
Application of the BLT equation for radiation field calculaton for double 
transmission line 

Hongzhou XU 
PLA 91550 

Unit 94 
Dalian, China 

e-mail: clare911@sina.com 

Wanjin WANG 
PLA 91550 

Unit 94 
Dalian, China 

e-mail: wwj.1982-2002@163.com
 
 

Abstract—By the excitation of the electromagnetic signal, 
double transmission line will inducing a voltage and current, 
thereby creating the space radiation field. Based on 
infinitesimal current source radiation field and by the 
convenience of the terminal response aspects of solving 
transmission line of BLT equation, the double transmission 
line is derived and gets the analytical solution. 
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I.  INTRODUCTION  

By the excitation of the electromagnetic signal, double 
transmission line will inducing a voltage and current, thereby 
creating the space radiation field. The paper based on 
infinitesimal current source radiation field and by the 
convenience of the terminal response aspects of solving 
transmission line of BLT equation, the double transmission 
line is derived and get the analytical solution of frequency 
domain. 

II. RADIATION FIELD OF DOUBLE TRANSMISSION LINE 

Figure 1 shows the L Length simplified model of positive 

propagation voltage wave ( )V x
+ of double transmission line 

traveling wave radiation field, the corresponding negative 

propagation voltage wave ( )V x
− is also exist, but won’t mark 

here. The positive propagation voltage wave  ( )V x
+  and 

negative propagation voltage wave ( )V x
−  are decided by the 

excitation source.  Let’s show double guide line up going 
wave in its surroundings produced by the radiation field by 
the transmission line theory by using terminal load in 

incident voltage wave inc

V  .  
Figure 1 shows us that if assume that radiation field and 

the x  axis negative Angle for ψ  which distance origin of 

coordinates the distance to 0r  and 0r  is sufficiently large to 

guarantee the radiation field for plane wave. For positive 

propagation voltage wave ( )V x+ , The corresponding current 

wave is ( ) ( ) /
c

I x V x Z+ += ,
c

Z  is the characteristics of the 

transmission line impedance, and two conducting online 

relatively independent current 
1

I  and 
2

I  defined as 
2 1

I I= − . 

 
Node1                                                         Node2 

Figure 1.  Model of transmission line traveling wave radiation 
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Figure 2.  Radiation field of infinitesimal current source 

Before solving the radiation field produced by current 
wave, let's review the radiation situation produce by 
infinitesimal current source. As shown in Figure 2, on the far 
side current source IdI generated for electric field is: 

                 0
j0

0

j
sin e

4π

- kr

r
θ

ωμ
θ=E IdI                (1) 

Because
θ

E and 
f

E  in opposite directions and sin sinθ ψ= , 

so we can get that the two infinitesimal current produced by 
the radiation field of the double transmission line at x place: 

   
j j

0
j e e

sin ( ( ) ( ) )
4π

1 2
- kr - kr

f 1 2

1 2

d I x + I x
r r

ωμ
ψ= −E           (2) 

The current wave on the transmission line can be 
expressed by incident voltage wave on node 2: 
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( L )2

1 2
( ) ( ) e

inc

x

c

V
I x I x

Z

γ− −

= − =                     (3) 

And in the far sites: 

   
1 2 0

1 1 1

r r r
≈ ≈                                                  (4) 

        01 j ( cos sin )je e k r dkr ψ ψ− + −− =                              (5) 

  02 j ( cos )je e k r xkr ψ− +− =                                     (6) 
Put Eq.3~ Eq.6 into Eq.2, we can get: 

j ( cos )( L)0
j

d sin e e
4π

0

inc

k r + yx2

f

0 c

V

r Z

γ
ωμ

ψ
−− −

= −E
j sin

(e 1)
kd ψ

−      (7) 

Because sin

1 sin
jkd

e jkd
ψ ψ− ≈ ，Eq.7 can be transform to: 

                      
0

j

2 j L j ( 1 cos )
e

d sin e e
4π

kr2

inc k k x0

f 2

c 0

Zk d
V

Z r

ψψ
−

− +

=E              (8) 

There into k
c

ω
= ，

0 0
Z cμ= . 

According to integral of Eq1 on 0 L  we can get: 
0

j2L

1 20

2

0
0

e
( )d sin

4π

kr

inc

f f

c

Zk d
x x V

Z r
ψ

−

= =E E

L

j L j ( 1 cos )

0

e e d
k k x

x
ψ− +  

      
0

j2

2 j0

2

0

e
sin e

4π

kr

inc kL

c

Zk d
V

Z r
ψ

−

=
j ( 1 cos ) L

(e 1)

j (1 cos )

k

k

ψ

ψ

− +

−

− +
 

   
0

j 2

j L0

2

0

j e sin
e

4π (1 cos )

kr

inc k

c

Zkd
V

Z r

ψ

ψ

−

=
+

j ( 1 cos ) L

(e 1)
k ψ− +

−                  （9） 

Due to the terminal load in travelling wave will also 
produce radiation field, Eq.9 are not the total radiation field 
produced by positive travelling wave, the radiation condition 
of traveling wave of terminal load place is also need to be 
considered. As shown in Figure 3: 

 
Node1                                                                                    Node2 

Figure 3.  Traveling wave of terminal load place 

 

1
I  At 0x =  and 

2
I  at Lx =  can be expressed by incident 

voltage 
2

incV  at node2: 

j L2

1
e

inc

k

c

V
I

Z
=                                        (10) 

   2

2

inc

c

V
I

Z
= −                                         (11) 

Use Eq.1, we can get the current radiation field of terminal 
load place: 

0
j2 j Lcos0

1 2

0

j
cos e ( e )

4π

kr k

f
I d I d

r

ψ
ωμ

ψ − −

= − +E  

   
0

j

j j ( 1 cos ) L0

2

0

j e
e cos (e 1)

4π

kr

inc kL k

c

Zkd
V

Z r

ψψ
−

− +

= −                           (12) 

By Eq.9 and Eq.12 we can get that the total radiation field 
of positive propagation current wave is: 

0
j

1 2 j0

2

0

j e
e

4π

kr

inc kL

f f

c

Zkd
V

Z r

−

+

= + =E E E
j ( 1 cos ) L

(e 1)
k ψ− +

−            (13) 

Define negative spread coupling function: 

j L j ( 1 cos ) L

2
( ) e (e 1)

2

k k
d

F
ψψ − +

= − ，then: 

         
0

j

0

2 2

0

j e
( )

2π

kr

inc

c

Zk
F V

Z r
ψ

−

+

=E                     (14) 

By the same token, define forward propagation coupling 

function: j ( 1 cos ) L

1
( ) (e 1)

2

k
d

F
ψψ −

= −  then get that the total radiation 

field of negative propagation current wave is: 

         
0

j

0

1 1

0

j e
( )

2π

kr

inc

c

Zk
F V

Z r
ψ

−

−

=E                    (15) 

By Eq.14 and Eq.15 we can get that the total radiation 
field of positive propagation current wave and negative 
spread current wave propagation current wave is: 

 

0
j

0

1 1 2 2

0

j e
E E E ( ( ) ( ) )

2π

kr

inc inc

c

Zk
F V F V

Z r
ψ ψ

−

+ −

= + = +        (16) 

III. RADIATION FIELD ANALYTICAL SOLUTION 

 
Through the transmission line theory and infinitesimal 

current source radiation field, we can get the general 
expression of double transmission line radiation field. By 
Eq.16 we can find that double transmission line is decided by 

the incident wave voltage 
1

incV  and 
2

incV  of radiation field by 

its terminal place. Therefore, it is necessary to get incident 
voltage wave before solving double transmission line of the 
radiation field analytical solution. Next, we will use the 
reasoning way of BLT equation for radiation field 
calculation for double transmission line to get the incident 

wave voltage 
1

incV  and
2

incV , and finally get the analytical 

solution of. 
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Node1                   Excitation point             Node2  

Figure 4.  Model of double conductor transmission line 

In reference [3], Figure 4 shows that double conductor 
line terminal in incident voltage wave is expressed as the 
matrix form: 

         
11 1

22 2

0

0

inc refjkL

inc refjkL

SV Ve

SV Ve

−

−
= +
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           

          (17) 

Among them, 
1

refV  and 
2

refV  is the incident voltmeter of node 

1 and node 2 place in Figure 4, 
1

refV  and 
2

refV  is the reflected 

voltage wave of node 1 and node 2 place in Figure 4, vector 
[S] is expressed by lumped source voltage and current source. 

[ ]
( )

( )

1

( )2

1

2

1

2

s

s

jkx

s c s

jk L x

s c s

V Z I e
S

S
S

V Z I e

−

− −

− −

= =

+

 
  
     
 

 

At each end of the transmission line, the relationship 
between reflected voltage wave and the incident voltage 
wave is: 

                          ref incV Vρ=                                  (18) 
ρ  is the frequency domain voltage reflection coefficient, 

and transmission line terminal impedance 
L

Z  and 

characteristic impedance 
c

Z  related, defined as: 

L c

L c

Z Z

Z Z
ρ

−
=

+
 

By Eq.18 we know that, the reflection in the voltage wave 
vector can by incident voltage wave vector Eq.17 can be 
expressed as: 

11 1

22 2

0

0

ref inc

ref inc

V V

V V

ρ

ρ
=

    
        

                         (19) 

Among them, 
1

ρ  and 
2

ρ  are the terminal voltage 

reflection coefficient of double conductor line. 
Put Eq.19 into Eq.17, and solution about the incident 

voltage wave vector equation, we can get: 
                        

1

1 11

2 22

01 0 0

00 1 0

inc jkL

inc jkL

SV e

SV e

ρ

ρ

−
−

−
= −

         
                  

    (20) 

By Eq.19 we can get the  load voltage vector is: 

       
1 11 1 1

2 22 2 2

1 0

0 1

inc ref inc

inc ref inc

V V V V

V V V V

ρ

ρ

+
= + =

+
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       (21) 

Put Eq.20 into Eq.21, get the BLT equation of frequency 
domain in double conductor transmission line voltage is: 

1

1 1 1 1

2 2 2 2

1 0 01 0 0

0 1 00 1 0

jkL

jkL

V Se

V Se

ρ ρ

ρ ρ

−
−

−

+
= −

+

          
                    

    From the above results we can know, put Eq.20 into Eq.16 
can get the frequency domain analytic solution of double 
guide line radiation field is: 

[ ]1

1 2 1 2 1 2

jkL jkL jkLe F e S S F e S Sρ ρ ψ ρ ψ ρ− − −= + + +-2

1 2 2 1
（1- ） （ ）( ) （ ）( )E

 

IV. CONCLUDING REMARKS 

This paper is based on differential current source radiation 
field, did formula derivation with transmission line theory of 
double guide transmission line traveling wave radiation field. 
Released the expression of radiation field. We can see 
through the expression that double guide transmission line 
traveling wave radiation field is determined by the terminal 
incident voltage wave of only. So it absolutely necessary to 
get the double guide transmission line terminal branch of the 
incident voltage wave if you want to analyze the upward 
wave radiation field. Here perfectly combines transmission 
line theory and double guide transmission line BLT equation, 
getting the specific form of double guide transmission line 
terminal branch of the incident voltage wave by BLT 
equation thought. Meanwhile, combines it with double guide 
transmission line traveling wave radiation field general 
expression, to figure out double guide transmission line 
traveling wave radiation field analytical expression, which is 
also called frequency domain solution. 
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