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STUDY OF THE OWNER RESPONSE OF THE HUMAN BODY UNDER THE VERTICAL VIBRATIONS ACTION INTO A VEHICLE
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Abstract: This paper presents some aspects about the dynamic response of the human body subjected to the vertical harmonic vibration in the travel inside the auto vehicle. There is a model presented in the specialized literature. This is transformed for the given study because is necessary to realize the vertical vibration along the human body axis. The human body has the owner pulsations (eigenvalues) that we solved in another paper, and here we try to obtain the displacements of the body elements near by these pulsations. This motion is considered a harmonically action force produced by the vehicle seat. There are two different studies:

· using a linear lumped parameter systems seat – human body model.

· using a nonlinear lumped parameter systems seat-human body model.

Keywords: human body vibrations, vertical harmonic force, study displacements.

1. INTRODUCTION

Recently, the ride comfort and safety for both vehicle drivers and passengers has become a critical issue in vehicle design [1]. A key goal for vehicles is to reduce the operator physical fatigue and potential for injury in order to increase safety and maintain productivity of the man-machine combination. It is desirable to isolate the driver and a passengers from road induced shocks and vibrations during transport in order to increase ride comfort. Therefore, seat suspensions for vehicles are inevitably needed to attenuate and mitigate the whole-body vibration and shock that is transmitted from the floor of the vehicles to the operator and passengers.

Most research on seat suspensions has evaluated responses of the seat suspension itself caused by road-induced shock and vibration. However, studies on the effect of the shock and vibration on seated personnel are much less explored.

2. BIODYNAMIC STUDY

Vibrations of any frequency can influence biological systems, if they have sufficient amplitude. The problem of vibration influence on human body is of the great importance [3], [4]. The research done on vibration influence on the human body has revealed the idea that when building models for vibration study, in the case of vibrations higher than 100 Hz, the mass concentrated model becomes inappropriate for the description of biological tissue vibrations and a continuous medium becomes necessary.

Vibrations into the human body are generated by internal or external sources. The human body is a complex vibrating system due to soft tissue, bones joints, internal organs, and, also, to the peculiarities of its anatomical parts. Vibrations from external sources can be transmitted to the human body when standing, sitting down, lying down or when the human body is in motion or in working. 

Therefore, the main goal of this study is to analyze the biodynamic response of the human body under sinusoidal vertical vibration excitations and to compare these results in two different instances. Using the mechanical model of human body propose by Zong &Lam [9], this is adapted for our study.

In doing so, it is used a detailed lumped parameter model of the human body. The first study having linear parameters are continued with the nonlinear parameters and there is a comparison between them results
In this study, the human sits upright on the seat cushion on the seat and consists of four parts: pelvis, upper torso, viscera and head. In the first instance all the lumped parameter systems are linear. In the second instance the human body are modeled by nonlinear lumped parameter systems comprising mass Mi, spring Ki and damping Ci for i=2,3,4 and 5. yi (i=2,3,4,5) coordinates are the displacement of the human body for pelvis, upper torso, viscera and head, respectively. The soft seat cushion is configured on the seat and its mechanical model is simply represented by mass M1, spring K2c and damping C2c.

Note that when a human body sits on a seat, only 71% (is presented inside the literature), but we consider that the seat supports the 85 % of his total weight and the feet support the remaining body weight. This proposal is given because the distribution of the human body weight is different in our paper regarding the studies presented in the literature.

The dampers and the elastically elements (the springs) are considered the mechanical model of the joints, sinews or the linkage organs. 

3. MECHANICAL MODEL

In this study it is considered that the seated occupant is exposed at harmonically action force like Fp = F0 sin ( t, where Fo is the magnitude of the force and we choose the human body analyze under the outside vertical vibrations action.

In the figure 1 there is the mechanical model of the human body under the seat cushion action with a harmonically action force.
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Figure 1: Mechanical model of the human body under the seat cushion action with

a vertical harmonic action force (Fp)
4. THE MOTION DIFFERENTIAL EQUATIONS

Using the mechanical model of the figure 1, the system contains five independent parameters and the differential equations system is:
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where 
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and: Mi- masses; Ci - dampers; Ki - stiffness; yi - the elements displacements; 
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- velocities, and 
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- accelerations of the same elements and Fo is the active force magnitude. 

The matrix of the differential equations is given by:
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Using the differential equations system, can be noted the expressions of the inertia matrix, the damping matrix and the stiffness matrix. They are:

· matrix of inertia (of the masses) is the following:
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· matrix of damping coefficients is:                             - stiffness matrix contains:
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Into the (3) system the matrix notes are: {
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}- the vector of the accelerations (8); {
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}- the  velocities vector (9); {
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}- the displacements vector (10); and finally {F} is the vector of forces (11). The vectors are:
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The human linear parameters given by the literature [9] are in the table 1and the nonlinear parameters [8] are in the table no.2, and they will be use inside the second study of this paper. 

Table 1: Linear parameters

	Parameter
	Value
	Parameter
	Value
	Parameter
	Value

	M1

M2

M3

M4

M5
	13.5 kg

29 kg

21.8 kg

6.8 kg

5.5 kg
	C2

C3

C4

C5

C2c
	108.42 Ns/m

199.72 Ns/m

138.74 Ns/m

210.95 Ns/m

     159 Ns/m
	K2

K3

K4

K5

K2c
	16.21(104 N/m
3.78(104  N/m

0.28(104 N/m

20.22(104 N/m

  3.77(104  N/m


Table 2: Nonlinear parameters
	Parameter
	Value
	Parameter
	Value
	Parameter
	Value

	M1

M2

M3

M4

M5
	13.5 kg

   29 kg

21.8 kg

  6.8 kg

  5.5 kg
	K4
K5
K2c
	0.28(104 N/m

    20.22(104 N/m

3.77(104 N/m
	C2c
	159 Ns/m

	
	
	
	
	(2

(3

(4

(5
	0.25

0.11

          0.5

          0.1


The damping coefficient Ci is given by:
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where: (i, i = 2, 3, 4, 5 are the damping ratio of each part of the human body and can be identified by dynamic tensile test [9].

The spring coefficient of the pelvis, K2, is characterized by the nonlinear function [8]
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the spring coefficient of the upper torso is also [8]
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Note that since K2 and K3 are nonlinear function, C2 and C3 are also nonlinear functions [8].

5. SOLUTION OF THE RUNGE-KUTTA 4TH ORDER 

FOR THE DIFFERENTIAL EQUATIONS SYSTEM

The study of the human body displacements under the vertical harmonic force action was made using Runge-Kutta method of the fourth order by MATHCAD program.

The Runge-Kutta method requires that the initial value must be other than zero. This means that we propose in this study, initial values for 
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- velocities, using the different forces magnitude (4; 10; 50N) and the angular velocities: 20,983; 215,548 rad / sec, because they are two of the eigenvalues established in the paper [6].

Since y2, y3, y4 and y5 describe the displacement of each part of the human body, these are not measurable or observable in a practical sense. In a practical sense, actuation forces cannot be applied directly to the human body. In order to mitigate the sinusoidal vibrations we using a soft seat cushion which must dampers the actuation forces. 

In the first instance we determined the Runge-Kutta solutions using the linear parameters and in the second way we obtains the solution using the nonlinear parameters. The representations of these solutions are situated in the figure 3. For F0  = 4, 10, 50 N and ( = 20.983 and 215.548 rad / sec, the graphics of displacements are given in following figures (4, 5, 6). 
Using the graphical representations of the displacements for another conditions are less than the specified conditions. The maximum values are less than 2 mm, which means the applied force influences very much the stat of the mechanical systems. The linear velocities and the linear accelerations have the small values in each situations, and them influence is not relevant for the vibrations systems.

Generally the human body is formed and can be study as a mechanical system having: masses, dampers and elastically elements (springs) as any mechanical systems. The most solicited parts subjected to the mechanical vibrations are: the viscera and the head. The first disturbance of the good activity under the vibrations action is the bad sensations of the head (sickness, vortex, vomit)
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Figure 2: The variations laws of the elements displacements having different 

force magnitude and one of the owner angular velocity for linear parameters
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Figure 3: The displacements of the human body parts under the action

with the different magnitude of the active force at the last resonance
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Figure 4: The human body parts displacements with nonlinear parameters

of elements at the first resonance
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Figure 5: The human body parts displacements with nonlinear parameters

of elements at the last resonance
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 Figure 6: The eigenvalues of the human body displacements representations 
6. CONCLUSIONS
In this study we analyzed the variation laws for the human body parts displacements under the harmonic force action. The action force is on the cushion seat.

The paper is a normal continuing of the studies made in [6] – with the eigenvalues of the human body, and [7] – having the study of the force magnitude over the displacements.

Looking at the figures given in this study, the conclusions are:

1. For the first owner pulsation ( = 20,983 rad / sec the displacements do not depend of the force magnitude, for the linear parameters (Fig. 2) and for the nonlinear parameters (Fig. 4).

2. The last owner pulsation ( = 215,548 rad / sec has the same meaning as the first pulsation, because the human body is destroyed under the vibrations action, if there are linear (Fig.3) or nonlinear (Fig. 5) parameters.

3. The pelvis and the upper torso have different displacements for linear and nonlinear parameters given for the human body, if they are to the resonance (Fig. 6).

4. The human body can not recognized the different types of parameters (linear or nonlinear) if it is subjected to the resonance phenomena and the study contains the viscera and the head displacements (Fig. 6).
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		0.145		0.298		1.32		-0.084		0.029		-0.003846		0.085
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		0.232		0.436		1.799		-0.188		0.064		-0.008657		0.191

		0.174		0.258		0.821		-0.232		0.079		-0.011		0.235

		0.146		0.153		0.194		-0.281		0.096		-0.013		0.285

		0.272		0.425		1.448		0.334		0.114		-0.015		0.339

		0.319		0.5		1.703		-0.392		0.134		-0.018		0.398

		0.246		0.27		0.429		-0.455		0.156		-0.021		0.461

		0.299		0.35		0.691		-0.522		0.179		-0.024		0.53

		0.433		0.632		1.954		-0.594		0.203		-0.027		0.603

		0.42		0.54		1.339		-0.671		0.23		-0.031		0.68

		0.381		0.381		0.381		-0.752		0.257		-0.035		0.763

		0.505		0.625		1.425		-0.838		0.287		-0.039		0.85

		0.603		0.801		2.122		-0.928		0.318		-0.043		0.942

		0.553		0.604		0.944		-1.023		0.35		-0.047		1.038

		0.585		0.609		0.769		-1.123		0.384		-0.052		1.139

		0.743		0.923		2.127		-1.228		0.42		-0.057		1.245

		0.78		0.933		1.954		-1.337		0.458		-0.062		1.356

		0.739		0.745		0.786		-1.45		0.496		-0.067		1.471



y1 for F= 4 N
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displacements

The influence of forces for w=215.548 rad/sec
 and linear parameters
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The influence of forces for w=215.548 and linear parameters
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  3.6   0.493   -0.184   0.166 -3  -8.657·10   0.191 -3  -7.48·10 -3  7.48·10 -3  -7.48·10 -3  -7.48·10 -3  -7.48·10 


  4   0.328   -0.227   0.205   -0.011   0.235 -3  -9·10 -3  9·10 -3  -9·10 -3  -9·10 -3  -9·10 


  4.4   0.237   -0.275   0.248   -0.013   0.285   -0.011   0.011   -0.011   -0.011   -0.011 


  4.8   0.525   -0.327   0.295   -0.015   0.339   -0.013   0.013   -0.013   -0.013   -0.013 


  5.2   0.617   -0.384   0.346   -0.018   0.398   -0.015   0.015   -0.015   -0.015   -0.015 
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  9.2   1.283   -1.199   1.084   -0.057   1.245   -0.043   0.043   -0.043   -0.043   -0.043 


  9.6   1.324   -1.306   1.18   -0.062   1.356   -0.047   0.047   -0.047   -0.047   -0.047 


  10   1.169   -1.416   1.28   -0.067   1.471   -0.051   0.051   -0.051   -0.051   -0.051 
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  1.6   0.218   -0.037   0.013 -3  -1.708·10   0.038 -3  -2.28·10 -3  2.28·10 -3  -2.28·10 -3  -2.28·10 -3  -2.28·10 


  2   1.534   -0.058   0.02 -3  -2.67·10   0.059 -3  -3·10 -3  3·10 -3  -3·10 -3  -3·10 -3  -3·10 


  2.4   1.32   -0.084   0.029 -3  -3.846·10   0.085 -3  -3.88·10 -3  3.88·10 -3  -3.88·10 -3  -3.88·10 -3  -3.88·10 


  2.8   0.109   -0.114   0.039 -3  -5.236·10   0.115 -3  -4.92·10 -3  4.92·10 -3  -4.92·10 -3  -4.92·10 -3  -4.92·10 


  3.2   0.78   -0.149   0.051 -3  -6.84·10   0.151 -3  -6.12·10 -3  6.12·10 -3  -6.12·10 -3  -6.12·10 -3  -6.12·10 


  3.6   1.799   -0.188   0.064 -3  -8.657·10   0.191 -3  -7.48·10 -3  7.48·10 -3  -7.48·10 -3  -7.48·10 -3  -7.48·10 


  4   0.821   -0.232   0.079   -0.011   0.235 -3  -9·10 -3  9·10 -3  -9·10 -3  -9·10 -3  -9·10 


  4.4   0.194   -0.281   0.096   -0.013   0.285   -0.011   0.011   -0.011   -0.011   -0.011 


  4.8   1.448   -0.334   0.114   -0.015   0.339   -0.013   0.013   -0.013   -0.013   -0.013 


  5.2   1.703   -0.392   0.134   -0.018   0.398   -0.015   0.015   -0.015   -0.015   -0.015 


  5.6   0.429   -0.455   0.156   -0.021   0.461   -0.017   0.017   -0.017   -0.017   -0.017 


  6   0.691   -0.522   0.179   -0.024   0.53   -0.019   0.019   -0.019   -0.019   -0.019 


  6.4   1.954   -0.594   0.203   -0.027   0.603   -0.021   0.021   -0.021   -0.021   -0.021 


  6.8   1.339   -0.671   0.23   -0.031   0.68   -0.024   0.024   -0.024   -0.024   -0.024 


  7.2   0.381   -0.752   0.257   -0.035   0.763   -0.027   0.027   -0.027   -0.027   -0.027 


  7.6   1.425   -0.838   0.287   -0.039   0.85   -0.03   0.03   -0.03   -0.03   -0.03 


  8   2.122   -0.928   0.318   -0.043   0.942   -0.033   0.033   -0.033   -0.033   -0.033 


  8.4   0.944   -1.023   0.35   -0.047   1.038   -0.036   0.036   -0.036   -0.036   -0.036 


  8.8   0.769   -1.123   0.384   -0.052   1.139   -0.04   0.04   -0.04   -0.04   -0.04 


  9.2   2.127   -1.228   0.42   -0.057   1.245   -0.043   0.043   -0.043   -0.043   -0.043 


  9.6   1.954   -1.337   0.458   -0.062   1.356   -0.047   0.047   -0.047   -0.047   -0.047 


  10   0.786   -1.45   0.496   -0.067   1.471   -0.051   0.051   -0.051   -0.051   -0.051 
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  10   0.739   -1.45   0.496   -0.067   1.471   -0.051   0.051   -0.051   -0.051   -0.051 
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		0.051		0.102		0.443		-0.021		0.018		-0.0009593		0.021

		0.046		0.07		0.23		-0.036		0.033		-0.001708		0.038

		0.167		0.348		1.551		-0.057		0.051		-0.00267		0.059

		0.017		0.323		0.1345		-0.082		0.074		-0.003846		0.085

		0.096		0.102		0.143		-0.112		0.1		-0.005236		0.115

		0.176		0.261		0.824		-0.146		0.131		-0.00684		0.151

		0.288		0.493		1.855		-0.184		0.166		-0.008657		0.191

		0.244		0.328		0.891		-0.227		0.205		-0.011		0.235

		0.231		0.237		0.278		-0.275		0.248		-0.013		0.285

		0.372		0.525		1.548		-0.327		0.295		-0.015		0.339

		0.436		0.617		1.82		-0.384		0.346		-0.018		0.398

		0.382		0.406		0.565		-0.445		0.401		-0.021		0.461

		0.454		0.505		0.847		-0.511		0.461		-0.024		0.53

		0.61		0.808		2.13		-0.581		0.524		-0.027		0.603

		0.619		0.739		1.538		-0.656		0.592		-0.031		0.68

		0.604		0.604		0.604		-0.736		0.664		-0.035		0.763

		0.752		0.872		1.673		-0.819		0.739		-0.039		0.85

		0.876		1.075		2.396		-0.908		0.819		-0.043		0.942

		0.854		0.905		1.245		-1		0.903		-0.047		1.038

		0.915		0.939		1.099		-1.098		0.991		-0.052		1.139

		1.103		1.283		2.487		-1.199		1.084		-0.057		1.245

		1.171		1.324		2.345		-1.306		1.18		-0.062		1.356

		1.163		1.169		1.21		-1.416		1.28		-0.067		1.471
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The influence of forces when w=215,548 rad/sec 
(owner pulsation)-nonlinear parameters-
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		0.011		0.011		0.0006593		-0.021		0.007149		-0.0009593		0.021

		0.072		0.152		-0.268		-0.037		0.013		-0.001708		0.038

		0.078		0.152		-0.262		-0.058		0.02		-0.00267		0.059

		0.042		0.043		0.002607		-0.084		0.029		-0.003846		0.085

		0.112		0.194		-0.267		-0.114		0.039		-0.005236		0.115

		0.123		0.194		-0.257		-0.149		0.051		-0.00684		0.151

		0.096		0.096		0.005854		-0.188		0.064		-0.008657		0.191

		0.173		0.257		-0.265		-0.232		0.079		-0.011		0.235

		0.188		0.257		-0.251		-0.281		0.096		-0.013		0.285

		0.17		0.171		0.01		-0.334		0.114		-0.015		0.339

		0.256		0.341		-0.262		-0.392		0.134		-0.018		0.398

		0.275		0.342		-0.244		-0.455		0.156		-0.021		0.461

		0.266		0.267		0.016		-0.522		0.179		-0.024		0.53

		0.359		0.446		-0.257		-0.594		0.203		-0.027		0.603

		0.383		0.447		-0.235		-0.671		0.23		0.031		0.68

		0.382		0.384		0.023		-0.752		0.257		-0.035		0.763

		0.484		0.573		-0.251		-0.838		0.287		-0.039		0.85

		0.512		0.574		-0.225		-0.928		0.318		-0.043		0.942

		0.52		0.523		0.032		-1.023		0.35		-0.047		1.038

		0.63		0.72		-0.244		-1.123		0.384		-0.052		1.139

		0.662		0.722		-0.214		-1.228		0.42		-0.057		1.245

		0.68		0.683		0.042		-1.337		0.458		-0.062		1.356

		0.796		0.888		-0.235		-1.45		0.496		-0.067		1.471



y1 for F=4N

y1 for F=10 N

y1 for F=50 N

y2

y3

y4

y5

number of solution value

displacements

The influence of forces  for w=20,983 rad/sec
and linear parameters
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																																0.123		0.194		-0.257		-0.149		0.051		-0.00684		0.151

																																0.096		0.096		0.005854		-0.188		0.064		-0.008657		0.191

																																0.173		0.257		-0.265		-0.232		0.079		-0.011		0.235

																																0.188		0.257		-0.251		-0.281		0.096		-0.013		0.285

																																0.17		0.171		0.01		-0.334		0.114		-0.015		0.339

																																0.256		0.341		-0.262		-0.392		0.134		-0.018		0.398

																																0.275		0.342		-0.244		-0.455		0.156		-0.021		0.461

																																0.266		0.267		0.016		-0.522		0.179		-0.024		0.53

																																0.359		0.446		-0.257		-0.594		0.203		-0.027		0.603

																																0.383		0.447		-0.235		-0.671		0.23		0.031		0.68

																																0.382		0.384		0.023		-0.752		0.257		-0.035		0.763

																																0.484		0.573		-0.251		-0.838		0.287		-0.039		0.85

																																0.512		0.574		-0.225		-0.928		0.318		-0.043		0.942

																																0.52		0.523		0.032		-1.023		0.35		-0.047		1.038

																																0.63		0.72		-0.244		-1.123		0.384		-0.052		1.139

																																0.662		0.722		-0.214		-1.228		0.42		-0.057		1.245

																																0.68		0.683		0.042		-1.337		0.458		-0.062		1.356

																																0.796		0.888		-0.235		-1.45		0.496		-0.067		1.471
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y1 for F=4N

y1 for F=10 N

y1 for F=50 N

y2

y3

y4

y5

number of solutions value

displacements

influence of linear parameters at w=20,983 rad/sec
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  0 -5  1·10 -6  -1·10 -7  -2·10 -6  3·10 -6  -1·10 -3  -1·10 -3  1·10 -3  -1·10 -3  -1·10 -3  -1·10 


  0.4   0.053 -3  -2.321·10 -4  7.941·10 -4  -1.039·10 -3  2.353·10 -3  -1.08·10 -3  1.08·10 -3  -1.08·10 -3  -1.08·10 -3  -1.08·10 


  0.8   0.055 -3  -9.283·10 -3  3.177·10 -4  -4.247·10 -3  9.415·10 -3  -1.32·10 -3  1.32·10 -3  -1.32·10 -3  -1.32·10 -3  -1.32·10 


  1.2   0.011   -0.021 -3  7.149·10 -4  -9.593·10   0.021 -3  -1.72·10 -3  1.72·10 -3  -1.72·10 -3  -1.72·10 -3  -1.72·10 


  1.6   0.072   -0.037   0.013 -3  -1.708·10   0.038 -3  -2.28·10 -3  2.28·10 -3  -2.28·10 -3  -2.28·10 -3  -2.28·10 


  2   0.078   -0.058   0.02 -3  -2.67·10   0.059 -3  -3·10 -3  3·10 -3  -3·10 -3  -3·10 -3  -3·10 


  2.4   0.042   -0.084   0.029 -3  -3.846·10   0.085 -3  -3.88·10 -3  3.88·10 -3  -3.88·10 -3  -3.88·10 -3  -3.88·10 


  2.8   0.112   -0.114   0.039 -3  -5.236·10   0.115 -3  -4.92·10 -3  4.92·10 -3  -4.92·10 -3  -4.92·10 -3  -4.92·10 


  3.2   0.123   -0.149   0.051 -3  -6.84·10   0.151 -3  -6.12·10 -3  6.12·10 -3  -6.12·10 -3  -6.12·10 -3  -6.12·10 


  3.6   0.096   -0.188   0.064 -3  -8.657·10   0.191 -3  -7.48·10 -3  7.48·10 -3  -7.48·10 -3  -7.48·10 -3  -7.48·10 


  4   0.173   -0.232   0.079   -0.011   0.235 -3  -9·10 -3  9·10 -3  -9·10 -3  -9·10 -3  -9·10 


  4.4   0.188   -0.281   0.096   -0.013   0.285   -0.011   0.011   -0.011   -0.011   -0.011 


  4.8   0.17   -0.334   0.114   -0.015   0.339   -0.013   0.013   -0.013   -0.013   -0.013 


  5.2   0.256   -0.392   0.134   -0.018   0.398   -0.015   0.015   -0.015   -0.015   -0.015 


  5.6   0.275   -0.455   0.156   -0.021   0.461   -0.017   0.017   -0.017   -0.017   -0.017 


  6   0.266   -0.522   0.179   -0.024   0.53   -0.019   0.019   -0.019   -0.019   -0.019 


  6.4   0.359   -0.594   0.203   -0.027   0.603   -0.021   0.021   -0.021   -0.021   -0.021 


  6.8   0.383   -0.671   0.23   -0.031   0.68   -0.024   0.024   -0.024   -0.024   -0.024 


  7.2   0.382   -0.752   0.257   -0.035   0.763   -0.027   0.027   -0.027   -0.027   -0.027 


  7.6   0.484   -0.838   0.287   -0.039   0.85   -0.03   0.03   -0.03   -0.03   -0.03 


  8   0.512   -0.928   0.318   -0.043   0.942   -0.033   0.033   -0.033   -0.033   -0.033 


  8.4   0.52   -1.023   0.35   -0.047   1.038   -0.036   0.036   -0.036   -0.036   -0.036 


  8.8   0.63   -1.123   0.384   -0.052   1.139   -0.04   0.04   -0.04   -0.04   -0.04 


  9.2   0.662   -1.228   0.42   -0.057   1.245   -0.043   0.043   -0.043   -0.043   -0.043 


  9.6   0.68   -1.337   0.458   -0.062   1.356   -0.047   0.047   -0.047   -0.047   -0.047 


  10   0.796   -1.45   0.496   -0.067   1.471   -0.051   0.051   -0.051   -0.051   -0.051 
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  0 -5  1·10 -6  -1·10 -7  -2·10 -6  3·10 -6  -1·10 -3  -1·10 -3  1·10 -3  -1·10 -3  -1·10 -3  -1·10 


  0.1   -0.267 -4  -1.46·10 -5  4.944·10 -6  -3.682·10 -4  1.461·10 -3  -1.005·10 -3  1.005·10 -3  -1.005·10 -3  -1.005·10 -3  -1.005·10 


  0.2   -0.265 -4  -5.811·10 -4  1.984·10 -5  -2.373·10 -4  5.875·10 -3  -1.02·10 -3  1.02·10 -3  -1.02·10 -3  -1.02·10 -3  -1.02·10 


  0.3 -4  6.593·10 -3  -1.306·10 -4  4.466·10 -5  -5.714·10 -3  1.323·10 -3  -1.045·10 -3  1.045·10 -3  -1.045·10 -3  -1.045·10 -3  -1.045·10 


  0.4   -0.268 -3  -2.321·10 -4  7.941·10 -4  -1.039·10 -3  2.353·10 -3  -1.08·10 -3  1.08·10 -3  -1.08·10 -3  -1.08·10 -3  -1.08·10 


  0.5   -0.262 -3  -3.627·10 -3  1.241·10 -4  -1.641·10 -3  3.677·10 -3  -1.125·10 -3  1.125·10 -3  -1.125·10 -3  -1.125·10 -3  -1.125·10 


  0.6 -3  2.607·10 -3  -5.222·10 -3  1.787·10 -4  -2.376·10 -3  5.296·10 -3  -1.18·10 -3  1.18·10 -3  -1.18·10 -3  -1.18·10 -3  -1.18·10 


  0.7   -0.267 -3  -7.108·10 -3  2.432·10 -4  -3.244·10 -3  7.208·10 -3  -1.245·10 -3  1.245·10 -3  -1.245·10 -3  -1.245·10 -3  -1.245·10 


  0.8   -0.257 -3  -9.283·10 -3  3.177·10 -4  -4.247·10 -3  9.415·10 -3  -1.32·10 -3  1.32·10 -3  -1.32·10 -3  -1.32·10 -3  -1.32·10 


  0.9 -3  5.854·10   -0.012 -3  4.021·10 -4  -5.383·10   0.012 -3  -1.405·10 -3  1.405·10 -3  -1.405·10 -3  -1.405·10 -3  -1.405·10 


  1   -0.265   -0.015 -3  4.964·10 -4  -6.652·10   0.015 -3  -1.5·10 -3  1.5·10 -3  -1.5·10 -3  -1.5·10 -3  -1.5·10 


  1.1   -0.251   -0.018 -3  6.007·10 -4  -8.056·10   0.018 -3  -1.605·10 -3  1.605·10 -3  -1.605·10 -3  -1.605·10 -3  -1.605·10 


  1.2   0.01   -0.021 -3  7.149·10 -4  -9.593·10   0.021 -3  -1.72·10 -3  1.72·10 -3  -1.72·10 -3  -1.72·10 -3  -1.72·10 


  1.3   -0.262   -0.025 -3  8.39·10 -3  -1.126·10   0.025 -3  -1.845·10 -3  1.845·10 -3  -1.845·10 -3  -1.845·10 -3  -1.845·10 


  1.4   -0.244   -0.028 -3  9.73·10 -3  -1.307·10   0.029 -3  -1.98·10 -3  1.98·10 -3  -1.98·10 -3  -1.98·10 -3  -1.98·10 


  1.5   0.016   -0.033   0.011 -3  -1.501·10   0.033 -3  -2.125·10 -3  2.125·10 -3  -2.125·10 -3  -2.125·10 -3  -2.125·10 


  1.6   -0.257   -0.037   0.013 -3  -1.708·10   0.038 -3  -2.28·10 -3  2.28·10 -3  -2.28·10 -3  -2.28·10 -3  -2.28·10 


  1.7   -0.235   -0.042   0.014 -3  -1.928·10   0.043 -3  -2.445·10 -3  2.445·10 -3  -2.445·10 -3  -2.445·10 -3  -2.445·10 


  1.8   0.023   -0.047   0.016 -3  -2.162·10   0.048 -3  -2.62·10 -3  2.62·10 -3  -2.62·10 -3  -2.62·10 -3  -2.62·10 


  1.9   -0.251   -0.052   0.018 -3  -2.409·10   0.053 -3  -2.805·10 -3  2.805·10 -3  -2.805·10 -3  -2.805·10 -3  -2.805·10 


  2   -0.225   -0.058   0.02 -3  -2.67·10   0.059 -3  -3·10 -3  3·10 -3  -3·10 -3  -3·10 -3  -3·10 


  2.1   0.032   -0.064   0.022 -3  -2.944·10   0.065 -3  -3.205·10 -3  3.205·10 -3  -3.205·10 -3  -3.205·10 -3  -3.205·10 


  2.2   -0.244   -0.07   0.024 -3  -3.231·10   0.071 -3  -3.42·10 -3  3.42·10 -3  -3.42·10 -3  -3.42·10 -3  -3.42·10 


  2.3   -0.214   -0.077   0.026 -3  -3.532·10   0.078 -3  -3.645·10 -3  3.645·10 -3  -3.645·10 -3  -3.645·10 -3  -3.645·10 


  2.4   0.042   -0.084   0.029 -3  -3.846·10   0.085 -3  -3.88·10 -3  3.88·10 -3  -3.88·10 -3  -3.88·10 -3  -3.88·10 


  2.5   -0.235   -0.091   0.031 -3  -4.173·10   0.092 -3  -4.125·10 -3  4.125·10 -3  -4.125·10 -3  -4.125·10 -3  -4.125·10 
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