
Magnetic Loop Antenna calculation
Please fill in the green fields:

Frequency [Hz] fo 14100000
Freq. range: f 1000000 1001000 4000000
Conductor diametter [m] d 0.022
Diameter of the loop [m] D 0.8
Number of turns N 3
Transmitting power [W] P 100
Spacing between turns
[m] (measured to the
center conductor)

C 0.045

Material conductivity [S/m] σ 58.108 10
6



c 299.792 10
6

 μ 4π 10
7



GEOMETRY

Wavelenght [m] λ f( )
c

f
 λ fo( ) 21.262

Lenght (circumference ) of one turn [m] U π D U 2.513

Lenght of N-turn loop [m] Uall U N Uall 7.54

Diameter to wavelenght ratio [%] k f( )
U 100

λ f( )
 k fo( ) 11.821

Diameter of coupling loop [m] dv
D

5
 dv 160 10

3


Lenght of coupling loop [m] u dv π u 502.655 10
3



Surface of mail loop [m^2] A π
D

2

4
 A 502.655 10

3


GEOMETRY

Rezistances



Rr f( )
8 120π( ) π

3


3

N
2

A
2



λ f( )
4

 Rr fo( ) 346.839 10
3

Radiation rezistance []

δ f( )
2

2π f μ σ
 δ fo( ) 17.583 10

6
Skin-depth [m]

another eq: δ2 f( ) 10
3

50.3
1.673

f
 δ2 fo( ) 17.326 10

6


Surface of orthogonal conductor
cut (respecting skin-depth): 

Sc π δ fo( ) d δ fo( )( ) 10
6

 Sc 1.214 mm
2

Omit Skin-effect if d/>1
d

δ fo( )
1.251 10

3


Loss resistance[]

Conductor surface resistance [] Rs f( )
π f μ

σ
 Rs fo( ) 978.749 10

6


HF resistance for one turn loop [] Rl f( )
Uall Rs f( )

π d
 Rl fo( ) 106.773 10

3


(For N-1 use Rl)

Overall R [] Rin f( ) Rl f( ) Rr f( )( ) N 1=if

RL f( ) Rr f( )( ) N 1if


Rin fo( ) 474.432 10

3


Rezistances

Main loop inductance [H]   Lmain μ
D

2
 ln

8 D

d






2





 N
2

 Lmain 16.616 10
6



Internal inductance [H] Li f( )
Uall

2 π fo π d
Rs f( ) Li fo( ) 1.205 10

9


Total inductance [H] Lall f( ) Lmain Li f( ) Lall fo( ) 16.618 10
6



Resonant  capacitance [F] Xin f( ) 2π f Lall f( ) Xin fo( ) 1.472 10
3



Tuning capacitor [F] Cr f( )
1

2π f

Xin f( )

Rin f( )
2

Xin f( )
2


 Cr fo( ) 7.667 10

12




R0 f( )
N Rs f( )

π d
Ohmic skin-efect resistance for N-loop [] R0 fo( ) 42.483 10

3


Proximity effect [] Rp f( ) R0 f( ) z Rp fo( ) 8.284 10
3



Loss resistance  N-turn (skin+proximity) [] RL f( )
N D

d
Rs f( )

Rp f( )

R0 f( )
1







(For N-turn loop use RL)
RL fo( ) 127.593 10

3




according C/d and N find in the
table z and put it here: 

C

d
2.05

z 0.195



Quality of LC circuit Q f( )
Xin f( )

Rin f( )
 Q fo( ) 3.103 10

3


Capacitor voltage [V] Uc f( ) P 2 π fo Lall f( ) Q f( ) Uc fo( ) 21.374 10
3



Efficiency [%] η f( )
Rr f( ) 100

Rin f( )
 η fo( ) 73.106 10

0


Resonant circular current [A] I f( )
Uc f( )

Xin f( )
 I fo( ) 14.518 10

0


Bandwith [Hz] B f( )
f

Q f( )
 B fo( ) 4.544 10

3


Current density [A/mm2] Jc
I fo( )

Sc
 Jc 11.956

Y f( )
1

Rin f( )

1

i Xin f( )
 Zin f( )

1

Y f( )


1 10
6 2 10

6 3 10
6 4 10
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1 10
6 2 10

6 3 10
6 4 10

6
0

0.02

0.04

0.06

0.08

100

1 10
3

f [Hz]

Rin f( )

RL f( )

Rr f( )

Xin f( )

f



1 10
6 2 10

6 3 10
6 4 10

6
0.03

0.04

0.05

0.06

0.07

0.08

1.5 10
4

2 10
4

2.5 10
4

3 10
4

3.5 10
4

f [Hz]

Zin f( ) arg Zin f( )( )

f



Ing. Marek Dvorský, Ph.D.
Department of Telecommunications
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