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Radio relay for 1:5GHz

M. H. Stears, B.A

Semmary The article describes
the latest addition o the range of
Marconi microwave relay equip-
ments,  the H720L,
designed for applications in the
1:5GHz private user band, and
which can accommodate up 1o 36

which 15

M. H. Stears

Mr Stears joined the Marconi Wircless Tele-
graph Company as an apprentice in 1950,
and was sebsequently  employed in o the
research laboratarics ar Baddow. He left in
1935 1o join the Plessey Company where he
bevame group leader responstble for paval
whl emnmunications. Beturming to the
Marconi Company in 1973 he is currentdy a
gronp leader in Space & Microwave Division
ared is responigible for lime of sight and tropo-
sphetic scater eguipment development.

[d.m channels. A detailed descrip-
tiom is given, together with the over-
all design abjectives and philosophy
which have resulted in a unique
equipment in terms of its small size,
flexibility and case of operation and
maintcnance,

Introduction

There is now an  ever-increasing
demand for private uscr microwave
communication systems, that is, sys-
iems which do not form part of the
pubidlic telephone network. This inter-
esl stems from the increasing use of
sophisticated  computerized  control
and monitoring systems for oil and gas
producton and for the distribution of
electrical power, water and gas by
public witlities.

The Department of Trade and
[ndustry (XTI}, formerly the Home
(Hfice, authorized three [requency
bands for private use, whilse a fourth at
HGHz is to become available shortly,
These bands are centred on 1-3GHe,
73GHz and 13GHz. The 1-5GH:z
band 15 reserved for low-capacity sys-
tems with up to 36 Ed.m channels. The
other two bands are intended for larger
cupacities, the [3GHz band in particu-
far aceommodating very large systems
using cither analogue or digital techni-
faes.

The majority of private user systems
ey uire only modest channel capacitics

and lor this reason there is currently a
considerable interest in the 1-5GHz
Radio Relay. This prompted Marconi
Communication Systems to cxamine
the possibility of extending the papular
H7200 1-7GHz to 2-3GHz band radio
relay to cover the 1'5GHz band. The
result is the H7201 Microwave Radio
Relay Equipment, the subject of this

i

article, which is now in preduction.

A picture of the H7201 is shown in
ligure 1. It bears a close resemblance
to the H7200, retaining many of its
attractive features e.g, small size, good
nlﬂdulﬂrit}' and comprehensive built-
in metering and alarm facilivies.

Type approval has been granted by
the DTI against MPTIH08 for
B-channel systems, and MPT1402 [or
12, 24 and 36-channel systems. Both
specilications involve rigorous tests
designed to ensure that the Depari-
ment's regulations concerning genera-
tiom of interference and operation in
high-density frequency plans are come
plied with fully. The H7201 is also
compliant with CCIR Recommenda-
tions and with British Telecom specifi-
cation RC4031A. Tt is also cxpected to
be compliant with the latest BT
specification RC4032 when it is for-
mally issued.

General description
The H7201 is a fully duplicated
fom./Ld.m radio relay equipment suit-
able for hot standby or space diversity
applications in the band 1427 MHz o
1535MHz2. Versions are available for
8, 12,24 and 36 channels with optional
pre-emphasis  for  the owo  higher
EEPEFJ[H"S..

The complete radio is accommo-
dated in a standard 1%in rack shelfwith
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Fig. 2. Frant viere of H7200 wilh front panel lowered to show melering and contrel

front pancl dimensions Yin by |90, and
20in depth behind the front panel. A
second shell with the same front panel
dimensions and only 4in deep aceom-
modates the power supplies. Trans-
mitter power owtput for the standard
version is (:5W but an integral power
amplificr giving 2W output is available
as an option.

The frant panel is fitted with casily
chservable red and green Led indi-
cators to show whether the MAIN or
STANDBY transmitter and receiver is
in use or if a fault has occurred, Selee-
ton of MAIN or STANDBY may be

carried out manually using push-hur-
ton switches, or in the “Aute’ mode
entirely automatically, according to
the functional status of the modules. In
normal operation the MAIN transmir-
ter putput is connected o the antenna
socket via a coaxial relay with the
STANDBY connected to an internal
dummy load. For hot standby opera-
tion the incoming signal is shared
equally between the two receivers by
means of a power splitter at the input,
A post-detection . combiner  re-
combines the signals at baschand,

A comprehensive metering system
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comprising an Le.d digital display and
push-button  selector — switches s
located on the front panel, This allows
monitoring of the receive signal level
on bath paths, MAIN and STANDBY
transmitier power outputs and the d.e
voltages from the power supply mod-
ules, An additional monitor 15 also
available as an option w enable the
transmitter output after the MAINS
STANDBY coaxial relay
displayed.

Also on the front panel is a loud-
speaker and a socket for the engineering
order wire [e.o.w] handset. In addition
tir its o.now function the loudspeaker is
used 1o produce an audible calling
signal for the operator, activated by a
push button on the remote equipment
front panel, and an alarm signal in case
of a fault. The calling signal is a con-
tinuous |00z tone while the alarm is
a 1000Hz tone interrupted at a |Hz
rate, A RECEIVING ATTENTION
push button mutes the andible alarm
while the Fault is identified and the
replaced. A linear
patentiometer on the front panel con-

i be

faulty module
trols the loudspeaker level for the cooow
bt neither the {'alliﬂg nor alarm sign-
als are affected,

The H7201 , identical in layout w i
predecessor,  contains  six  discrete
modules in the radio plus two power
supply modules mounted in the sepa-
rate power supply shell assembly, In

Fig, 3. Top view of H7201
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the radio shelf the modules comprise:
two reccivers, two transmitters, a di-
plexer and an e.o0.w/baseband unit. Cir-
cuits for the control and monitoring
systemn are mounted on a printed cir-
it fitted o the rear of the front panel,
With the aid of the front panel Leds
augmented by further Le.ds on the con-
trol and monitoring circuit, most faults
can be traced o specific modules
qn‘iﬂ;kl}‘ and una.mhiguuusl}'_ Arcess (o
the Le.ds on the control and monitor-
ing circuit is obtained by lowering the
front panel {figure 2). All modules can
be reached from the top of the radio
shell {figure 3), and removal is accom-
plished easily by releasing rwo fixing
SCIEWS.

The individual power supply mod-
ules are removed by releasing four fix-
ing screws on the front panel and with-
drawing from the front.

Various options are available ta
meet specific requiremenis.  These
include the 2W wvansmitter option
mentioned previously, a receiver low-
noise option for use in systems with
long or partially obstructed signal
paths, and optional pre-emphasis for
M- and 36-channel equipments.

Design philosophy

The primar'y aim of the design was 1o
pro<luce a low-cost, reliable equipment
meeting requirements defined in D771
specilications MPT 1402 ani
MPTI408 and Briush Telecom {BT)
apn.-iﬁuatiun RO40531A. A sccondary
aim was to produce a small compact
equipment, since for many applica-
fions space is @l & Premium.

The requirements for low cost and
high reliability have been achieved by
the use of simple, well proven circuit
technigues. Direct modulation of the

radio frequency carrier and limiting .0’

amplifiers without a.g.c are the most
rotable examples of this approach.
Direct modulation avoids the compli-
cation of up-conversion from an inter-
mediate frequency and also avoids the
need for additional r.f filters in the
transmit chain 1o reject unwanted
p-converter mixing products. A limit-
ing il amplifier enables proprietary
integrated civeuit amplifiers to be used
and this results in a complete L. strip
which is a fraction of the size achieys
able using a conventional a.g.c design
with discrete components.

The major influence on the design
rsulting from mecting the DTI and
BT specifications has been on r.fand i.f
selecuivity,

Compared to the 1-7GHz 1o 2-3GHz
band, the opcrating environment at
135G Hz is far more stringent as regards
r.f channel scparation, For 8-channel
systems, frequency planning is based
upen only 20kHz separation between
r.l channels and for 12- 1o 36-channe]
systems only 500kHz separation. This
places very stringent requirements
upon receiver r.fand i.0selectivity and
on the rransmitter radiated specirum.
Highly selective fifth-order comb-line
filers have been designed for the rf
system to provide the necessary degree
of protection for the receiver [ront end,
whilst for 12- to 36-channel systems it
has been necessary to develop a sixth-
arder helical resonator i0 filter. The
latter is 1 MHz wide and provides over
65dB atenuation at IMHz from the
70MHz band centre,

Reliability has been enhanced by
giving carelul consideration 1o cooling,
which is by natural air convection, and
by the use of high quality components,
During the design stage a rigorous
programme of thermal modelling and
proving tests was carried out to elimi-
nate potential hot spots and to ensure
all constituent parts were operating
well within their design rating. Acces-
sibility for fault location and repair was

. also carcfully considered, along with a

comprehensive metering svstem allow-
ing the majority of faults to be pin-
poanted to a discrete module, Modules
in the MAIN or STANDBY path can
be removed without interruption to
traffic in the other path.

Description of modules
A block dizgram for the H7201 is given
in figure 4. This shows the functional
make-up of the individual modules, In
the descriprions which [ollow it is
assumed that the equipment is oper-
ated in the *Aute” mode. When *Man-
ual’ is selected, sclection of either the
MAIN or STANDBY transmitter or
receiver is controlled by push-bution
switches on the front panel.

Diplexer module
The diplexer module (figure 3), con-
tains the r.f filters for the transmitrer
and receiver, transmit-receive diplex-
ing, the transmit hot standby switch
and the optional low-noise amplifiers.
The characteristics of the r.f filters
are determined by the frequency plan-
ning requirements for the band. For
the r.{ filters the main constraint is the
minimum transmit-receive separation
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which for B-channel systems may be as
close as 35MHz. The need to attenuate
the level of the transmil signal at the
receiver input dictated a fifth-order
Chebyshev design with a nominal
bandwidth of 15MHz, this being the
best compromise between passband
loss and stopband rejection. An identi-
cal filter was chosen for the transmitter
to suppress wideband neise which
could otherwise interfere with: the
receivers.

Without the low-noise amplifiers in
the hot standby configuration  the
receiver noise figure 15 14dB as meas-
ured at the squipment antenna port.
This resulis from the basic receiver
module noise figure of 9dB measured
at the mixer input and losscs infro-
duced by the diplexer. For space diver-
sity the eliminatuon of the splitter
improves this by 3dB. A noise Gigure of
14dB is adequate for the majority of
applications but where improved per-
formance is required the low-noise
amplifier is available which reduces
this to 7dB for hot standby or 4dB lor
space diversity. A single receive filter
belore the power splitter is justificd on
the grounds of high reliability inherent
in a passive Component.

Transmitter module

The transmitter module contains the
entire transmitter path rom the mod-
ulator pre-amplifier input to the ol
amplifier output. Direct modulation at
i.fis employed, the modulator consist-
ing of a phase-locked voltage-
controlled oscillator (v.c.o) which is
modulated by applying the input to a
varactor diode in the oscillator-tuned
circuit. The r.f output from the oscil-
fator is nominally 1W which guaran-
tees 0-5W at the antenna port,

The v.c.0i8 locked to a highlv stahle
crystal reference source via a divider
chain with a dwision rato of 28,
Crystal frequencies between [1MHz
and 12MHz are therefore required to
cover the band. A leawsre of the v.c.o
performance 35 its low phase-noise
characteristic. This has been achieved
by careful tailoring of the phase-lock-
loop characteristes and choice of a
high-0) resonator circuit for the v.c.o.
Poor phase-noise will have a detri-
mental effect upon channel signal-to-
noise ratio.

In the standard version, the cutput
from the v.c.o is connccted via an
isolator to a level monitor and then to
the module Type N output connector.
The level detector fiorms a part of the
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Fig. 4. H7201 black diagram

metering and fBult monitoring system,
In the *Aute’ mode of operation a drop
ol 3dB in the v.c.o cutput will initiate a
change o the standby path which will
he 5igniﬁ::d by a red Le_d fault alarm on
the front pancl. Loss of lock in the v.c.o
phase lock loop will also initiate a
changeover,

The optivnal power amplifier fits
between  the isolator and the level
detector. It is a broadband design giv-
ing an output in excess of 3W which
guarantees 2W at the equipment
antenna P“”.

A detector monitors the pilot level at
the baxchand input to the modulator.
A drop of 3dB in the pilot level will
initiate a changeover o the standby
path.

The transmit module is housed in a
single, machined aluminium  block
ifigure 6). The picture shows the
power amplifier with the cover
removed. On the other side of the block
iz the modulator pre-amplifier and
pluﬁr-lm‘k circuitry. The veno ix
housed in the compartment at the wp
Fig. 5. Diplexer module left of the picture.
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Receiver module

The receiver 1s of the !.'ingh: down con-
version type with an i.fof 70MHz. Tt is
accommodated in a single, machined
aluminium block (figure 7), and con-
tains the entire receive chain from the
downconverter mixer input to the
demodulator cutpat.

A double-balanced diode mixer was
chosen because of its superior linearity
compared to ‘active’ transistor types.
Good linearity is essential o aveid
third-order intermodulation prehblems
arising from interfering carriers, A typ-
ical noise figure of 9dB is obtained with
the mixer, which includes “second cir-
cuit’ contributions from the following
stages.

The local oscillator signal for the
downconverter mixer is derived from a
v.c.0 operating at one quarter of the
final frequency. Multiplication to final
frequency, which may be 70MHz
either above or below the signal fre-
quency, i3 achieved with a step recov-
Ty VAractor multipli{:r. The v.c.o is
phase-locked to a crystal reference via
a divider with a division ratio of 32,
thus the net division ratio from .0 iz
128 which is the same as for the trans-
mit v.c.0. Hence crystals for the trans-
mitter and receiver are in essentially
the same frequency range, the only dif-
ference being that the receive local

Modulatar

AW amplifiar

Fig. 6. Transmil module
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oscillator has o cover TOMHz above
and below the signal frequency range
to allow tor either lower or upper side-
band mixing.

Following the mixer i3 the i.f pre-

amplificr and i.f filter, The if filter

delines the overall receiver selectivity
and provides the main protection
against large cloge-in interfering car-
riers.  Specifications MPTI402 and
MPT1408 baoth give sclectivity and
spurious response tests which set the
minimum requircments, The spurious
response test 1s the more severe of the
twio.

Essentially this consists of measur-
ing the effect of' a —60dBW interfering
signal upon a — [20dBW wanted signal
as the frequency separation is varied,
For MPT1402 the separation may be
a5 close as 2MHz and this dictared a
sixth-order Chebyshev filter with a
bandwidth of IMHz. A helical line
resonator filter construction was used
to obtain a low insertion loss. At
70MHz a helical resonator can achieve
s in excess of 800, which is consider-
ably greater than that possible with
lumped components. For MPT 1408,
which covers 8-channel systems, the
minimum interference-to-wanted
signal scparation is increased o
2-4MHz, but the r.[channel separation
15 reduced to 200kHz. The latter
required a 0-3MHz bandwidth but 2
somewhat simpler fourth-order filter

was found adequate wo meet the spuri-
ous rejection  specification. Group
delay equalization of the [lters was not
deemed necessary for the low-channel
capacitors being considered.

The main i.f amplifier follows the
filter. This consists of cight integrated
clrcuit stages giving a total gain of
B5dB minimum. The first two stages
act as linear ampliliers while the last
six act as limiters. This configuration
avoids the use of a.g.c and results inan
extremely compact design.

A feature of the integrated-circuit
limiting amplifiers is that they provide
a detected output voltage proportional
to input level. This is used o display
the received signal level on the front
panel meter.

The discriminator is a conventional
Round Travis type using two tuned
circuits,

Irnmediately following the demod-
ulater is a baschand amplificr and
optional plug-in de-emphasis circuil.
A discrete-compaonent amplifier design
was chosen for this applicaton since it
was found to give a noise and linearity
performance superior o equivalent
integrated circuits.

E.0.W — baseband module

The e.o.w— baseband module contains
the baseband circuits for the transmit
and receive paths and the circuits for
the e.o.w. The lawer includes the

engineers’ calling tone, a continuous
1000Hz tome and an audible fault
alarm consisting of a 1000Hz tone
interrupted at a 1Hz rate,

On the transmit side the incoming
baseband signal in the range —30dBm
te =45dBm is first attenuated accord-
ing o the actual level and then split
equally between the MAIN and
STANDBY paths, This latter opera-
tion is accomplished in a high-
reliability hybrid transformer which
also serves to mtroduce the continuity
piiDL signal. The ]_'u'lm i'mqucn{;y 15
situated above the baseband.

After splitting, the signal in each
path is amplified in a broadband low-
noise amplificr. This amplifier is a
discrete-component design to achieve
the noisc and linearity specifications.
As stated previously for the receiver
baseband amplificr, integrated creuit
designs were not found capable of
mecting the stringent noise and linear-
ity requirements. After amplification,
pre-emphasis, if fitted, is applied and
the: sub-baschand signal added before
the compuosite signal is passed on to the
transmit module, The sub-baseband
systern will be dealt with later.

On the receive side, the incoming
demodulated signals from the MAIN
and STANDBY path receivers are
added together in a2 combiner. When
the equipment is operating in the
‘Aute’ mode and the signal levels in



both paths are the same, the baseband
signals are added directly. Should,
however, the noise level in one path
ncrease by nominally 6dB refative w
the other, then that path is automati-
cally muted by the combiner switch.
Reduction of the pilot level in one path
by 4dB will also produce the same
result. However, should the pilot level
on both paths reduce, no action is
taken on the grounds that the fault is
unlikely to be in the receive system. A
compensating resistor network auto-
matically maintains the signal level
constant irrespective of whether both
paths contribute tw the output or only
one. A high-noise mute operates if the
noise level on both paths exceeds a
pre-determined level, This is to pre-
vent excessive noise levels being passed
gut to the line, which would otherwise
disturb following  multiplex  equip-
ment. Typically, the mute is set to
operate when the input signal level
falls just below the receiver threshold.

In*Manual’ mode the receive path is
selected by the MAIN and STANDBY
push-button switches on the front
pancl. After combining, the signal is
passed o the e.oow circuitry and to the
main baseband output via a pilot stop
lilter and a pre-set variable attenuator.

Pilor and noise detection in the
HT201, as in the H7200, greatly simp-
“ﬁtﬁ- IJ'IL" pl'LH_'L'EiS-'Ur l.'hHHI“ft l_'lmllgll]'ls

measuring ‘slot’ are both heterodyned
down to a 10kHz intermediate [fre-
qquency where they are selected by nar-
rowband active filters and detected,
Selection of channel capacity is then
achieved simply by fitting the approp-
riate plug-in crystal for the heteredyne
mixer local oscillator, To avoid the use
of the physically very large crystals
necessary for the Jower pilot frequen-
cies, a variable divider is used. This
allows crvstals to be selected in the
optimum [Fequency range lor stability.
The outpurs from the noise detectors in
the two paths arc compared in a diff-
erential  detector o conwol  the
bascband switch as described above,

The microphone signal from the
engineers’ handset is band limited o
2kHz. This is to allow the band 2-2kHe
up to 3+4kHz to be used for supervisory
purposes in applications where the
normal  sub-basehand  is  already
oecupied. After amplification the c.o.ow
signal is combined with the transmitter
sub-bascband  input  before  being
added to the baseband at the transmit
baseband amplifier Ot][pl-lt,

The receive  sub-baseband s
extracted at the baseband combiner
output by appropriate filtering and
routed to the sub-baseband output

. port and to the receive ¢ow circuit.

The receive e.oow signal may be moni-
tored on the loudspeaker, for which a
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ling and alarm tones. When the e.o.w
handset is plugged in to the front pancl
socket the loudspeaker is automati-
cally disengaged except for the calling
and alarm tones.

Az an optional item & twoe to four-
wire bridge is available for the sub-
baseband. This permits the H7201 w
be connected back-to-back at repeater
stations whilst allvwing supervisory
signals to be inserted or extracted, Te
allows an omnibus eoow system to be
used in multi-hop applications.

A view of the c.oow baschand maod-
ule is shown in fgure 8. Discrete func-
tions arc mounted on  separate
printed-circuit boards and individual
boards may be removed without affect-
ing traflic on the alternative path.

Metering and control module

The metering and control module pro-
vides the following funetions:

a) autn/manual selection of transmit-
ters and receivers,

b} fromt panel indication of transmit-
ter and receiver operational status by
green Leod and failure status by red
Leds,

c) metering ol receiver signal, input
levels and transmits output,

d) metering of output voltages of
power supplics,

el local and remote failure alarm,

mmpared  to more  conventional  level contral is provided, This control ) ‘alarm  receiving  attention’  and
methods, The pilot and a neise s awtomatically overridden by the cal-  “reset” lunctions,
Transmitier
Easgebuan
armpating
Transmtter
bass=hand
amplifier
Tranamitar
spftber
and recoivier E00W B

bumehand cortaimar

Piloit pagilasor
ard deteior

fig. 8. E.OW — baseband moduls
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The metered lunctions are selected
by 12 push-button switches on the
front pancl and are shown on a 3-digit
T-zsegment digital Le.d display.

Scparate  push  buttons  enable
parameters for both paths w be
selected independently.

The RECEIVING ATTENTION
push button cancels the audible alarm
without affecting the visual alarms.

Audible and visual alarms will be
raised if the following faults occur on
either path:

a) transmitter module power output
reduction of 3dB,

h::l loss of phase lock on either the
transmit or receive v.e.o,

c] transmitter and receiver continuity
pilot-level reduction greater than 4dB,
d) transmit r.foutput power reduction
of 3dB measured atter the hot standby
relay,

e) failure of power supply d.c rail vol-
tﬂgt.ﬁ.

In the event of an alarm the cause
can be isolated to a discrete module by
observing the status of Le.ds mounted
behind the front panel. Single isolated
‘dry” relay contacts are provided for
remote indication of transmit output
power failure and the loss of the
receiver pilot in cither path.

Red and green |.e.d indicators on the
front panel show the status of the
transmitters and receivers in each path
and whether the MAIN or STANDBY
is selected, Loss of the receiver pilot or
a phase-lock-loop failure causes a red
alarm to be illuminated against the
particular path. The occurrence of
either fault will override the action of
the differential noise mute circuit. This
i to prevent high noise on one path
initiating a mute when the other path is
aulty, Similarly, loss of phase lock or
loss of pilot in the transmit module is
indicated by illuminating a red alarm
and automatic changeover is inhibited
when a fault is present.

Overall performance

Table | gives a summary of the FI7201
petformance.  Noise power  ratios
(n.p.r) are given for the loading factors
specified in MPT 1402 and MPT1408.

Conclusion

The article has described the salient
features of the HT201 Microwave
Radio Relay equipment, Details of the

Table 1: Summary of H7201 performance

General Characteristics
Frequency range
Modulation
Channel capacities
Pre-emphasis
Linearity
Continuity pilot frequencies
8 Channels

12 Channels

24 Channels

36 Channels
Baschand levels

Input

Chutput

Frequency deviation
8 Channels
12 Channels
24 Channels
36 Channels
Power supplies
d.c

ac
Power consumption

Operating temperature range

Type approval

1427MHz to 1535MHz

F.M/F.D.M

8, 12, 24 and 36

Opticnal for 24 and 36 channels
N.P.R hetter than 52dB, all capacities

49kHz=
GikHz
119kH=
172kHz

=30dBm to —43dBm adjustable in (-3dB
steps
=l4dBm to —30dBm adjustable in -3dB
steps

20kH=
45kHz
35kHz
25kHz=

MV or 48V, Nominal range 009 o 143 of
nominal voltage

120V ar 240V +10% —20%, 45 to 65Hz

120W for fully duplicated terminal

0°C 1o +35°C

DTI approval to specifications MPT1402
and MPT1408

Receiver
Noise figure (without 3dB
power splitter)

Standard

Low noisc option
LF frequency
I.F bandwidth

8 channels

12, 4 and 36 channels
Threshold

8 channels

12, 24 and 36 channels

10dB
4dB
TOMH:=

aMHz
1-0MHz

—127dBW standard
=153dBW with low noise option
—124dBW standard
= 130dBW with low nmsc option

Transmitter
Power output
Standard
High power option
Spurious levels
Badiated spectrum
Clarrier stabality

0-3W

w

Less than —36dBW 0 o 10GHz
According to MPT1402 and MPT1408
10 parts per million

construction of the equipment have
been given together with the main
operating parameters and control
functions.

The equipment offers a number of
uniqut features in terms of small size
and simplicity of operation and main-
lenance.



RESUME

L'article décrit le demier élément apporté & la
gamme des materels de relais radm Marcom
microondes, e HT2 concu pour les applica-
tions dans la bande vilisateur privé 1,5GHz ot
fyui pewt desservir 36 canaux multiplex i répar-
o en r:l'El'.l_I.ll‘:lll.'E. U dem.'.rip-Li.!m deétaillée du
HIHN est donnée accompagnee de Uexpose des
ohjectils et de Voptique qui ont présidé 3 sa
conception et ont abouti @ Ia réalisation d'un
matfricl cxcepionnel quant 4 ses dimensions
réduites, sa flexibiling, la facilité de son emplod
aingi que ses besping de maintenance.

ZUSAMMENFASSUNG

Dier Aufaatz beschreibe den letzten Zuwacha zur
Reibhe der Marconi  Mikrowellen  Radio-
Belaisgerite, die Einheit H7201, die zuom Ein-
satz im |,5GHz Privaiband bestimmi st unad Bbis
zu 36 Cd.m-Kanile avfoehmen kann. Fine
eingehende Beschreibung des Geriits H7201
sowis Erlauterung der allgemeinen
Konstruktionsziele und Philosophie, die  mit
Bezug aul kleine GriBe, Anpassungsfibigkeit
sowic Betrichs- und Wartungsfreundlichkein zu
ciem cinzigarigen Gerit [Mhren.
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RESUMEN

El artfeuls describe la daltima adicidn a la var-
tedad de equipos Marcom del relé radineléctrico
HY201 por microondas, el cual se disefia para
aplicaciones en la banda de usuarios privados de
1,3GHz, y puede acomodar hasta 36 canales
midltiplex por division de frecuencias, Se da una
descripeidn detalladi del HI201, junte con los
u|.'njr.|::li\-r.nt ¥ filnsndia gh:llu!:s del diseno que ha
dado lugar s la existencia de un eguipo dnico, €n
I que respecta a su pequenc tamano, {fes-
ibilidad, facilidad de mancjo v conservackin,
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