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Abstract: The optimization of noninvasive focused deep hyperthermia inductive heating with 
nanoparticles injected and magnetic shielding system for breast cancer treatment has been presented in 
this article and the results are discussed. It is a technique to control magnetic field intensity and focusing 
the heating area by using magnetic fluid and cylindrical metal shielded with aperture. To focusing and 
increase the heating efficiency in the breast cancer treatment. In the simulation, the inductive applicator 
is a ferrite core with diameter of 7 cm and excited by 4 MHz signal. We show that the magnetic field 
intensity can be controlled by changing the aperture size to suitable. The simulations show that the 
heating area can be effectively controlled by using the magnetic fluid together with shielding system. 
Results have shown that the efficiency of heat can be increased by varying the radius size of shielding. 
Moreover, we show that the heating efficiency can be increased by using the magnetic fluid 
nanoparticles. The advantage of proposed magnetic field shielding system with nanoparticles injected is 
that it can be applied to non-invasive focused deep hyperthermia inductive heating for breast cancer 
treatment. 
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INTRODUCTION 

 
 Cancer is one of leading cause of population death in worldwide. Cancer is the uncontrolled growth and 
spread of cells. It can affect almost any part of the body. Especially breast cancer, because of breast cancer has 
been increasing worldwide in every year. Therefore, it is desirable to remove the cancer from the human body as 
soon as possible. Cancer can be treated effectively by various methods such as surgical excision, chemotherapy 
and radio therapy including hyperthermia (Ben-Hur, E., et al., 1974; Antichi, P. P., et al., 1978; Oleson, J. R., 
1984; Kimura, I., et al., 1986; Charles, P., et al., 1995) which is one of noninvasive techniques. The demands for 
noninvasive cancer treatment by hyperthermia heating are rapidly growing (Storm, F. K., et al., 1982; Rosen, 
A., et al., 2002; Vander, V. A., et al., 2006; Stauffer, P. R., et al., 2004; Kotsuka, Y., et al., 2000;). There are 
few techniques for noninvasive deep hyperthermia (Kotsuka, Y., et al., 1996; Kotsuka, Y., et al., 2003; 
Ambrosio, V. D., et al., 2007; Kuroda, S., et al., 1999). Most of microwave heating methods could not be used 
for deep hyperthermia due to skin depth effect.  
 Conversely, low frequency technique is possible for deep treatment, however. The temperature in cancer 
cell can be increased by induction (Elliott, R. S., et al., 1982; Rahn, H., et al., 2013; Tiberio, C. A., et al., 1988; 
Dughiero, F., et al., 2005). To induce heat in the cancer cell, strong magnetic field has to penetrate the cancer 
cell to generate eddy current in the cell which can be visualized as electric loss. The eddy current will increase 
the cell temperature. The temperature of normal cells due to eddy current is constant since the cancer cell is 
more conductive than normal cell. Nevertheless, the direction of magnetic field is important for localizing the 
heating region. Radio-therapy for breast cancer requires regional heating with specific temperature. A magnetic 
shielded system has become an important topic for hyperthermia inductive heating because it can reduce the 
side effects of neighbouring normal cells from magnetic field. Because of high intensity magnetic field will side 
effects of neighbouring normal cells, which can have devastating to normal cells. Moreover, the magnetic field 
intensity is crucial for hyperthermia treatment since it controls tissue temperature. It has been shown that 
magnetic core orientation and position can control the field distribution in both horizon and vertical direction 
(Kotsuka, Y., et al., 2000). To concentrate magnetic field to a specific region, a shielding system is installed at 
the magnetic core. The location of heating can be controlled by moving the ferrite core. Resent the controlling 
heating position system in (Kotsuka, Y., et al., 2000) utilizes two metal plates to control the vertical magnetic 
field. One metal plate is placed between two ferrite cores and other two metal plates are placed closed to the 
ferrite cores. This configuration provides control over the vertical field and, hence, the heating location can be 
determined by the ferrite cores location. However, the magnetic field will leak thought the unshielded side of the 
ferrite cores. The leakage of magnetic field results in difficulty of controlling the heating area and also effects 
normal cells that is nearby. Consequently, the radio-therapy for breast cancer treatment requires regional heating 
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with specific temperature (Thanaset, T., et al., 2012). Because of, the temperature is directly proportional to 
magnetic field intensity. 
 In this paper, we proposed the optimization of noninvasive focused deep hyperthermia inductive heating 
with magnetic shielding system for breast cancer treatment and the results are discussed. We show that the 
magnetic field intensity can be controlled by varying the aperture size and the radius size of shielding plate to 
suitable (Thanaset, T., et al., 2012). In addition, the position of the heating region and heating efficiency can 
be controlled very well by using our magnetic shielded system as mentioned above with the magnetic fluid. It 
also uses principle injected of magnetic fluid into the cancer cell so that it can be attracted magnetic flux to 
cancer cell most effectively. In addition, the heating region at the position of cancer cells will be the most 
effectively and it can be penetrated into the breast even more. It is a technique to control magnetic field 
intensity and focusing the heating area by using magnetic fluid and a cylindrical metal shielding with 
aperture. To focusing and increase the heating efficiency in the breast cancer treatment, which electric loss 
density is analyzed for various aperture sizes and radius of shielded cylindrical. The magnetic applicator is 
located inside this shielding cylinder. Theoretical analyses investigate that a novel shielded system and 
magnetic fluid are effective for controlling the magnetic field distribution or heating position. Theoretical 
investigations were carried out using a lossy medium. The simulations show that the heating area can be 
effectively controlled by using the cylindrical shield with magnetic fluid. In the simulation, the inductive 
applicator is a ferrite core with diameter of 7 cm and excited by 4 MHz signal. The simulations show that the 
heating area can be effectively controlled by using the cylindrical shield with adjustable aperture size. The 
heating efficiency is reduced as the aperture size decreases. If the small heating area is needed, it may require 
longer treatment time. Nevertheless, the efficiency of heat can be increased by varying the radius size of 
shielding plate. Moreover, we show that the heating efficiency can be increased and focusing of heating 
region can be controlled by using the magnetic fluid with our shielded system. The proposed magnetic field 
shielding system with magnetic fluid is suitable for non-invasive focused deep hyperthermia inductive 
heating and preventing the side-effects for breast cancer treatment. 
 
The Concept and Construction of Shielding Systems: 
 The magnetic shielding system for noninvasive focused deep hyperthermia inductive heating in this 
proposed that consists of two cylindrical shielding plates. This system controls the vertical by enclosing the 
ferrite core with a cylindrical shield with aperture. Nevertheless the system in (Kotsuka, Y., et al., 2000) 
consists of a metal plate to control the magnetic field from a single side of the core. Unlike the regional heating 
system in (Kotsuka, Y., et al., 2000), since placing the metal plate only one side of the ferrite core in (Kotsuka, 
Y., et al., 2000) which can control the magnetic field only one side, it will be magnetic field leak in the opposite 
side of the shielding plate. Thus, it is very difficult to control the heating area. This magnetic field leakage 
results in spreading of the heating region that has an effect on another nearby tissues. The construction of 
magnetic shielding system and simulation model with magnetic fluid for noninvasive focused heating region are 
illustrated in Fig. 1 (a) and (b) respectively. 
 

                            
     (a)      (b) 
 
Fig. 1: Schematic of shielding system with ferro-fluid injected: The shielding system consists of two cylindrical 

shielding plates, controls the vertical by enclosing the ferrite core with a cylindrical shield with aperture. 
(a) Schematic of applicator system (b) The cross section of the breast analysis model injected the 
magnetic fluid into the cancer cell. 

 
 In this figure, a two dimension cross section of the analytic region is represented in order to easily 
understand the configuration of the shielding system analysis. The proposed shielding system limits the 
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magnetic field around the ferrite cores to confine the field in horizontal direction. Most of the vertical magnetic 
field will penetrate into the heating body via the aperture and, hence the heating region size can be determined 
by the aperture size. Moreover, the heating position can be focused from the top to the bottom and the left to the 
right of the breast by moving the orientation of the cancer model with magnetic fluid in x-axis and y-axis 
direction is illustrated in Fig. 1. In addition, the design of magnetic field shielding system is necessary to take 
into consideration the attenuation of the magnetic field properties of the various materials used in order to 
spread the magnetic field over the specific area and leakage of magnetic field to the nearby areas to a fewest. 
Therefore, we have to consider effects of magnetic field shielding of various materials that were tested, such as, 
copper (Cu), lead (Pb), steel (Fe) and transformer steel (Ck-37), which has conductivity, relative permeability 
and relative permittivity are illustrated in TABLE 1. 
 
Table1: Properties of various materials to be tested. 

Materials conductivity permeability 
copper (Cu) 

59.6
6

10  
1 

lead (Pb) 
5.0

5
10  

1 

steel (Fe) 
7.14

6
10  

700 

transformer steel (Ck-37) 
2.17

5
10  

4000 

 
 The investigation of the effective reduction of the magnetic field for various materials was carried out in the 
study. To analyses the effective of magnetic field shielding of materials, we specify a current source of the 
magnetic field (Js) 1 A/m2. Within the cylindrical shield plate with dimensions 15 15 cm and a thickness of 1 mm 
copper plate as shown in Fig. 2. 
 

 
 
Fig. 2: Schematic of shield plate and distance to measure the intensity of the magnetic field for various 

materials. The material used in the analyses consists of copper, lead, steel and transformer steel. 
 
 Figure 2 represents the model of cylindrical shield plate and distance to measure the intensity of the magnetic 
field (Du, Y., et al., 1996; Kotsuka, Y., et al., 2009). After that, we analyzed the effectiveness of magnetic field 
shielding (SE) of various materials in following equation (1) (Hasselgren, L., et al., 1995). 
 

( ) 20 log
HunshieldSE dB
Hshield

 
 
  

         (1) 

 
 For analyzing the effective shielding of magnetic field in our study is illustrated in Fig. 3. The material used 
in the analyses consists of copper, lead, steel and transformer steel, as mentioned above. Fig. 3 shows that the 
effective of magnetic field shielding of various materials were tested. The horizontal axis represents the distance 
from the edge of the cylindrical shielding plate and the vertical axis shows the effectiveness of the shielding for 
various materials. The analysis found that the copper materials will be provided the most effective shield 
approximately 25.47 dB. Therefore, we chose copper as the material used for the analysis and design of 
magnetic shielding system. Because copper is a material that can be reduced to a maximum magnetic field in 
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order to study the characteristics of magnetic field shielding system which are applied with various aperture 
sizes to control the magnetic field density and heating position appropriately. 
 The schematic of the analytical model of magnetic field shielding system is shown in Fig. 1 (b). Which 
represent the cross section of the breast analysis model injected the magnetic fluid into the cancer cell. The 
heating model as mentioned above is made from agar phantom with conductivity, relative permeability and 
relative permittivity are 0.62 s/m, 1 and 130 respectively. A phantom simulating a human breast was placed 
between a pair of ferrite cores with magnetic shielded. The magnetic shield plate is a cylindrical metal with 
conductivity of 5.84e4 s/m. The ferrite core is a highly magnetic material with 0.001 s/m conductivity and 
relative permeability at 200. The magnetic flux density to resolve the problem of heating region and a local 
heating for analysis of temperature distribution will be illustrated in section of numerical results and temperature 
distribution. 
 

 
 
Fig. 3: The effectiveness of magnetic field shielded of various materials that were tested. The horizontal axis 

represents the distance of the cylindrical shielding plate and the vertical axis shows the effectiveness of 
the shielding for various materials. 

 
Analysis of Temperature Distribution: 
 In this section, we investigate the magnetic flux density, which can be controlled by varying the aperture 
size. In order to resolve the problem of heating region and a local heating can be controlled by varying the 
aperture and radius size of the shielded system. To determine a method of heating induction and controlling 
heating position, we solved Maxwell’s equation and analyzed by using the full wave three-dimensional 
numerical simulation (Chanchai, T., et al., 2002) following equations (Renhart, W., et al., 1992; Yee, K. S., 
1966). The construction of magnetic shielding system to verify the field distribution on the heating model is 
performed using full wave 3-D numerical simulation. 
 

E j H              (2) 

0H J j E E              (3) 

 
where E  is the electric field, H  is the magnetic field,   is the radian frequency,   is the permeability, 0J  is 

the forced current density,   is the permittivity and   is the electrical conductivity In this analysis, the 
following fundamental equation for vector potential A , which takes the eddy current into consideration, is used. 
Solving the below equation for A , the magnetic field and eddy current distribution is calculated as follows. 

0( )A J J              (4) 

0( )
A

A J
t

   


     


         (5) 

where  , J  and   represent the magnetic reluctance, the current density and the electric potential, 

respectively. In the electromagnetic analysis, we derive the lowest resonant frequency of the applicator. 
Subsequently, the temperature distributions are observed. The temperature distribution in lossy media can be 
calculated from bioheat transfer equation by assuming the lossy media is human tissue or breast replica. It can 
be expressed as (Roemer, R. B., et al., 1984; Milovanovic, B., et al., 2002; Mateev, V., et al., 2013). 
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*P J J             (7) 
 

A
J

t
  

   


           (8) 

 

where T  is the temperature, t  is the heating time, TR  is the distribution temperature,   is the liquid water 

flow ratio to the moisture transfer, pC  is the specific heat capacity of an object, hL  is the latent heat of 

vaporization, lM  is the mass of liquid, P  is the heat source of distribution and   is the local physical density 

of tissue. The simulation of induction heating was conducted by analyzing eddy current distribution of the 
inductive applicator is a ferrite core, its will be discussed in the next section. 
 
Numerical Results and Discussion: 
 In this section, we investigate the magnetic flux density, which can be controlled by varying the aperture 
size. In order to resolve the problem of heating region and a local heating can be controlled by using the 
shielded system.  Moreover, the position of the heating region and heating efficiency can be controlled very well 
by using our magnetic shielded system as mentioned above with the magnetic fluid. It also uses principle 
injected of magnetic fluid into the cancer cell so that it can be attracted magnetic flux to cancer cell most 
effectively. The construction of magnetic shielding system to verify the field distribution on the heating model, 
full wave 3-D numerical simulation was performed using full wave three-dimensional numerical simulation. 
 
A. Evaluate Electric Loss Density: 
 To find out how to control the magnetic flux and heating region, we will change aperture size to get the most 
excellent heating efficiency, while causing smallest magnetic flux leakage to another nearby tissue. The proposed 
shielding system limits the magnetic flux around the ferrite cores to confine the field between two ferrite cores. It is 
a technique to control magnetic field intensity and relocate the heating area by using a cylindrical metal shielding 
with aperture. The demonstration shows that the magnetic field intensity can be regulated by varying the aperture 
size. From these theoretical investigations, one effective method to control a heating region in the breast was 
found. Hence, the temperature in the heating body can be controlled by the size of shielding aperture. Electric loss 
density for the heating model was evaluated. The ferrite core is excited by 4 MHz signal. The aperture sizes in the 
simulation are 5 cm, 7 cm and 8 cm. Electric loss density images for heating region of the ferrite core without 
shield and cylindrical shield with all aperture sizes are shown in Fig. 4. 
 

                             
    (a)      (b) 

                             
    (c)      (d) 
 
Fig. 4: Electric loss density of the heating model (a) ferrite core without shielding (b) cylindrical shielding with 

5 cm aperture (c) cylindrical shielding with 8 cm aperture (d) cylindrical shielding with 10 cm aperture. 
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 Figure 4 represents the heating region of the ferrite core with and without cylindrical shield. The heating 
region has spread over the large area when the ferrite core is unshielded with cylindrical shield as shown in Fig. 
4 (a). When the ferrite core is cylindrical shielded with various aperture size, the heating region size is confined 
in smaller area as shown in Fig. 4 (b)- Fig. 4 (d). It could be observed that the heating region size is reduced 
when the aperture size is smaller. It can be seen that the heating region is controlled by varying the aperture size 
are illustrated in TABLE 2.  
 From TABLE 2, we found that the aperture size of 8 centimeters can perform the best results because the 
electric loss density is high. Furthermore, it can control the leakage of the magnetic field or the effectiveness of 
magnetic field shielding (SE) more effectively (Hasselgren, L., et al., 1995; Thanaset, T., et al., 2012). However, 
the heating efficiency is reduced as the aperture size decreases. Nevertheless, if the small heating area is needed, 
it may require longer treatment time. More treatment time may be required to heat the cancer cell to desire 
temperature. 
 
Table 2: Evaluate the electric loss density from changing the aperture sizes. 

aperture sizes of shield plate 
(cm) 

electric loss density (W/m3) magnetic flux density effective of magnetic field shielding 
(dB) 

without shielding 295.0 433.0 - 
10 189.0 297.0 3.27 
9 187.0 295.0 3.33 
8 184.0 291.0 3.45 
7 152.0 285.0 3.63 
6 150.0 280.0 3.77 
5 149.0 275.0 3.94 
4 132.0 271.0 4.07 
3 112.0 269.0 4.13 
2 101.0 265.0 4.26 

 
 The simulations show that the heating area can be effectively controlled by using the cylindrical shield with 
adjustable the aperture size as mentioned above in TABLE 2. The heating area was determined by the aperture 
size of the cylindrical shield. Due to the heating area is proportional to the aperture size. In unshielded cores, the 
heating area spreads unpredictably, and, hence, it is difficult to limit the heating area when the cores are 
unshielded. Simulations show that the heating area can be controlled by the aperture size of cylindrical shield. In 
contrast, heating area is difficult to predict when unshielded cores are used. However, the heating efficiency is 
reduced as the aperture size decreases. Nevertheless, if the small heating area is needed, it may require longer 
treatment time. More treatment time may be required to heat the cancer cell to desire temperature. It can also 
increase heating efficiency by varying the radius size of shielding plate. 
 Subsequently, we investigate the heating efficiency can be increased by changing the radius size of cylindrical 
shielding plate. To find out how to increase the magnetic flux and heating efficiency, we will change the radius size 
of shield plate to get the most excellent heating efficiency, while causing smallest magnetic flux leakage to another 
nearby tissue. We show that the heating efficiency can be increased by varying the radius sizes of cylindrical shield 
plate are illustrated in Fig. 5. 
 
Table 3: Evaluate the electric loss density from changing the radius sizes. 

radius size of shielding plate 
(cm) 

electric loss density (W/m3) magnetic flux density effective of magnetic field shielding 
(dB) 

2.75 191.0 300 3.18 
2.50 191.0 300 3.18 
2.25 191.0 300 3.18 
2.00 191.0 299 3.22 
1.75 189.5 299 3.22 
1.50 189.0 300 3.18 
1.25 188.5 301 3.16 
1.00 188.0 299 3.22 
0.75 187.0 298 3.24 
0.50 186.0 299 3.22 
0.25 185.0 300 3.18 

 
 Figure 5 represents the heating efficiency when the radius size of cylindrical shield plate is changed. The 
simulations show that the heating efficiency can be effectively controlled by varying the radius size of 
cylindrical shield plate with fixed aperture size of 8 cm is unchanged, obtained from previous studies. Due to 
aperture size of cylindrical shield plate more than 8 cm the heating region have spread over the large area 
uncontrollable, and it is difficult to limit the magnetic field. However, the heating efficiency has increased 
when the radius size of cylindrical shield plate is increased as shown in Fig. 3 (b) and (c). Subsequently, 
when increasing the radius of more than 8 cm, the heating efficiency is slightly different or approximately the 
efficiency of heating are not changed. It could be observed that the efficiency of heating size has a few 
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changed, when the radius size of cylindrical shield plate increasing more than 8 cm. It can be seen that the 
heating efficiency is controlled by varying the radius size of cylindrical shield plate are illustrated in TABLE 
3. 
 

                             
    (a)      (b) 

                             
    (c)      (d) 
 
Fig. 5: Electric loss density of the heating model (a) radius size of shielding plate is 0.5 cm (b) radius size of 

shielding plate is 1.5 cm (c) radius size of shielding plate is 2 cm (d) radius size of shielding plate is 2.5 
cm. 

  
 From TABLE 3, we found that the radius size of cylindrical shield plate is 2 cm with aperture size of 8 cm 
it will give the best results. Because of the electric loss density is highest. In addition, it can control the leakage 
of the magnetic field or the effectiveness of magnetic field shielding more effectively. From this investigated 
shows that the heating efficiency can be increased by changing the radius size of cylindrical shield plate. 
However, when the cylindrical shielded have radius size more than 2 cm the heating efficiency is slightly 
different or approximately the efficiency of heating are not changed. It will also influence to the applicator of 
the system is very large. The simulations show that the radius size of cylindrical shield plate is 2 cm with 
aperture size of 8 cm it will give the best most excellent heating efficiency results, while causing smallest 
magnetic flux leakage to another nearby tissue. 
 
B. Investigate the Heating Orientation and Focusing: 
 Moreover, we investigate the position of heating region by using the magnetic shielded system as 
mentioned above with the magnetic fluid. Due to, principle injected of magnetic fluid into the cancer cell so that 
it can be attracted magnetic flux to cancer cell most effectively. Simulations show that the heating and focusing 
can be relocated by using the magnetic field shielding system and magnetic fluid with fixed radius size of 
cylindrical shield plate is 2 cm with aperture size is 8 cm are unchanged, obtained from previous studies. 
Because of the radius size of cylindrical shield plate is 2 cm with aperture size of 8 cm it will give the best most 
excellent heating efficiency results, while causing smallest magnetic flux leakage to another nearby tissue. The 
effect of magnetic shielded system and magnetic fluid to heating location and focused deep hyperthermia are 
also studied. We show that the heating region can be focused or relocated by using the magnetic fluid as shown 
in Fig. 6, and the focal point of the cancer cells to be heating more effectively when used in combination with 
the magnetic shielding system. 



Aust. J. Basic & Appl. Sci., 7(8): 757-766, 2013 

764 
 

                             
    (a)      (b) 
 
Fig. 6: Electric loss density of the heating model by using the magnetic fluid so that it can be attracted magnetic 

flux to cancer cell most effectively (a) cross sectioned of the heating region and focused at the cancer 
cell deep in the breast is equal to 2 cm (b) position of the cancer cell with injected of magnetic fluid 
changed from original position in the left hand is equal to 3 cm. 

 
 Furthermore, the effect of noninvasive focused deep hyperthermia inductive heating of the heating region was 
investigated in the original position to the various heating location of cancer cells is altered. The result shows that 
the heating location can be relocated by changing the position of the cancer cell with magnetic fluid injected, as 
shown in Fig. 7. 
 

                             
    (a)      (b) 
 
Fig. 7: Electric loss density of the heating model by using the magnetic fluid (a) cross sectioned of the heating 

focused at the cancer cell deep in the breast is equal to 4 cm (b) position of the cancer cell with injected 
of magnetic fluid changed from original position in the left hand is equal to 3 cm. 

 
 Figure 6 represents the heating efficiency when uses principle injected of magnetic fluid into the cancer cell 
so that it can be attracted magnetic flux to cancer cell most effectively. The heating region at the position of 
cancer cells will be the most effectively and it can be penetrated into the breast even more. The maximum 
electric loss density for the heating region and focused at the cancer cell deep in the breast equal to 2 cm is 254 
W/m3. In addition, position of the cancer cell with injected of magnetic fluid changed from original position to 
the left hand, the position of the heating region can be focusing accurately and high efficiently. The maximum 
electric loss density of the heating region at the cancer cell for changed from original position to the left hand 
is 263 W/m3. Moreover, the simulation results in Fig. 7 show that the effect of noninvasive focused deep 
hyperthermia inductive heating of the heating region can be removed from the top to the bottom of the breast 
model by changing the position of the cancer cell with magnetic fluid injected, deep in the breast equal to 4 
cm. The maximum electric loss density for this position is equal to 205 W/m3. And the maximum electric loss 
density of the heating region at the cancer cell changed from starting position to the left hand in this case is 
210 W/m3. 
 From the simulation results, we show that the heating efficiency can be increased and focusing of heating 
region can be controlled by using the magnetic fluid with magnetic shielded system. Because of principle injected 
of magnetic fluid into the cancer cell so that it can be attracted magnetic flux to cancer cell most effectively. The 
heating region at the position of cancer cells will be the most effectively and it can be penetrated into the breast 
even more. Nevertheless, it also given to thermal efficiency, it can be prevented the side-effects of hyperthermia 
cancer treatment of neighbouring normal cells. 
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Conclusion: 
 The optimization of noninvasive focused deep hyperthermia inductive heating with magnetic shielding 
system for breast cancer treatment is presented. It is a novel technique to control magnetic field intensity and 
focusing the heating area by using magnetic fluid and a cylindrical metal shielding with aperture. The 
distribution of the lossy medium was analyzed using the full wave 3-D numerical simulation. In the simulation, 
the inductive applicator is a ferrite core with diameter of 7 cm and excited by 4 MHz signal. The simulations 
show that the heating area can be controlled by using the cylindrical shield. From the simulation we found that 
the heating efficiency is reduced as the aperture size decreases. Nevertheless, the efficiency of heat can be 
increased by varying the radius size of shielding plate, due to the heating area is proportion to the aperture size. 
The results show that the suitable radius size of cylindrical shield plate increasing is 2 cm with aperture size is 8 
cm it will give the best most excellent heating efficiency results, while causing smallest magnetic flux leakage 
to another nearby tissue. Moreover, the investigations we found that the principle injected of magnetic fluid into 
the cancer cell so that it can be attracted magnetic flux to cancer cell most effectively. In addition, the heating 
region at the position of cancer cells will be the most effectively and it can be penetrated into the breast even 
more. The magnetic field shielding system with magnetic fluid injected could perform the best results because 
the electric loss density is high equal 263 W/m3. The proposed magnetic field shielding system with magnetic 
fluid is suitable for non-invasive focused deep hyperthermia inductive heating for breast cancer treatment. 
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