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Abstract 
 
This paper deals with the quickly developing technol-

ogy of the application of the joint action of laser treatment 
and permanent magnetic field. Measurements have been 
made and results have been derived for the case of wide-
band receivers. The research has been done using two 
different sources working in different frequency ranges. 
The goal is to increase the spectrum researched in order 
to decrease the probability of error occurrences. The 
strongly selective characteristics of the tissue at different 
frequencies have been checked indirectly. The research 
has taken into account the restrictions defined which are 
prompted by the in vitro research. The need for controlled 
environment has been noted, the morphological differ-
ences from the live tissue have also been noted, and a 
plan for future measurements has been devised. The goal 
is for the gradually derived results to be maximally ap-
proximated to the practically applicable ones.  

 
 

1. INTRODUCTION 
 
For the last years there have been a series of 

researches on the influence of the permanent 
magnetic field over laser treatment, and some 
interesting results have been observed [1].  

Two possible reasons for such effects have 
been observed. The first one is the Faraday 
effect or, more precisely, the influence over the 
environment between the laser source and the 
object treated. In this way one can influence the 
treatment polarisation. In this way one can influ-
ence treatment polarisation. However, no practi-
cal use of optical treatment polarisation control 
has been found yet. This is mainly due to the 
non-homogenous structure of flesh and the 

comparatively quick change of molecular level 
[2]. The sеcond possible reason is the local 
influence of the magnetic field over the treated 
area. This is the most perspective way to earn 
benefit from the joint influence of optical and 
magnetic fields. In the paper, we have specu-
lated on the second way.  

 
2. THEORY 
 
2.1. Problems with the choice of research  
       method 

 
There are several ways to measure the opti-

cal parameters of the tissue [2]. Depending on 
the experimental approach, one can derive the 
average coefficient of attenuation and the two 
coefficients of absorption and diffusion. If the 
angle dependence between the diffused energy 
is measured through twisting the respective 
detector, then the anisothropy coefficient can al-
so be derived.  

The simplest method for measuring the at-
tenuation is presented in fig.1.  

 

 
Fig.1. Measurement of the attenuation using a light divider 
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By using a light divider, half of the energy is 

directed to a comparative detector. Its other half 
is directed to the tissue sample. There is also a 
second detector located on the optical axis, 
which measures the energy that has passed. By 
subtracting the derived intensity from the one 
derived for the comparative detector, the at-
tenuation coefficient can be derived. The prob-
lem with this set is that there is no way to differ-
entiate between the absorbed and the diffused 
light. 

Another method through which the absorp-
tion can be defined contains one more additional 
component: integrational sphere. This sphere 
has a high reflectional internal surface. An inte-
grated detector measures only the light which 
has not been absorbed from the object inside 
the sphere.  

Another problem with the measuring process 
is the property of the biological tissue to change 
its paramaters during the process of irradiation 
due to heating. That is why it is important that 
measuring is done simultaneously and with the 
same model of the set. Another problem is the 
non-homogenity of biological tissue. This hin-
ders the comparison of experimental results 
from different test probes. Optical characteristics 
measured in vitro can differ significantly from the 
in vivo ones. There are a number of reasons: the 
tissues have different morphological structures; 
the tissue changes easily as a consequence of 
deformations and drying, freezing or dipping in 
liquids.  
 
2.2. Choice of optical source 

 
In the practical research we will use two dif-

ferent sources working in different wavelengths. 
The goal is to expand the spectrum researched 
and reduce errors.  

It is known that tissue has very selective 
characteristics for single wavelegths. 

For a first source we will use an infrared 
LED. Advantages of infrared LEDs are higher 
emitting power as well as higher effectiveness 
and optical penetration. The infrared light is ab-
sorbed mainly in water molecules: this defines 
great differences in the results in vivo and in 
vitro. The research of prof. H. Freedmann [1] al-
so includes infrared LEDs.  

For the second source we will use a He-Ne 
gas laser [3].  

The average wavelength is 632.8 nm. With 
such a wavelength, there is a relatively good 
absorption, mainly from pigments and proteins.  
 
2.3. Choice of measuring equipment  
       and experimental object 

 
We choose the research media (biological 

tissue) to be in vivo. 
In this way the derived results will be maxi-

mally approximated to the practically applicable 
ones. 

We also take into account the restrictions de-
fined which are prompted by the in vitro re-
search: a controlled environment is needed, also 
morphological differences from the live tissue 
and the lack of available equipment. For the 
research we choose the surface of the fingers. 

The construction of the receiver has to be of 
such a type, so as to be stably fixed to the tis-
sue.  

 
3. EXPERIMENTAL SETUP 
 
3.1. Basic parameters 

 
Intensity of the optical radiation -10mW/ cm2, 

Bandwidth – 600-1000nm; Magnetic Induction -
35mT. Used in the setup infrared LED is 
L200CIR941,made by Ledtronics Inc. For the 
second emitter we use He-Ne laser. Maximum 
output power of the used laser P = 3mW 
( ); Maximum output radiance of 
the infrared LED J = 50mW/sr; Radiant angle of 
the LED d =  = 0.35rad; Radiant angle of 
the He-Ne laser ) Within this 
wavelength ( ), there is relatively 
good absorption from pigments and proteins. 

For the optical flux receiver of infrared light 
we are going to use a photodiode with integrated 
transimpedance amplifier TSL260 produced by 
Texas Advanced Optoelectronic Solutions.  

For the optical sensor of the He-Ne laser we 
are going to use power meter Wilcom FM8510 
Power Meter 850/1310/1550 InGaAs. Dynamic 
range - +5dBm to -70 dBm, respectively with 
central wavelengths at 850,1310,1550 nm. Re-
solution – 0.01dB. 
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For the source of constant magnetic source 

we chose series of 8 tabular Neodymium mag-
nets - Nd2Fe14B, with measures 1x4x4 cm. Of 
all know ferromagnetic alloys, this one has the 
highest remnant static magnetic field Br=2000-
3000Gauss, coercitive force Hc=235-270kA/m 
and maximal magnetic energy (BxH)max=27-
35kJ/m3. We chose the Neodymium magnets 
because of their high magnetic characteristics, 
relatively small price and compact size. Sepa-
rate magnets make possible the regulation of 
the magnetic field by using them in different 
combinations.  

 
3.2. Calculations 

 
We calculate the intensity I of the laser beam 

by its given maximum output power:  
 

(1) , and  

,   
 
This results in:  
 

 
 
Where P is the radiant power in units of W, 

ω1/е is the beam radius specified at the 1/e 
points defined by Gaussian-shaped beam pro-
file. This beam radius is defined as the radius of 
an aperture that will just accept 63% of the inci-
dent power, i.e. 1/e of the incident power is 
blocked. We calculate roughly the absorption of 
the media and the absorption length of the laser 
radiation. The skin is one of the tissues with 
highest absorption properties. For this we as-
sume the minimal depth of propagation in the 
turbid media to be 1mm and the maximal 5mm. 
The absorption coefficient of the medium (skin) 
is α=268cm-1, we have the proceeding results: 
(4) 

mW/sr696,2
973,0.77,2.77,2)( 1,0.268,0)(

0 ==== −− eeIxI az
 

(5) 

mW/sr423,2
874,0.77,2.77,2)( 5,0.268,0)(

0 ==== −− eeIxI az
  

(6)        – absorption length. 

3.3. Experiments 
 
Measurement of the optical properties of the 

He-Ne laser, while adding and removing the 
constant magnetic field. We perform series of 
measurements with different amplitude of the 
applied magnetic field. No variations of the mea-
sured intensity of the transmitted through the 
tissue radiation are observed. The only source 
of alternation of the gathered results in the pres-
ence of fluctuations from the displacement of the 
tissue relatively to the emitter, heat variations 
due to overexposure of the powermeter’s ther-
mal sensor and the received reflection from the 
surface of the magnet. 

By analogy, we perform the same way the 
measurement of transmitted intensity of the 
infrared LED. No variations of the measured 
intensity of the transmitted through the tissue 
radiation are observed. 

There is no apparent change in the dielectric 
properties of the tissue, side effect of this would 
be increased or decreased losses. Both mag-
netic and laser fields can change the morpho-
logical structure of the substances. 

 
4. CONCLUSION 
 
4.1. General conclusions 
 

The used methods for measuring tissue pa-
rameters can be used for future research with 
the goal of practical application when solving a 
particular engineering problem.  

The restriction in the number of the different 
methods of measuring optical parameters leads 
to a significant decreasing of the problem-
solving time for problems of a similar nature. 

The comparative wide-band irradiation as 
well as the weak sensitivity of the measuring 
equipment are the main reasons for the derived 
results.Also thus introduced, the investigated 
medium, consist a lot of unknown parameters. 
The short duration of the research also restricts 
the derived results. 
 
4.2. Future development 

 
The application of a spectral analyser for the 

research. In this way the integration of the field 
intensity in wide-band detectors will be avoided. 



CEMA’08 conference, Athens 58 
Choice of other tissue samples. Application of 
Electron paramagnetic resonance analyzer in 
order to achieve a highly sensitive measuring of 
the electron transfer and the synthesizing of free 
radicals in the researched environment, monitor-
ing the spectrum of paramagnetic resonance 
emitted from the specific object.  
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