
Linee di trasmissione
Edoardo Milotti

Corso di Fondamenti Fisici di Tecnologia Moderna
A.A. 2020-21



Map of the 1858 trans-Atlantic cable route



Great Eastern at Heart's Content





Il cronometro di John Harrison



Edoardo Milotti – Introduzione alle linee di trasmissione

4

α =

ω
2

L
2

− 4
L

C
− ωL

ω
2

L
2

− 4
L

C
+ωL

=

ω
2

−
4

LC
− ω

ω
2

−
4

LC
+ω

< 1

perciò la tensione diminuisce gradualmente. La figura seguente mostra la funzione |α |n  dopo la

prima, la seconda, la terza e la quarta sezione (n=1,2,3,4), in funzione di ω ω
0
 (conω

0
= 1 LC ):

Come si vede questa rete si comporta come un filtro di caratteristiche sempre migliori quanto più

aumenta il numero degli stadi.

Domanda: il comportamento di questa rete semiinfinita è stato analizzato utilizzando il formalismo

complesso e la legge di Ohm generalizzata. Visto che il circuito non ha dissipazione (non ci sono

resistenze), come mai un termine forzante non produce asintoticamente una divergenza nei risultati?

Analisi nel dominio del tempo

Consideriamo ora  le equazioni di Kirchhoff del circuito:
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Dal punto di vista computazionale calcolare le caratteristiche di una linea di trasmissione con

profilo arbitrario è relativamente semplice ed esiste un progetto di SourceForge (distribuito

gratuitamente con licenza GNU): ATLC – Arbitrary Trasmission Line Calculator (documentazione,

download e altro all’indirizzo http://atlc.sourceforge.net)

Esempi di linee di trasmissione

Il mercato delle linee di trasmissione offre moltissime alternative. Un tipo di cavo coassiale molto

comune è il cavo RG58/U: in questo caso la permeabilità relativa del dielettrico è di 2.26 e i raggi

sono a = 0.406 mm e b = 1.48 mm (Esercizio: si utilizzino questi valori per trovare l’impedenza

caratteristica e la velocità del segnale in questo tipo di cavo coassiale).

Un cavo coassiale RG58/CU, con conduttori in rame stagnato, isolato con polietilene (PET) e con guaina esterna in

polivinilcloruro (PVC) nero.

La figura seguente mostra altri tipi di cavi coassiali (immagine tratta dal catalogo RS Components):

i diversi cavi hanno differenti capacità distribuite e impedenze caratteristiche.
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Riflessione e trasmissione

Se la linea di trasmissione non è uniforme e ci sono delle interfacce tra spezzoni di linea con

caratteristiche diverse allora si osserva che quando i segnali raggiungono le interfacce vengono in

parte trasmessi ed in parte riflessi. Ci si può quindi chiedere quanta parte del segnale venga riflessa

e quanta venga trasmessa, ed in questa sezione calcoliamo appunto i coefficienti di riflessione e di

trasmissione.

Abbiamo visto sopra che i segnali lungo una linea di trasmissione possono venire descritti da

un’equazione d’onda unidimensionale, e quindi la tensione lungo la linea è data da funzioni del tipo

  

€ 

V
m
(z,t) =V z ± ct( ), dove 

€ 

V+(z,t)  è un segnale che si muove in direzione di z crescente, mentre

€ 

V−(z,t) è un segnale che si muove in direzione di z decrescente. Supponiamo ora di lavorare con il

formalismo delle tensioni alternate e di terminare la linea con un carico ZL: in corrispondenza al

carico possiamo scrivere che la somma delle tensioni dei segnali che si muovono in direzione

positiva e in direzione negativa deve dare la tensione ai capi del carico. Inoltre la corrente totale

dovuta alla somma della corrente in direzione positiva più la corrente in direzione negativa deve

dare la corrente che fluisce nel carico. In simboli possiamo scrivere:





Although often taken for granted, coaxi-
al connectors are a key aspect of any RF/
microwave application. While they may 
receive less attention than other compo-

nents, connectors nonetheless must provide adequate perfor-
mance to avoid any system degradations. Therefore, anyone 
tasked with selecting coaxial connectors for any given appli-
cation should clearly understand the parameters that define 
connector performance. 

This article, Part 1, provides a general overview of coaxial 
connectors. The important parameters that define perfor-
mance are reviewed, as is some of the terminology commonly 
used to classify connectors. Here, we will also begin to discuss 
some of the various types of coaxial connectors. Part 2, which 
will appear in the June issue of Microwaves & RF, will describe 
other regularly used coaxial connectors.

It should be noted that this series makes no claim to be 
an exhaustive list; the two articles do not cover every type 
that’s on the market. With that being said, some of the more 

prevalent coaxial connectors employed throughout the RF/ 
microwave industry will be found here.

INTRODUCTION TO CONNECTORS
Today’s designers can select from a large array of connectors 

available from various suppliers. This wide assortment is in 
direct contrast to the early days of connectors—back in 1940, 
the UHF connector was the only choice. 

However, as demands of high-frequency applications 
steadily increased throughout the years, the variety of con-
nectors also grew in scope. Specifically, new connectors were 
developed to handle progressively higher-frequency opera-
tion. Today, connectors can be used at frequencies as high as 
100 GHz and beyond. 

Choosing a proper coaxial connector requires an under-
standing of its characteristics—both electrical and mechani-
cal. Obviously, a connector’s physical size is an important 
aspect. Furthermore, multiple performance characteristics, 
such as frequency range and power-handling capability, must 
be examined when making a selection. Other important 
parameters include insertion loss and voltage standing wave 
ratio (VSWR). And environmental characteristics, such as 
operating temperature, vibration, and shock, help determine if 
a connector is suitable for a given application. Of course, cost 
plays a key role, too. 

Generally, coaxial connectors consist of an outer conduc-
tor contact and an inner conductor contact. These devices 
also must have the means to mechanically couple to another 
connector. Some connectors are named after the inside diam-
eter of their outer conductor, with smaller diameters yielding 
higher usable frequencies. 

Connectors are designed with either an air or a solid dielec-
tric. Air-dielectric types include 3.5-, 2.92-, and 2.4-mm  

What are the Differences Between

COAXIAL 
CONNECTORS? 
In this first of a two-part series, we’ll delve into the basics of the often overlooked—
but vitally important—coaxial connector. 
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connectors, among others. A good example of a connector that 
employs a solid dielectric is the widely used SMA connector. 
A solid dielectric can be implemented with either a flush or 
overlapping configuration; overlapping configurations are 
employed to prevent voltage breakdown and to handle higher 
power levels.

Connectors can be mounted in various ways. Those 
intended to mount onto printed-circuit boards (PCBs) are 
manufactured with either a straight or 
right-angle orientation. Cable-mount 
connectors can be attached to cables by 
means of either crimping or clamping. 
And panel-mount connectors include 
those with flanges, which typically have 
either two or four holes.

MATERIALS
Manufacture of coaxial connectors 

involves various materials, each having 
their own set of advantages and disad-
vantages. Such materials are evaluated by 
their electrical, mechanical, and environ-
mental properties, and they weigh heav-
ily in terms of connector performance and reliability.

Two of the more commonly used materials for building 
connector bodies are stainless steel and brass. Stainless steel 
is more durable than brass, but it comes at a higher cost. 
The highest-quality connectors are often manufactured with  
stainless-steel bodies. Connector contacts, on the other hand, 
are typically not made of stainless steel, which has a relatively 
low electrical conductivity. Rather they often consist of brass 
or beryllium copper.

To improve the quality of a connector, manufacturers will 
generally plate the bodies and contacts with a metal finish. 
For instance, connector contacts made of copper or brass are 
commonly gold-plated, since gold is an excellent conduc-
tor and highly resistant to corrosion. Silver is used in some 
instances as well.

Due to the high cost of gold, gold-plating for connectors 
usually comprises a very thin layer, enabling manufacturers 
to still reap its benefits while only using a minimal amount. 
However, the thin gold layer can lead to the diffusion of the 
base material onto the gold surface. Thus, a suitable metal—
often nickel—is typically underplated beneath the gold layer. It 
acts as a barrier to prevent diffusion.

In addition, manufacturers utilize different forms of fin-
ishing for connector bodies, such as gold, silver, and nick-

el. Another alternative employed by manufacturers is white 
bronze. Some connectors are available with passivated body 
finishes as well. 

CONNECTOR TERMINOLOGY
The vast majority of standard connector types have both a 

male and female variant, which join together to form a mated 
pair. Male connectors are known as plugs, and female con-

nectors are referred to as jacks. Further-
more, the male contact is a pin, while the 
female contact is a socket. Genderless 
connectors, such as the APC-7 connec-
tor (otherwise known as the 7-mm con-
nector), also exist.

Connector pairs are mated by several 
coupling techniques, such as threaded, 
bayonet, and snap-on coupling. Thread-
ed-coupling connectors include SMA 
and Type-N. The BNC connector imple-
ments the bayonet-coupling technique, 
while the SMB connector takes advan-
tage of the snap-on-coupling technique.

EARLY DAYS OF CONNECTORS
As mentioned, prior to World War II, the UHF connector 

was the only coaxial connector used for RF applications (Fig. 
1). E.C. Quackenbush of the American Phenolic Corporation 
(later Amphenol) developed the connector in the 1930s. It 
functioned reliably at frequencies as high as 300 MHz, which 
was considered high frequency at the time. Still manufac-
tured today, the UHF connector, which employs thread-
ed coupling, derives its name from the acronym for Ultra  
High Frequency. 

Although the UHF connector was reliable for applications 
to 300 MHz, higher-frequency requirements soon emerged. 
That mandated new connector designs, since the UHF con-
nector was not suitable at such frequency levels. Thus, a joint 
U.S. Army-Navy RF Cable Coordinating Committee (ANRF-
CCC) was established in the early 1940s to develop standards 
for RF cables, rigid transmission lines, and connectors for 
radio and radar equipment. In 1942, the ANRFCCC intro-
duced the Type-N connector (Fig. 2). 

In Part 2 of this series, we’ll further explore the popular 
Type-N connector, and describe other commonly used coaxial 
connectors such as the SMA and 2.4-, 2.92-, and 3.5-mm vari-
eties. That article will also cover the characteristics of each of 
these, as well as other coaxial connectors. 

1. The UHF connector can still be purchased from some manufactur-

ers today.

2. The Type-N connector was first introduced 

in the 1940s.

“
Choosing a proper coaxial connector requires an understanding 
of its characteristics—both electrical and mechanical. Obviously, a 

connector’s size is an important aspect.”
Part 1:
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This two-part series examines the coaxial connec-
tor, which is an often overlooked—but nonetheless 
vital—aspect of an RF/microwave application. 
Part 1, which provided a general overview of con-

nectors, discussed important parameters and terminology. In 
Part 2, we’ll continue by describing various types of coaxial con-
nectors that are commonly used for RF/microwave applications.

TYPE-N AND 7/16 DIN CONNECTORS
As stated in Part 1, the Type-N connector was introduced in 

1942. Still commonly used today, this connector, which employs 
threaded coupling, is known for its durability. Standard Type-N 
connectors perform to 11 GHz, while versions that perform to 
18 GHz are offered by some connector suppliers. Furthermore, 
both 50- and 75-Ω versions are available. Type-N connectors are 
covered by the MIL-C-39012 specification.

The 7/16 DIN connector derives its name from its dimen-
sions; the diameter of its inner conductor contact is 7 mm 
and the internal diameter of its outer conductor is 16 mm. 
These connectors are known for their superior return loss and 
intermodulation-distortion (IMD) characteristics. The 7/16 
DIN connector can cover a frequency range of dc to 7.5 GHz.

THE SMA CONNECTOR AND ITS MATES:  
3.5- AND 2.92-mm CONNECTORS

The SMA connector is widely used throughout the RF/micro-
wave industry (Fig.1). It originated in the late 1950s when James 
Cheal of Bendix Research Laboratories designed the Bendix 
real miniature (BRM) connector. The development of the BRM 
connector continued, leading to its incorporation into MIL-
C-39012 in 1968. The connector was then designated the Sub-
Miniature A, or SMA, connector. 

Like the Type-N connector, the SMA connector—which has 
an impedance of 50 Ω—employs threaded coupling. Originally 
intended to be used with 0.141-in.-diameter semi-rigid coaxial 
cables, the SMA connector’s usage was later extended to flexible 
cables as well. As mentioned in Part 1, SMA connectors employ 
a solid dielectric.

 Furthermore, while standard SMA connectors operate from 
dc to 18 GHz, some suppliers provide versions that can perform 
to 26.5 GHz. Although they are common and inexpensive, SMA 
connectors have their limitations—they are rated for a very lim-
ited number of connection cycles.

The SMA connector is mechanically compatible with two 
other connector types: 3.5- and 2.92-mm connectors. Both 
employ an air dielectric and can perform at higher frequencies 
than their SMA counterpart. They are named in accordance 
with the inside diameter of their respective outer conductors. 

The 3.5-mm connector, which can achieve mode-free per-
formance to 34 GHz, first appeared in the 1970s. The connec-
tor was primarily developed at Hewlett-Packard (HP) and lat-
er manufactured by Amphenol. These connectors are known 
for their durability, as they were designed to allow thousands 
of repeatable connections. 

What are the Differences Between

COAXIAL 
CONNECTORS? 
A wide array of coaxial connectors is available from a large number of suppliers to 
satisfy high-frequency requirements.

Design Feature
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1. The SMA connector is one of the most common connector types 

used for RF/microwave applications.

Part 2:
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Distinguishing Connectors

appropriate adapter is needed to connect a 2.4-mm connector 
to either an SMA, 3.5-mm, or 2.92-mm connector. 

In addition, the 1.85-mm connector can achieve mode-
free performance to 65 GHz. HP initially developed the  
connector in the mid-1980s. The company then offered its 
design as public domain in 1988 for the purpose of standard-
izing connector types. The 1.85-mm connectors can be mated  
with 2.4-mm connectors, but not with SMA, 3.5-mm, and 
2.92-mm connectors.

Furthermore, millimeter-wave appli-
cations can take advantage of the 1.0-
mm connector. This connector, which 
was also developed by HP, can achieve 
performance to 110 GHz. Probe stations 
are an example of an application that uti-
lizes 1.0-mm connectors.

NOT FORGOTTEN— 
BNC AND TNC CONNECTORS

The widely used BNC connector 
has a typical frequency range of dc to 4 
GHz (Fig. 3). Commonly used for test-
and-measurement equipment, the BNC 
connector, which employs the bayonet-
coupling technique, is offered with an 
impedance of either 50 or 75 Ω. Female 
connectors have two bayonet lugs and can 
be connected to male connectors with 
just a ¼-turn of the coupling nut. Unfor-
tunately, BNC connectors are not usable 
above 4 GHz because they are prone to 
radiation at those frequencies. BNC con-
nectors are covered by MIL-C-39012.

The TNC connector is a threaded 
version of the BNC connector, offering 
higher-frequency performance than its 
BNC counterpart. These connectors are 
typically rated to 11 GHz. Like the BNC 
connector, the TNC connector is cov-
ered by MIL-C-39012. 

To summarize, a wide range of coaxial connectors are avail-
able to satisfy the demands of today’s high-frequency applica-
tions. This series discussed some of the commonly used con-
nectors, but additional types exist that were not mentioned. 
Although connectors may seem mundane, they are crucial 
for any application. Thus, it is important to understand the 
basics of coaxial connectors and the many options that are  
available today. 

HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273/USA

MXP – multicoax test solution
In a world where performance, speed and density matter, our  

MXP multicoax solution is the perfect fit. The small form factor and 

outstanding electrical characteristics combined with reliable mating 

and ease of use make our MXP an excellent solution for bench-top 

and system testing with a large selection of bandwidths.  

MXP50 (50 GHz), MXP40 (40 GHz) and MXP18 (18 GHz) cover 

current data rate requirements. The entire  MXP family comes with 

the highly flexible and ultra-stable MULTIFLEX cable as a standard.

› www.hubersuhner.com

3. The BNC connector is often found in  

test instruments.
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Applicazioni: filtri strip line

necessary to evaluate even- and odd-mode characteristic impedance of the coupled resonator strips. By
eliminating the impedance values from two further sets of equations, the ratios S/D and W/D are obtained as a
function of bandwidth and frequency response. As with end-coupled filters, the spacings between resonator
strips will be smallest for the end sections, but the strip widths differ from one section to another. However, for
bandwidths less than 1%, the value of W/D does not significantly differ from that obtained for the terminal
strips.

A difference exists between the electrical length of the resonator strips, λʹ0/2, and the physical length for both

filter types. Due to fringe fields, the electrical length is greater than the physical one, and a reduction in the
latter is essential if the filter is to have an accurately positioned center frequency. Unfortunately, the formulas
available to determine the necessary reduction in physical length are only approximate and have not been given
in this article.

Design formulas for end-coupled filters
The equivalent circuit of a series gap in an end-coupled filter
(center line representation) comprises a series capacitance,
C1, and two shunt capacitances, C2 (Fig. 4). Following are

approximate analytical relations, which relate the
normalized susceptances, b1 and b2, associated with C1 and

C2, to S, D and , the wavelength in the

dielectric medium:

and

Equations (1) and (2) are accurate for W/D > 1.2. For S/D < 0.2, | b1 | > 10 | b2 |, and for S/D < 0.1, | b1 | > 75 |

b2 |. For the preliminary analysis of the end-coupled filter, S/D is assumed small enough that | b2 | may be

neglected.

The normalized susceptance of the (i + 1)-th gap of an end-coupled filter with n stages, bi,j+1, may be expressed

as follows:

where


