
13/10/23 Prof. A. Buono

Master Degree in Information Technology Engineering 
for Health and Communication: Health Curriculum

BASIS



13/10/23 Prof. A. Buono

BASIS

Table of contents:

• Forward modeling

• Decibels

• Near and far field

• Penetration depth

• EM spectrum

2



13/10/23 Prof. A. Buono

BASIS

Forward modeling:
Any EM problem can be addressed by solving the complete set of Maxwell’s equations
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Forward modeling:
Q. S. - ElectricFull-wave StationaryQ. S. - Magnetic

Propagation
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Forward modeling:

A static magnetic field (1.5 T or 3 T) is used in Magnetic Resonance Imaging
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Forward modeling:

Endogenous electric fields are involved in the organisation and development of tissues, as well as in their 
regeneration following injury. They are stimulated using static electric fields.
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Forward modeling:
The coupling capability between EM waved and biological tissues does not depend on the tissue physical 

dimension (L) but on their electrical dimensions (k)
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Forward modeling:
A tissue or an EM radiating source is termed to be 
“electrically small” if its largest physical dimension is 
“significantly” smaller than the shortest wavelength:

𝐿	 ≪ 	𝜆	or	𝑘 ≪ 1𝑘 =
𝐿
𝜆

8



13/10/23 Prof. A. Buono

BASIS

Forward modeling:
When the EM problem is electrically small, lumped-circuit models together with Kirchhoff’s laws can be used for 
solving rather than Maxwell’s equations.
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Forward modeling:

It must be pointed out that k depends on the dielectric properties of the medium:

𝑣 = !
"#
= $!

""#"

𝑣Muscle(𝑓 = 100	MHz) =
!	×	$%!	&/(
$).+	×	$	 = 

84,182,029 m/s = 0.28 𝑣%

𝜆 =
𝑣
𝑓𝑘 = 𝑔(𝐿, 𝜆)
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Forward modeling: dielectric properties of tissues
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Forward modeling: showcase

COUPLING

50 m

2 m

Bandwidth = 1 GHz
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Forward modeling: showcase

COUPLING

50 m

2 m

Bandwidth = 1 GHz

The problem is «electronically large» 
and, hence, the complete set of 
Maxwell’s equations is needed.
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Forward modeling: showcase

1 mm

• Signal frequency = 20 GHz
• v = 2.1 × 108 m/s
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Forward modeling: showcase

1 mm

• Signal frequency = 20 GHz
• v = 2.1 × 108 m/s

The problem is «electronically small» and, hence, 
lumped-circuit models can be used.
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Decibels:

ü Human ears feel noise according to a logarithmic scale

ü To exploit math properties of log function

ü To compress the large dynamic range of signals involved in bioEM

ü To express SNR or measurement/reference signals
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Decibels:

17



13/10/23 Prof. A. Buono

BASIS

Decibels:

• 1 V                       dBμV ?

• 350 mV                     dBμV ?

• 630 mA                     dBmA ?

• 250 mW                     dBμW ?
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Decibels:

• 1 V                       120.00 dBμV

• 350 mV                     110.88 dBμV

• 630 mA                     55.99 dBmA

• 250 mW                     53.98 dBμW 
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Decibels:
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Decibels:

• 108 dBμV             V ?

• 44 dBμV/m                         μV/m ?

• 56 dBm                            W ?
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Decibels:

• 108 dBμV            0.2512 V

• 44 dBμV/m                           158.49 μV/m

• 56 dBm                           398.107 W
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Near and far field:

NEAR FIELD

!𝐸! = 2
"#$%
&'

 𝜂(𝛽(
)𝑐𝑜𝑠𝜃(𝑗 *

+!
"!"

− 𝑗 *
+!

#!#
)𝑒,-+!!

!𝐸. =
"#$%
&'

 𝜂(𝛽(
)𝑠𝑖𝑛𝜃(𝑗 *

+!!
+ *
+!

"!"
− 𝑗 *

+!
#!#
)𝑒,-+!!

!𝐸/ = 0

FAR FIELD

!𝐸00 = 𝑗𝜂(𝛽(
4𝐼𝑑𝑙
4𝜋

𝑠𝑖𝑛𝜃
𝑒,-+!!

𝑟
4𝜃

max(3𝝀,𝟐𝑫
𝟐

𝝀
)

Distance 
from source
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Near and far field:

0𝐸, = 2𝑀4𝐼
𝑒-./"0

𝑟
𝐹 𝜃

Antenna factor Antenna pattern

• Î is current at the center of the antenna
• 0 < F(𝜃) < 1
• 2𝑀 depends on the antenna type

Hertzian dipole:

Half-wave dipole:

=𝑀 = 𝑗
𝜂(
2𝜋

= 𝑗60 𝐹 𝜃 =
cos 1

2𝜋 cos 𝜃
sin 𝜃

=𝑀 = 𝑗
𝜂(𝛽(
4𝜋 𝐿 = 𝑗2𝜋 H 10,3𝑓𝐿 𝐹 𝜃 = sin 𝜃
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Near and far field:

The incident EM field onto a tissue can be thought as generated by a far-field antenna. As a
result, it can be evaluated using the Friis link equation:

d

PT

G

:𝐸1 =
60𝑃2𝐺
𝑑

:𝐻1 =
:𝐸1

𝜂%
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Near and far field:
Considering the Hertzian dipole as the elementary electric field source, it was shown that in
the far field:

1) Eθ and Hφ are mutually orthogonal.
2) |Eθ|/|Hφ| is the free-space intrinsic impedance, η0.

This is no longer true for near fields.

A further reasonable criterion to determine the near-/far-field region boundary is to find the
distance from the source where the ratio |Eθ|/|Hφ| is about η0.
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Near and far field:

4𝑍3 =
0𝐸,
2𝐻4

= 𝜂%
𝑗 𝛽%𝑟 +

1
𝛽%𝑟 ) −

𝑗
𝛽%𝑟 !

𝑗 𝛽%𝑟 +
1

𝛽%𝑟 )

4𝑍3 =
0𝐸4
2𝐻,
= −𝜂%

𝑗 𝛽%𝑟 +
1

𝛽%𝑟 )

𝑗 𝛽%𝑟 +
1

𝛽%𝑟 ) −
𝑗

𝛽%𝑟 !

4𝑍3 is termed as wave impedance (“intrinsic impedance” in the far field case). 
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Near and far field:

4𝑍3 =
0𝐸,
2𝐻4

= 𝜂%
𝑗 𝛽%𝑟 +

1
𝛽%𝑟 ) −

𝑗
𝛽%𝑟 !

𝑗 𝛽%𝑟 +
1

𝛽%𝑟 )

4𝑍3 ≅	𝜂%

4𝑍3 ≅	𝜂% −𝑗
1
𝛽%𝑟

Far-field (β0r >> 1)

Near-field (β0r << 1)
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Near and far field:

Hence, in the near field, the electric dipole is termed as high impedance source since its
wave impedance is larger than the intrinsic one.

Electric source Near-field
Hertzian dipole

0𝐸,~
1
𝑟!

2𝐻4~
1
𝑟)

4𝑍3 5 =
1

2𝜋𝑓𝜀%𝑟
= 60

𝜆%
𝑟
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Near and far field:

4𝑍3 =
0𝐸4
2𝐻,
= −𝜂%

𝑗 𝛽%𝑟 +
1

𝛽%𝑟 )

𝑗 𝛽%𝑟 +
1

𝛽%𝑟 ) −
𝑗

𝛽%𝑟 !

4𝑍3 ≅	𝜂%
4𝑍3 ≅ −𝑗𝜂%𝛽%𝑟

Far-field (β0r >> 1)

Near-field (β0r << 1)

30



13/10/23 Prof. A. Buono

BASIS

Near and far field:

Hence, in the near field, the current loop is termed as low impedance source since its wave
impedance is lower than the intrinsic one.

Magnetic source

Near-field
Current loop

2𝐻,~
1
𝑟!

0𝐸4~
1
𝑟)

4𝑍3 6 = 2𝜋𝑓𝜇%𝑟 = 2369
𝑟
𝜆%
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Penetration depth:

𝑒-78 = 𝑒
-8
9 = 𝑒-8 :;<=

The penetration depth 𝛿	 is defined as the 
depth where the power density is just 1/e 
(about 37%) of the surface value. 

Media with higher loss factor εr'' (imaginary 
part of the complex electric permittivity) show 
faster microwave energy absorption.

𝛿 = $
:;<=

m
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Penetration depth:

Note that δ depends on both tissue (conductivity) and EM 
wave (frequency) properties.
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Penetration depth:
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EM spectrum:
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EM spectrum:
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EM spectrum:
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