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A Transmission line is a mechanism of guiding electrical energy from one place to another. (or) Transmission line 

is an electrical line which is used to transmit electrical waves from one point to another. Eg: i. Transfer of RF 

energy from transmitter to antenna. ii. Transmission lines can also be used as impedance transformers.

❑ 2.Transmission Line Equivalent circuit

❑ 1.Transmission lines

A transmission line is a two-port network, with each port consisting of two terminals, as illustrated in Fig.1. One 

of the ports, the line’s sending end, is connected to a source (also called the generator). The other port, the line’s 

receiving end, is connected to a load.

Fig.1



2.1 Lumped-element circuit of coaxial line

the lumped-element circuit 

model, consists of four basic 

elements with values that 

henceforth will be called the 

transmission line parameters. 

These are:

• R′: The combined resistance of 

both conductors per unit length, 

in Ω/m,

• L′: The combined inductance 

of both conductors per unit

length, in H/m,

• G′: The conductance of the 

insulation medium between the

two conductors per unit length, 

in S/m, and

• C′: The capacitance of the two 

conductors per unit length, in

F/m. Fig.2



2.2 TRANSMISSION LINE PARAMETERS

To describe a transmission line in terms of its line parameters, which are its resistance per unit length R, inductance per 

unit length L, conductance per unit length G, and capacitance per unit length C. Each of the lines shown in Figure 3 has 

specific formulas for finding R, L, G, and C.

Fig.3

Typical transmission lines in cross-sectional view: (a) 
coaxial line, (b) two-wire line, (c) planar line, (d) 
wire above conducting plane, (e) microstrip line.

For coaxial, two-wire, and planar lines,

the formulas for calculating the values of 

R, L, G, and C are provided in Table 1. 



1. The line parameters R, L, G, and C are not discrete or lumped. Rather, they are distributed as shown in Figure 4. By this 

we mean that the parameters are uniformly distributed along the entire length of the line.

Fig.4

2. For each line, the conductors are characterized by                           and 
the homogeneous dielectric separating the conductors is characterized by 
                           .

Fig.5

FIGURE 5 Common transmission lines: (a) coaxial line,
(b) two-wire line, (c) planar line.



As a way of preparing for the next section, let us consider how an EM wave propagates through a two-conductor 

transmission line. For example, consider the coaxial line connecting the generator or source to the load as in Figure 

6 (a). When switch S is closed, the inner conductor is made positive with respect to the outer one so that

FIGURE 6 (a) Coaxial line connecting the generator to the load;
(b) E and H fields on the coaxial line.

the E field is radially outward as in Figure 6 (b). According to 

Ampere’s law, the H field encircles the current-carrying 

conductor as in Figure 6 (b). 

The Poynting vector (E × H) points along the transmission line. 

Thus, closing the switch simply establishes a disturbance, which 

appears as a transverse electromagnetic (TEM) wave 

propagating along the line. This wave is a nonuniform plane 

wave, and by means of it, power is transmitted

through the line.



2.3 TRANSMISSION LINE EQUATIONS

A two-conductor transmission line supports a TEM wave; that is, the electric and magnetic fields on the line are 

perpendicular to each other and transverse to the direction of wave propagation. An important property of TEM waves is 

that the fields E and H are uniquely related to voltage V and current I, respectively:

we will use circuit quantities V and I in solving the transmission line problem instead of solving field quantities E and H

Let us examine an incremental portion of length ∇z of a two-conductor transmission line.

The model in Figure 7 is in terms of the line parameters R, L, G, and C, and may represent any of the two-conductor lines

The model is called the L-type equivalent circuit; there are other possible types 

In the model of Figure 7, we assume that the wave propagates along the +z-direction, from the generator to the load.

By applying Kirchhoff ’s voltage law to the outer loop of the circuit in Figure 7, we obtain



FIGURE 7 An L-type equivalent circuit model of a two-

conductor transmission line of differential length ∇z.

𝛾 = 𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝛽 = the phase constant (in radians per meter).
𝑢 = 𝑤𝑎𝑣𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
λ= wave length 

𝛼 = 𝑎𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡



The characteristic impedance Zo  of the line is the ratio of the positively traveling voltage wave to the current wave at any 

point on the line.

The characteristic impedance Zo is analogous to ƞ, the intrinsic impedance of the medium of wave propagation.







Example 1



Example 2
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