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��� Properties of Fields in a Transmission Line�

The �eld or wave in a transmission line is TEM �Transmission Electro�
Magnetic� because both the H��eld and the E��eld are transverse to the
direction of propagation� If the wave is propagating in the 	z�direction
 then
both Ez and Hz are zero for such a wave� In such a case
 the �elds are

E � Es�H � Hs� ���

where we have used the subscript s to denote �elds transverse to the direction
of propagation� We can also de�ne a del operation such that
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where rs is transverse to the 	z�direction
 and in Cartesian coordinate
 it is
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Since rs �Hs points in the 	z�direction
 	z �
�z
�Hs is 	z�directed
 we have
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�

�z
�	z �Hs� � �

�Es

�t
� ���

Similarly
 from rs � Es � ���Hs

�t

 we can show that

rs � Es � �� ���
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Equations ��� and ��� shows that the transverse curl of the �elds are zero�
This implies that the �elds in the transverse directions of a transmission
line resembles that of the electrostatic �elds� Furthermore
 Equations ���
and ��� couple the Es and Hs �elds together� These two equations are the
electromagnetic �eld analogues of the telegrapher�s equations�
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A current in a coaxial cable will produce a magnetic �eld polarized in the
� direction� From Ampere�s Law
 we have

I
C

Hs � dl �
Z
A

J � ds � I� ���

or Z
��

�
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Hence


H���� z� t� �
I�z� t�

���
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If we assume that the inner conductor in the coaxial line is charged up with
the line charge Q in coulomb	m
 then from

H
�E � 	nds � Q
 we have

����E� � Q� ����

or

E� �
Q
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Since the potential between a and b is
R b

a
E� d�
 we have
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Hence
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The ratio Q

V
is the capacitance per unit length
 and it is

C �
���

ln� b
a
�
� ����
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If Es � 	�E�
 Hs � 	�H�
 equations ��� and ��� become
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Substituting ���� for H� and ���� for E�
 we get
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This is just the telegrapher�s equations derived from Maxwell�s equations�
C is given by ���� while the inductance per unit length L is obtained by
comparing ���� with the telegrapher�s equations

L � �
ln� b
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Note that the velocity of the wave on a transmission line is

v �
�p
LC

�
�p
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� ����

which is independent of the dimensions of the line� This is because all TEM
waves have velocity given by �p
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