.05		0.569		0.613		1.423		1.157

		0.1		0.493		0.597		1.375		1.122

		0.15		0.397		0.591		1.32		1.078

		0.2		0.308		0.594		1.241		1.026

		0.25		0.213		0.609		1.147		0.966

		0.3		0.128		0.634		1.039		0.904

		0.35		0.06		0.678		0.917		0.837

		0.4		0.02		0.73		0.789		0.77

		0.45		0.001		0.782		0.661		0.704

		0.5		0.012		0.821		0.543		0.64

		0.55		0.049		0.84		0.443		0.579

		0.6		0.104		0.839		0.371		0.522

		0.65		0.179		0.805		0.326		0.468

		0.7		0.262		0.737		0.311		0.416

		0.75		0.348		0.636		0.314		0.367

		0.8		0.421		0.519		0.322		0.322

		0.85		0.481		0.387		0.329		0.282

		0.9		0.525		0.251		0.326		0.248

		0.95		0.549		0.125		0.302		0.218

		1		0.54		0.025		0.256		0.192

		1.05		0.506		-0.045		0.198		0.169

		1.1		0.454		-0.084		0.139		0.148

		1.15		0.385		-0.091		0.086		0.128

		1.2		0.3		-0.068		0.049		0.112

		1.25		0.208		-0.021		0.032		0.098

		1.3		0.121		0.035		0.038		0.087

		1.35		0.041		0.09		0.056		0.077

		1.4		-0.025		0.134		0.075		0.068

		1.45		-0.077		0.164		0.091		0.06

		1.5		-0.107		0.173		0.097		0.053

		1.55		-0.12		0.162		0.087		0.047

		1.6		-0.115		0.131		0.064		0.042

		1.65		-0.096		0.087		0.038		0.038

		1.7		-0.064		0.04		0.013		0.035

		1.75		-0.026		-0.005		-0.004		0.031

		1.8		0.014		-0.038		-0.008		0.028

		1.85		0.05		-0.057		0.001		0.025

		1.9		0.041		-0.043		0.004		0.015

		1.95		0		0		0		0
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		0.2		0.2		0.2		0.2

		0.25		0.25		0.25		0.25

		0.3		0.3		0.3		0.3

		0.35		0.35		0.35		0.35

		0.4		0.4		0.4		0.4

		0.45		0.45		0.45		0.45

		0.5		0.5		0.5		0.5

		0.55		0.55		0.55		0.55

		0.6		0.6		0.6		0.6

		0.65		0.65		0.65		0.65

		0.7		0.7		0.7		0.7

		0.75		0.75		0.75		0.75

		0.8		0.8		0.8		0.8

		0.85		0.85		0.85		0.85
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B=0

		dist		d=0.9		d=0.7		d=0.5		d=0.3

		0		-0.309		-0.114		3.63		2.052

		0.05		-0.333		-0.091		3.327		1.905

		0.1		-0.404		-0.026		3.097		1.927

		0.15		-0.495		0.08		2.842		1.818

		0.2		-0.561		0.213		2.458		1.543

		0.25		-0.626		0.39		2.003		1.17

		0.3		-0.67		0.587		1.484		0.733

		0.35		-0.683		0.814		0.925		0.293

		0.4		-0.648		1.043		0.39		0.043

		0.45		-0.58		1.249		-0.095		0.013

		0.5		-0.466		1.399		-0.455		0.224

		0.55		-0.315		1.478		-0.654		0.575

		0.6		-0.147		1.493		-0.671		0.832

		0.65		0.045		1.416		-0.518		0.93

		0.7		0.24		1.244		-0.196		0.756

		0.75		0.43		0.993		0.183		0.374

		0.8		0.584		0.711		0.504		-0.005

		0.85		0.704		0.403		0.75		-0.194

		0.9		0.79		0.093		0.853		-0.086

		0.95		0.835		-0.181		0.776		0.216

		1		0.818		-0.374		0.545		0.458

		1.05		0.754		-0.484		0.233		0.488

		1.1		0.659		-0.513		-0.068		0.286

		1.15		0.537		-0.464		-0.309		-0.015

		1.2		0.387		-0.345		-0.425		-0.192

		1.25		0.228		-0.174		-0.398		-0.148

		1.3		0.081		0.003		-0.239		0.062

		1.35		-0.05		0.168		-0.015		0.259

		1.4		-0.153		0.294		0.184		0.28

		1.45		-0.231		0.373		0.329		0.131

		1.5		-0.269		0.388		0.379		-0.057

		1.55		-0.276		0.35		0.305		-0.161

		1.6		-0.253		0.26		0.151		-0.083

		1.65		-0.205		0.139		-0.023		0.095

		1.7		-0.137		0.016		-0.169		0.205

		1.75		-0.062		-0.097		-0.247		0.167

		1.8		0.016		-0.174		-0.231		0.007

		1.85		0.081		-0.213		-0.133		-0.128

		1.9		0.07		-0.149		-0.048		-0.111

		1.95		0		0		0		0
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B=1

		dist		d=0.9		d=0.7		d=0.5		d=0.3

		0		0.216		0.29		2.064		1.226

		0.05		0.179		0.293		1.949		1.192

		0.1		0.104		0.309		1.861		1.163

		0.15		0.009		0.346		1.762		1.119

		0.2		-0.071		0.401		1.608		1.057

		0.25		-0.154		0.48		1.423		0.981

		0.3		-0.223		0.574		1.208		0.897

		0.35		-0.269		0.692		0.966		0.805

		0.4		-0.278		0.817		0.721		0.721

		0.45		-0.26		0.934		0.485		0.649

		0.5		-0.205		1.022		0.288		0.595

		0.55		-0.119		1.07		0.147		0.555

		0.6		-0.015		1.081		0.076		0.517

		0.65		0.111		1.036		0.073		0.477

		0.7		0.243		0.932		0.144		0.423

		0.75		0.374		0.778		0.249		0.358

		0.8		0.484		0.599		0.345		0.295

		0.85		0.571		0.401		0.425		0.243

		0.9		0.634		0.197		0.46		0.214

		0.95		0.669		0.013		0.43		0.203

		1		0.658		-0.124		0.34		0.194

		1.05		0.612		-0.213		0.216		0.178

		1.1		0.543		-0.25		0.09		0.15

		1.15		0.452		-0.239		-0.017		0.115

		1.2		0.339		-0.18		-0.08		0.088

		1.25		0.219		-0.087		-0.09		0.076

		1.3		0.106		0.015		-0.046		0.077

		1.35		0.004		0.113		0.027		0.081

		1.4		-0.079		0.189		0.096		0.076

		1.45		-0.142		0.24		0.15		0.062

		1.5		-0.176		0.253		0.171		0.045

		1.55		-0.187		0.232		0.147		0.032

		1.6		-0.175		0.18		0.091		0.03

		1.65		-0.144		0.108		0.024		0.038

		1.7		-0.096		0.033		-0.034		0.042

		1.75		-0.043		-0.038		-0.07		0.038

		1.8		0.014		-0.089		-0.071		0.026

		1.85		0.062		-0.116		-0.039		0.015

		1.9		0.053		-0.083		-0.013		0.007

		1.95		0		0		0		0
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B=2

		dist		d=0.9		d=0.7		d=0.5		d=0.3

		0		0.613		0.625		1.476		1.185

		0.05		0.569		0.613		1.423		1.157

		0.1		0.493		0.597		1.375		1.122

		0.15		0.397		0.591		1.32		1.078

		0.2		0.308		0.594		1.241		1.026

		0.25		0.213		0.609		1.147		0.966

		0.3		0.128		0.634		1.039		0.904

		0.35		0.06		0.678		0.917		0.837

		0.4		0.02		0.73		0.789		0.77

		0.45		0.001		0.782		0.661		0.704

		0.5		0.012		0.821		0.543		0.64

		0.55		0.049		0.84		0.443		0.579

		0.6		0.104		0.839		0.371		0.522

		0.65		0.179		0.805		0.326		0.468

		0.7		0.262		0.737		0.311		0.416

		0.75		0.348		0.636		0.314		0.367

		0.8		0.421		0.519		0.322		0.322

		0.85		0.481		0.387		0.329		0.282

		0.9		0.525		0.251		0.326		0.248

		0.95		0.549		0.125		0.302		0.218

		1		0.54		0.025		0.256		0.192

		1.05		0.506		-0.045		0.198		0.169

		1.1		0.454		-0.084		0.139		0.148

		1.15		0.385		-0.091		0.086		0.128

		1.2		0.3		-0.068		0.049		0.112

		1.25		0.208		-0.021		0.032		0.098

		1.3		0.121		0.035		0.038		0.087

		1.35		0.041		0.09		0.056		0.077

		1.4		-0.025		0.134		0.075		0.068

		1.45		-0.077		0.164		0.091		0.06

		1.5		-0.107		0.173		0.097		0.053

		1.55		-0.12		0.162		0.087		0.047

		1.6		-0.115		0.131		0.064		0.042

		1.65		-0.096		0.087		0.038		0.038

		1.7		-0.064		0.04		0.013		0.035

		1.75		-0.026		-0.005		-0.004		0.031

		1.8		0.014		-0.038		-0.008		0.028

		1.85		0.05		-0.057		0.001		0.025

		1.9		0.041		-0.043		0.004		0.015

		1.95		0		0		0		0
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Graph2

		0		0		0		0

		0.05		0.05		0.05		0.05

		0.1		0.1		0.1		0.1

		0.15		0.15		0.15		0.15

		0.2		0.2		0.2		0.2

		0.25		0.25		0.25		0.25

		0.3		0.3		0.3		0.3

		0.35		0.35		0.35		0.35

		0.4		0.4		0.4		0.4

		0.45		0.45		0.45		0.45

		0.5		0.5		0.5		0.5

		0.55		0.55		0.55		0.55

		0.6		0.6		0.6		0.6

		0.65		0.65		0.65		0.65

		0.7		0.7		0.7		0.7

		0.75		0.75		0.75		0.75

		0.8		0.8		0.8		0.8

		0.85		0.85		0.85		0.85

		0.9		0.9		0.9		0.9

		0.95		0.95		0.95		0.95

		1		1		1		1

		1.05		1.05		1.05		1.05

		1.1		1.1		1.1		1.1

		1.15		1.15		1.15		1.15

		1.2		1.2		1.2		1.2

		1.25		1.25		1.25		1.25

		1.3		1.3		1.3		1.3

		1.35		1.35		1.35		1.35

		1.4		1.4		1.4		1.4

		1.45		1.45		1.45		1.45

		1.5		1.5		1.5		1.5

		1.55		1.55		1.55		1.55

		1.6		1.6		1.6		1.6

		1.65		1.65		1.65		1.65

		1.7		1.7		1.7		1.7

		1.75		1.75		1.75		1.75

		1.8		1.8		1.8		1.8

		1.85		1.85		1.85		1.85

		1.9		1.9		1.9		1.9

		1.95		1.95		1.95		1.95
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B=0

		dist		d=0.9		d=0.7		d=0.5		d=0.3

		0		-0.309		-0.114		3.63		2.052

		0.05		-0.333		-0.091		3.327		1.905

		0.1		-0.404		-0.026		3.097		1.927

		0.15		-0.495		0.08		2.842		1.818

		0.2		-0.561		0.213		2.458		1.543

		0.25		-0.626		0.39		2.003		1.17

		0.3		-0.67		0.587		1.484		0.733

		0.35		-0.683		0.814		0.925		0.293

		0.4		-0.648		1.043		0.39		0.043

		0.45		-0.58		1.249		-0.095		0.013

		0.5		-0.466		1.399		-0.455		0.224

		0.55		-0.315		1.478		-0.654		0.575

		0.6		-0.147		1.493		-0.671		0.832

		0.65		0.045		1.416		-0.518		0.93

		0.7		0.24		1.244		-0.196		0.756

		0.75		0.43		0.993		0.183		0.374

		0.8		0.584		0.711		0.504		-0.005

		0.85		0.704		0.403		0.75		-0.194

		0.9		0.79		0.093		0.853		-0.086

		0.95		0.835		-0.181		0.776		0.216

		1		0.818		-0.374		0.545		0.458

		1.05		0.754		-0.484		0.233		0.488

		1.1		0.659		-0.513		-0.068		0.286

		1.15		0.537		-0.464		-0.309		-0.015

		1.2		0.387		-0.345		-0.425		-0.192

		1.25		0.228		-0.174		-0.398		-0.148

		1.3		0.081		0.003		-0.239		0.062

		1.35		-0.05		0.168		-0.015		0.259

		1.4		-0.153		0.294		0.184		0.28

		1.45		-0.231		0.373		0.329		0.131

		1.5		-0.269		0.388		0.379		-0.057

		1.55		-0.276		0.35		0.305		-0.161

		1.6		-0.253		0.26		0.151		-0.083

		1.65		-0.205		0.139		-0.023		0.095

		1.7		-0.137		0.016		-0.169		0.205

		1.75		-0.062		-0.097		-0.247		0.167

		1.8		0.016		-0.174		-0.231		0.007

		1.85		0.081		-0.213		-0.133		-0.128

		1.9		0.07		-0.149		-0.048		-0.111

		1.95		0		0		0		0
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B=1

		dist		d=0.9		d=0.7		d=0.5		d=0.3

		0		0.216		0.29		2.064		1.226

		0.05		0.179		0.293		1.949		1.192

		0.1		0.104		0.309		1.861		1.163

		0.15		0.009		0.346		1.762		1.119

		0.2		-0.071		0.401		1.608		1.057

		0.25		-0.154		0.48		1.423		0.981

		0.3		-0.223		0.574		1.208		0.897

		0.35		-0.269		0.692		0.966		0.805

		0.4		-0.278		0.817		0.721		0.721

		0.45		-0.26		0.934		0.485		0.649

		0.5		-0.205		1.022		0.288		0.595

		0.55		-0.119		1.07		0.147		0.555

		0.6		-0.015		1.081		0.076		0.517

		0.65		0.111		1.036		0.073		0.477

		0.7		0.243		0.932		0.144		0.423

		0.75		0.374		0.778		0.249		0.358

		0.8		0.484		0.599		0.345		0.295

		0.85		0.571		0.401		0.425		0.243

		0.9		0.634		0.197		0.46		0.214

		0.95		0.669		0.013		0.43		0.203

		1		0.658		-0.124		0.34		0.194

		1.05		0.612		-0.213		0.216		0.178

		1.1		0.543		-0.25		0.09		0.15

		1.15		0.452		-0.239		-0.017		0.115

		1.2		0.339		-0.18		-0.08		0.088

		1.25		0.219		-0.087		-0.09		0.076

		1.3		0.106		0.015		-0.046		0.077

		1.35		0.004		0.113		0.027		0.081

		1.4		-0.079		0.189		0.096		0.076

		1.45		-0.142		0.24		0.15		0.062

		1.5		-0.176		0.253		0.171		0.045

		1.55		-0.187		0.232		0.147		0.032

		1.6		-0.175		0.18		0.091		0.03

		1.65		-0.144		0.108		0.024		0.038

		1.7		-0.096		0.033		-0.034		0.042

		1.75		-0.043		-0.038		-0.07		0.038

		1.8		0.014		-0.089		-0.071		0.026

		1.85		0.062		-0.116		-0.039		0.015

		1.9		0.053		-0.083		-0.013		0.007

		1.95		0		0		0		0
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B=2

		dist		d=0.9		d=0.7		d=0.5		d=0.3

		0		0.613		0.625		1.476		1.185

		0.05		0.569		0.613		1.423		1.157

		0.1		0.493		0.597		1.375		1.122

		0.15		0.397		0.591		1.32		1.078

		0.2		0.308		0.594		1.241		1.026

		0.25		0.213		0.609		1.147		0.966

		0.3		0.128		0.634		1.039		0.904

		0.35		0.06		0.678		0.917		0.837

		0.4		0.02		0.73		0.789		0.77

		0.45		0.001		0.782		0.661		0.704

		0.5		0.012		0.821		0.543		0.64

		0.55		0.049		0.84		0.443		0.579

		0.6		0.104		0.839		0.371		0.522

		0.65		0.179		0.805		0.326		0.468

		0.7		0.262		0.737		0.311		0.416

		0.75		0.348		0.636		0.314		0.367

		0.8		0.421		0.519		0.322		0.322

		0.85		0.481		0.387		0.329		0.282

		0.9		0.525		0.251		0.326		0.248

		0.95		0.549		0.125		0.302		0.218

		1		0.54		0.025		0.256		0.192

		1.05		0.506		-0.045		0.198		0.169

		1.1		0.454		-0.084		0.139		0.148

		1.15		0.385		-0.091		0.086		0.128

		1.2		0.3		-0.068		0.049		0.112

		1.25		0.208		-0.021		0.032		0.098

		1.3		0.121		0.035		0.038		0.087

		1.35		0.041		0.09		0.056		0.077

		1.4		-0.025		0.134		0.075		0.068

		1.45		-0.077		0.164		0.091		0.06

		1.5		-0.107		0.173		0.097		0.053

		1.55		-0.12		0.162		0.087		0.047

		1.6		-0.115		0.131		0.064		0.042

		1.65		-0.096		0.087		0.038		0.038

		1.7		-0.064		0.04		0.013		0.035

		1.75		-0.026		-0.005		-0.004		0.031

		1.8		0.014		-0.038		-0.008		0.028

		1.85		0.05		-0.057		0.001		0.025

		1.9		0.041		-0.043		0.004		0.015

		1.95		0		0		0		0
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