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where AðnÞ – the numerical coefficient, l is the wavelength, re the classical electron radius.

DSðrÞ describes the turbulence spectrum FNe
ðqÞ for the spatial frequency region near

q ¼ 1=r. The temporal structure function, DSðtÞ, can be measured directly using pulsar tim-

ing data (Cognard and Lestrade, 1997) and it gives us the information about spectrum on a

large spatial frequency q. The structure function (SF) of the variations of the time residuals dt
due to propagation in the turbulent medium, Ddt;turbðtÞ, is reduced to DSðtÞ by the relation

DSðtÞ ¼ ð2pf Þ2Ddt;turbðtÞ.

DSðtÞ can be measured for small values of t using data on intensity variations in the satu-

rated scintillation regime. We will define the characteristic time scale of scintillation, tdif , as

DSðtdif Þ ¼ 1=2. The spatial scale of diffractive scintillation in the case of statistically homo-

geneous medium is connected with tdif by a simple relation: r ¼ 2ðn�2ÞV?tdif .

Information about the structure function in the region of spatial scale of refractive scin-

tillation can be obtained from measuring of modulation index, mref , and time scale of flux

variations of pulsars, Tref . There r ¼ V?Tref . Electron density inhomogeneities in the line

of sight can be characterized by structure function:

DDM ðrÞ ¼ h½DM ðr1 þ rÞ � DM ðr1Þ�
2
i ð4Þ

DSðrÞ is connected with DDM ðrÞ by a linear relation DSðrÞ ¼ 6:38 � 1014DDM ðrÞ, where DM

is measuring in pc=cm3.

For construction of structure function in the wide range of scales we have to convert

observations at different frequencies to a given frequency f0:DSðrÞ ¼ ð f =f0Þ
2DSðrÞ.

Another thing that we have to do is to convert data to the same physical conditions: to

the same effective thickness of medium causing scintillation, R0, and to the same electron

density, Ne. It is well known that ISM consists of two main components: A and B

(Cordes et al., 1985). Component A belongs to an outer arm homogeneous media. For it

DM < DM0 ffi 30 pc=cm�3 and the main factor of scattering parameters variations in differ-

ent directions is variation of distance and so, DM / R. As a standard we will use DM0,

R0 ffi 1 kpc. For component A we have:

DS;0;AðrÞ ¼ DSðrÞðDM0=DM Þ ð5Þ

Component B ðR > 1 kpcÞ belongs to the spiral arms, it is inhomogeneous and the main fac-

tor of DM and scattering parameters variations is electron density variations (Punzar’ and

Shishov, 1997; Smirnova et al., 1998). So to convert SF for pulsars with DM > DM0 to

the standard condition we will use:

DS;0;BðrÞ ¼ DS;BðrÞðDM0=DM Þ
a
� ðR0;B=R0;AÞ

a�1
ð6Þ

For construction of SF we choosed only pulsars with DM � 30 pc=cm3 and known from

literature measurements of diffractive time scales at different frequencies. We got a ¼ 4:1
from fitting the line in log-log scale to data of DSðDM Þ.

In Figure 1 we show the composite structure function obtained from different kinds

of observations which we converted to the same physical conditions using Eqs. 5 and 6.

The open circles correspond to data from diffractive scintillation; stars are from scattering

angle measurements at 326 MHz (Gwinn et al., 1993); crusts are from flux variations of pul-

sars – refractive scintillations (Stinebring et al., 2000); filled circles at scales less than 1015 m

are from timing of PSR 1821–24 (Cognard and Lestrade, 1997) and PSR 0329 þ 54

(Shabanova, 1995). To get the evaluation of structure function at the largest spatial scales
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we did analysis of DM variations of close pulsar pairs with the angular separation of

Dl � 0:1� located in Globular Clusters. The spatial scale we defined as r ¼ R0 � sinðDlÞ=
sinðbÞ, where R0 ffi 1 kpc and b is a pulsar galactic latitude. Filled circles at scales

r > 1014 m correspond to mean values of SF inside of interval of r with the number of points

not less than 6. As we can see from Figure 1 all data for distant pulsars can be described quite

well by a simple Kolmogorov spectrum (solid line) in the very wide range of spatial scales:

ð106 � 1017Þm and for r 	 ð0:05 � 2Þ pc structure function doesn’t grow up and goes to the

saturation level about 3:5 � 1012. The outer scale defined as 1=2 of saturation level is 1015 m.
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FIGURE 1 The complicated structure function versus spatial scale of ISM inhomogeneities. Solid line corresponds
to Kolmogorov spectrum; dash line – for spectrum with n ¼ 3:5.
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