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OBJECTIVE

Evaluate the rf dist r ibution system most l ike ly  to be used wi th  the AN ( S (  -34~ \N- I
t’or Link I I  on small ships. Assure i ts  comp atibi l ity  wi th  Link I I  operation and o il ier  siu a ll—
sill !) requirements for transmission and reception.

RESU LTS

I . The 2— 6 M Hz portion ot ’ the rf dis t r ibut io n system baseline conf igurat ion esseri-
ti al l y meets the technical objectives , and a favorable operati ona l e~ i Itiation is indic ated for i t .
Although broadba nd t ransmit t er  noise isolation m ay he marginal , depe nding  on the no ise
perfo rm an ce of ’ t he modi fi ed AN U RT—23 t ransmit ters  used in the Link II hf radio. it is
e xtremel y un l ik e l y  that  this charact erist i c  will  degrade th e operational per f or m ance of the
2—6 MHi. configuration.

2. The 6—30 MHz por tion of the it ’ dis t r ibut ion system baseline con fi gurat ion does
not meet the technic al objectives for t ransmit ter  broadband noise isolation. Depending on
the t r a n s m i t t e r  noise t~er forman c e.  this probl em could be serious. This defici ency alone
would be suffi cient for rejection of the 6—3 0 MHi configuration if good al ternat ives  ex is t ed .

3. [he lack of trans mitter isolation causes a well— documented problem w i t h  nh i s tu n in g
i n the presence oI ’ interfering tr ansmissions , as wel l as a potent ial  source ui lNl generat ion in
t h e  t rans ini ler .

4 . In view of the deficiencies of the  6—30 Ml ii  confi gura t ion ,  it is d i f f icul t  to r e coin —
mend i t :  but  there are Presently tic ) good alternatives.  Problems are inher ent  in the AN 1. 1 RA-
38 whip tuner  as a t r ansmi t t ing  system component.

RECOMMENDATIONS

These recomm endat ions assume the in t er im use of the AN VRA -3 8 whip  tuner .  hu t
only unt i l  a selective tuner can he acquired .

I. Adopt the 2—6 MHz configur at ion described herein.
2. Plan a transi t ion to a selective tun er to replace the AN/URA - 38 tuners  on all tr atis -

w i t t i ng  whips on Link I I  equipped shi ps.
3. Ensure f requency  ml l an ag emen t  to avoid the generation of third order lM produc ts

by t ransmi t te r s  that are operating simu lt ane ou sI ~ .
4 . Check rf distribu tion installations I’or excessive IM generation.
5. Minimize  mistuni ng problems with  the AN/URA -38 whip tuner by switching the

co u pler control to manual af ’ter tune—up,  recording the settings of coupler t u n i n g  elen ient s
for use in the silent tune method , and if shipboard tests on a small ship indic ate per sistent
m is t u n ing  problems — conside ring insertion of ’ a 3 dB pad during the tun ing  seqtience.

6. Because m odula t ion  affects nois e levels and because power sttpply Options (60 or
400 H z )  may a ffect noise levels , include broadband noise measurem ents in t ransmi t te r  testing.
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INTRODUCTION

This task was initiated by the AN/US ( ’-34 Link I i  Development project to evalu a te
the if distr ibution system most likely to be used with  I) igita l (‘ommunieat ions  (‘eñ tra l  A N t
USC-34(XN-l ) for Link 11 on small ships. The objective is to assure that  the rf d i s t r ibu t ion
system is compatible with Link I I  operation and other small-ship r equir ement s for t r an snik-
sion and reception.

This document explains how the characteristics of rf d i s t r ibu t ion  conf igura t ions  can
affect the observable systemn- leveJ performance of Link I I  communications.  First it relat e s a
well-documented method for describing operational performance objectives (ret ’ f ) t o  tech-
nical design criteria for ri ’ distribution systems (ref 2. 3) . It  then describes the evaluat ion  of
2— 6 MHz and 6—30 MHz ri’ d is t r ibut ion systems as well as critical laborator y tcst~ pri m ari ly
of the isolation performance amid in ter m odula t ion  prod uct generation of the mul t icoupler
(Antenna Coupler Group (AN / SRA- 56 ))  and the whip tuner  (An tenna  (‘oupler Group ( A N Y
URA-38 )) .

Appendix A is a comprehensive checklist of ’ r f d i s t r ibu t ion  sy stem funct ions  that  was
used in organi?.ing this evaluation.

OPERATIONAL PERFORMANC E OBJE CTIVES

The operational perfor mance of a c o m m u n i c a ti o n s  l ink  has been described in t e r m s
of link responses to system-level interactions (ref I ) . In stiiiitiia r ~. . t hese responses l’all in to
four categories:

System avai labi l i ty —-Link con t inu i ty  as determ ined h~ hardware-re lated failures
Link avai labi l i ty — Link cont inui ty  as determin e d by I~ii lures related to the propaga-

tion medium

Symbol error rate - Link ut i l i ty  in t erms of received message qu a l i t y
Handling ef f ic iency—Link usage qual i t y  wi th  respect to the con t inu i t y  of ’ t r a f f i c  flow

All but the last of’ these link responses are influenc ed by sy steiii ’l e~ ci interact ions involving
the rf distribution system. The interactions are shown in figures  1 and 2 ( taken fro m ret ’ I .

• Ketron. Inc report KRF 24-75 , Operational Test and Evaluation of ( ‘ nm n i c a i l u n s  S V\1cn1s . by
Hardy, JC Wilson. and JR Fish. Contract  N00039-74-( ’.Ol ~~~~ 23 March l~~75

2. NOSC Technical Report NEL C TR I 7~ 6. TRED ll f  Communicat ion System Ana i ~ ~Js . b WM Chase and
CW Tirrel l , 24 September 197 1

3. NOSC ID 1 5 1 , EMC Analysis for AN t S(’ 34( XN- I I Link I I Hf Radio. by Ii K inke l .  I March 10Th .
This report presents a detailed analysis o f electromagnetic compat ibi l ity  ( EM(’ I . including analysis ui
the impact of J O and 5 per cent f’requ en ey separations between sy ste m s a nd the per formance  o m f a selec t i ve
whi p tuner to replac e Antenna (‘oup ler ( r u u p  AN t I R A . 3~

__  __  _ _ _ _ _ _ _ _ _ _ _  .. , - -- -
~~~~~~~
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SYSTEM AVAILABILITY

E xcept t’or catastrophic external  factors such as power fa ilure . thur ch ar a c ter i s t ics  of
a sy ste m affect sy stem a v a i l a b i l i t y :

Preventive maintenance  schedules
Incidence of sv stet l l  failures a t t r ibu tab le  to mechanic a l fai lure of a s s s t e ln  component

Ln cidence ot sy stem failures attr ibutable to operator errors
Time req uir ed to resto re the syste m to use a t’ter failure

Each component of an rf dis t r ibut ion system must be protected to minimize the time required
to restore the system after t’a i lure. Operator error can seriousl y degrade system avai labi l i t y .
It can result in the coupling of large amounts  of if energy into sensitive receiving systems. It
can allow excessive voltage bui ldup in t ransmit  components . seriously damaging them , To
protect against operator error, isolation and protection t’unctions are vi tal .

LINK AVAILABILITY

Path f’ai lure rate is the frequency with which one of perhaps several paths being used
to support a link deter iorates to the point that it will no longer support reception of ’ a sign al
(ref I ) . One of the funct ions  of the if distr ibution sy stem is to isolate FM I threats.  which
degrade path qual i ty  and are the major cause of pat h l’ai lure. The e ffect of ’ the rf d i s t r ibu t ion
system on link avai labi l i ty  is expressed as the probability tha t inadequate isolation in the ri ’
dis t r ibut ion func t ion  will  result in such deterioration ,

SYMBOL ERROR RATE

An acceptable symbol erro r rate also depends on path qual i ty ,  which is adequatel y
described for this purpose by the signal-to-n oise ratio ( S N R ) .  Several of the functions of an
rf distribution system contribute to an adequate SNR ,

Figure 3 exhibits a typical power budget for a Link I I  system, Noise and spurious
radiation originating in the rf distr ibution system or int ernal ly  coupled by it will be referre d
to the antenna terminals  to equate it to an equivalent  external  noise,

The combined effects of ’ system noise t’igure and external noise comprise the operating
noise figure of the system. As long as the operati n g noise fi gure is dominated by truly extern al
noise sources such as atmospheric noise or topside generated IM. the influence of the receive
portion of the rf distr ibution system on SNR wil l  be neg ligible.

If the system noise figure is a ffected by if distribution loss or internally coupled noise.
the rf d is t r ibut ion system will  degrade the SN R.  potent ia l ly  threatening the symbol error rate.
The actual magnitude of the threat  depends on the system SNR margin.

6
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TECHNICAL PERFORMANCE OBJECTIVES

QUASI-MINIMUM NOISE

T h e  des~gti cr iterion f’or shi i i*oard rt ’ distrib ut ion systems described in reference 2 is
based on quas i -minimum noise, whi ch represents a soft low er bou nd on at m osph er ic noise at
sea (see table H.

Table I Quas i—minimum at mosphe r ic n oise leve l s

Frequency, MHz Quas i ’Minimum Nois e Level . d13 above k 1~

2 52
4 44
6 39
8 36

10 33
12 31
I S  2 8
20 25
25 22
30 20

The contribution of the if dis tr ibut ion system to symbol error rate can be evaluated
on the basis of the levels shown.

TOPSIDE I M PRODUCTS

Simultaneous transmissions cause intermodulation ( I M )  products to be generated in
topside structures. The level of these products at a receiving antenna ma be well above quasi-
min imum noise at the discrete frequencies corresponding to low-order IM products , The rf
distribution system tnay generate lM products or may fail to isolate transmitters suf f i ciently
to prevent transmitter-generated I M products ,

If the c .perating noise fi gure of the receiving system is l imited by topside-generated
IM , a potential  degradation in symbol error rate cannot be assigned to the rf dis tr ibution
system.

Topside-generated IM levels vary over a wide range . depending on the care wi th  which
topside structures have been constnicted amid maintained ,  Available data are summarized in
table 2 (ref 4) . The minimum third order IM level is 10 to 42 dB greater than 2—30 M l-lz
quasi-minimum noise ( in a 3 kflz bandwid th ) .  For fift h and higher orders , therefore , the
technical performance objective of ’ the rf dis tr ibut ion system is to achieve IM levels equivalent
to those observed on a clean ship. Third order interm odul ation frequencies should be avoided
through frequency planning. due to their hi gh topside-generated levels , For this reason , t he
rf dis t r ibut ion sy stem performance with respect to third order intermodulat ion Products is
irrelevant,  provided that  through frequency management . third order lM products I’romF simultaneously operating t ransmi t te r s  are avoided.

4. NOSC Technical Rep ort NELC rR I 585 , Shipboard Radio Frequency Interference Investig ation:
Status Report , by WE Gustafson and G(’ Salisbury. 18 September 1968

8

~~~II_1__ — — ----- , —-- , .‘ ‘ —‘ .- -— ------ ,—- -- -•, - • -—-- -, .-•, . .-—----- • ‘~~~ ‘-- --,- -- . • . - —-- -—--,-~--————— — • —,---—--- .•—-•- - --



Fable 2 . Obse rved topside inter mod u la t i on levels

Maximum Level
Before Cleanup. Minimum Level

lM Order dBm (Clean Ship) . dBm

3rd -47 -77
5t h — 6 7 — 9 7
7th -82 — 1 1 2
9th — 97 — 1 2 7

FREQUENCY SEPARATION

The relationship ot’ operatio nal perfor m ance to the f ’req u ency sepa ration r eq Ui l e ln e l i t s
betwee n simult aneously operatin g hf sy stems has not been derived. Small-ship needs are
assu m ed here to be met wi t h  a I S  ; f requenc y separation capab i l i t y .  An ana l y s i s  ol ’ t h e  electro-
magnetic compatibi l i ty  ( EM ( ’ ) impl ica t ions  of 5( and I ft separations is given in r e fe rence  3.

2-6 MHz SYSTEM EVALUAT ION

SYSTEM DESCRIPT ION

The baseline confi guration shown in figure 4 is th e specif ’ic 2— ( MHz ri d i s t r i b u t i o n
~ stem which was evaluated , The communica t ion  system in which  it is i l ite lided to be used
is diagra mm ed i n figu re 5. Th is confi gura t ion allows a broadband 2—6 M h z. a n t e n n a  to he
shared for both transmission and reception with three oth er  ports available on the A n t e n n a
Coupler Group AN/ SRA- 5o .  It may he shared for rec eive-only through Coup le r-Isolator
(‘U-2 I I  3(XG- l )/ SRC (also known as the common antenna  receive and t r ansmi t  sy stem , or
(‘ARTS ) , followed by Anten na Coup ler (‘U- I 799/ SRA. a receiving mul t icoup l er  t h at is part
of Antenna  (‘oupler Group AN/ SRA-49 . Transmit-receive switchi ng is accomplished wi th
the TR switch in the data adaptor uni t  ( DAU ). which  is part  of t h e  Link I I  mod i f ’icat io n to
Radio Trans m it t l ng Set AN , URT-23 ,

A lte ~nat ive configurat ions may invo lve subs t i t u t io n  of a ( ‘U— I 799 receive m u l t i c o t i p l e r
for  the 20-dB a t tenua tor  in figure 4 or delet ion of the  (‘(3-2 1 13  receiving coupler.

Performan ce evaluat ions of t he cou p l ing and isolat ion fu n c t  ioflS t o t  low .

9 

- •~~~~~~~~~~~~~~ -- ‘• -- ,~~~~~~~~~~~~~~-•.-~~~~~~~ --- .~~~~~~~~ - . . .  -~~~~ - .. .



URT-23 ______________

T R A N SMIT T ER

MUL 1~COUPLER ~~ I A N T E N N A

A 1051 ATTE NUAT OR
RE CEIVER (20 dB )

PORT S TO 4 I
OTHER TRANSMITTERS OTHER
AND R E C E I V E R S  RECEIVE .ONLY

SYSTEMS

figure 4 . 2— 6 MHz base line configuration , showing signal interfaces.

OTHER R 1051 RECEIVERS

~~ L I RECEIVING
TRANSMISSION MUL1~COUPL ER r LANIE~

A
M U LTICO UP LER

~~~~~~ SM~~~ ER 

2-6 MHz SMALL SHIPS’ f 2-6 MHz 
ANTENNA

RF DI STRI BUTION SYSTEM BROADBAND 4 
~~ ISOLAT I ON

—1 
ANTE N N A

TRA:sMis :I:: 

TRANSM ITTERS
J

Figure 5. 2— ( MH z small shi ps conlmii unic at ion system .

10 



TRANSMI TT ER TO ANTENNA COUPLING

The SRA-56 is speci f ied  to match  a 3-to- I VSWR load to w i t h i n  1.05-to -I  VSW R
(ref 5) .  Since the UR ’l ’-23 t ransmi t te r  is sp ecif ’ied to load i nto a VSWR up to 4 to I . no
problem is expected in co t ip h ing  the  t r ans n i i t t er  to broadb and a n t e n n a s  meet ing a design
objective of ’ 4— to—I VSWR . a l though the above specifications leave some room for dou b t .

(‘o m p a t i h i h i t v  was verif i e d in tests in wh ich  a I 2—ohm d u m m y  load was used s~ it l i
various lengths  of t ransmission l ine ,  The coupling loss was measured to he less t h a n  2 dli .

ANTENNA TO RECEIVER COUPLING

The R I  051 receiver is specified to have a 1.2 pV (open circui t ) s ens i t iv i t y  for ( SI- N I N
of hO dB (ref 6) . This corresponds to a noise figure of 18 dli .  In fact , the R I  051 receiver is
considerabl y quie ter  than this f rom 2 to 6 MEL ’..  where the noise Iigure is t yp i ca l l y  12 dl i .
The noise figure of the receiving sy stem is time sum of the receiv er noise figure. the mu l t i coui  p I er
loss , amid the 20 dli loss of the a t t enua to r ,  Figure 6 compares quas i—min i m u m noise f r o m  2 to
30 MHz wi th  the result ing receive system noise figure (34 dB between 2 amid 6 M H z ) .  The
2—6 MHz pert orniance is ent i re l y sat isfactory . The 5 dB margin at 6 MHz implies  an SNR
degradat ion of ’ I dB at q u a s i — m i n i m u m  noise levels.

Receive-onl y systems using the hf receive port of the (‘13-2 1 1 3  coupler  wi l l  also
meet quas i—n I in in i u m noise objectives (re t’ 7 ),

5 . NA VSH IPS 0967~284-60I0 , Technica l Manual  fur An tenna  (‘omi p ler Gr uu p s  A N SRA .5( ~ ..\\  SRA- ~~ .
AN SRA .5~ . 27 March l9t ~9

6 . M I L - R - 2 3637G , Specif lc ation for R 105 IG E R R  Receiver . Octu h er  )o ’77

7 . NOSC Technical Document NEL ( ’ TD 437 , (‘V .2 I 13) x ( ; - I )  SR( (‘oup le r .Iso laio r:  Technical l v : i l u a l i o n .
by IC Olson and JL Lievens . 31 Jul y 19 7 5
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I i gll re 6. Qiiasi ’ nii n i rn u n and receive svst i ’n i  noise fu r  bulb the 2—6 \ t I I ,  and the t~—3n M l h i  c u n t i e m i r a t i u n .
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TRANSMITTER TO RECEIVER COUPLING ~MO Nl TOR I NG )

The 20 dB at tem iuator  is used to sample a t ransmit ter  signal and coup le it to a moni tor
receiver. If a typical receiver noise tigure of 1 2 dB is assumed , t he required signal level at the
receive port ot’ the T/R switch is —90 dBm n .  Lven wi th  t h e  specified receiver noise fi gure of
18 dB , the I)AU specification (‘or a receiver moni tor  sample of —60 ±6 dB (re f 8) leaves a
margin of at least 18 dB. The receive monitor sample is en t i r e ly  adequate as spec i f ied ,

SRA-S6 MULT I COUPLE R ISOLATION

Typical a t t enua t i on  characteris t ics  of th e  SRA — 56 mul t ico uple r  are shown in fi gure 7,
The nominal characteri stic (part  A ) m a y  he described as 40 dB a t tenua t iomi  at 5’ frequenc y
separation increasing at I 2 dB per octav e do wn to 60 dB at l6~~.

The e ffect of off- t’reqt me m i cy conj u gate matching (sometimes called suck-ouH is shown
in part B. It can occur when uncontrolled out-of-band source and load impedances coinci-
dental ly approxima te a conjugate match. The worst-case effect would be loss of the isolation
associated with one fi l ter  mesh. Freq umencies at which th is occurs are a f’unction of cable
length as well as multicoup ler and t ransmit ter  coupling circuits.

Because of these uncertainties , considerable attention was paid to the SRA-56 multi-
coupler isolation characteristics in testing the rf distr ibutio n system .

8. Specification : AN /URT -23 ( )(V) Modification for lank  I I  DaIa (‘omnmun i c a l ion s , 24 Feb r u ary  1977
(worki ng paper )
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TRANSMITTER BROADBAND NOISE ISOLATION

The URT-23 t ransmit ter  has no spec ification regarding broadband noise. A final
determinat ion of rf d is t r ibut ion system isolation adequacy will  depend on the results of
tran smit ter  testing , For an initial  starting point , a tentative specification will be assumed :
less lu au —60 dlim mn easur ed in a 3 kH z ba n dwidth (ref 9) .

F igtmr e 8 shows t h e  power budget t’or t ransmi t te r  broadha mmd mioise isolation when
t h i s  spe cil ’i cati omi f ’or t ransmi t te r  mioise is used along with the no m iiina l  n iul t icou pler  isolation
charact eristics. The resulting performance margin varies f rom 32 to 19 dli from 2 to 6 Mhl t .

TRI  NSMI TTER N OISE

-60 (3 kIIz BANDWIDTH I

3 kHz-TO’PER.Hz
CONVERSION (35 dB)

-95 (NOISE POWER DENSITY)

MULT ICOUPLER QU.~SI.MINIMUM NOISE

ISOLATION
(59 dB)

dam _______________________

MARG I N( l9 to 32dB) 52 dB/kT

-154 39dB/kT
NPD AT T O E AT 6 MH z
A N T E N N A  I

-1 74 THERMAL NPD (kT t

Fi gu mre S. Power budget for tr -I : Is n mtl ter  broadband noise isolation (2 -b Mh1 , ).

Of ’t’-frequency conjugate matching will reduce (or e l iminate )  this margin part of t h e
time. An important objective of the test program , to measure the statistical parameters of
these variations , resulted ill the  distribution shown in figure 9.

The measured isolation of the SRA-56 mimiticoupler varied from 39 to 69 dB . or —20
to +10 dB relative to the mioniinal isolation of 59 dB. In comparison with a computed perfo r-
mance margin of 19 dB , assuming 59 dB SRA-56 multicoupler isolation , the performance is
marginal at 6 MHz.

As shown by the probability distribution . figumre 9. t ransmit ter  noise isolation will be
marginal less than l O’/c, of t h e  t ime , at the worst-case frequency of 6 MHz. Thus for a broad-
band transmitter noise level of—60 dBm in 3 k h-I z , the noise isolation is marginally satisfactory
in terms of the technical performam ice objectives.

An evaluation of the e ffect of this marginality on operational performance (symbol
error rate ) should take the f’ollowing factors into account:

9. Military Specification : High Frequency Radio Set . 17 February 1976 (working paper )
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Figure 9. SRA.56 niultico upler isolation at I 51 frequency separation : cumulat ive  d is t r ibut ion ,

The probability distribution of isolation
The frequency dependence
T h e  range between upper and lower decile atmospheric  miO i se levels ( approximate ly
18 dB at 6 MHz) (ref 10)
Expected SNR margin

A determination of the broadband noise perf ’orman ce of the URT -23 transm itter is
necessary to draw final conclusions , bit t if it is demonstrated to be equal to or less than t h e
specification assumed here , SRA-56 mnu lt icoup l er  isolation will be ent irely adequate. T h e
probability that an actual degradation in operational performance will occur is estimated to
be less than 0.1 ~1.

ISOLATION BETWEEN TRANSMITTERS

Isolation between tr ansmitters is necessary to prevent daniage to transmitters , prevent
interference to transmitter  tuning and inter lock functions , amid n l in ir niz e in te rm u odu l a t ion
products generated within  transmitters ,  Of these ite m s. inter m odulation generation is the
critical , l imi t ing factor. The technical objective is to mainta in  the IM levels below those
expected from topside sources. Isolation between SRA-56 multicoupl er ports at I 5~ f’requ encv
separation is more than adequate to meet th is objective. Laboratory test n i eas u mrement s ind i-
cated that  the l imi t ing  source of configuration IM is the SRA-56 mu lt ico upkr  itself ’. confirm-
ing that  isolation between transmit ters  is more than adequate ,

10. International Radio (‘onsultativ e Committee ( CC I R) Report 322 , World l ) istri huti on amid ( ‘h iar acteo s ric ’,
Atmospheric Radio Nuis~ , International  Te leconim unicatiom i Union, Geneva, I 964

15

I 
-—-.- -~~~- —-- - — - - - - - -- .—- - - - . - - A



SPURIOUS SIGNALS ORI GINAT I NG IN TI-I L RF DISTRIBUTION SYSTEM

Interniod ul ation ( I M )  product generation in the rF dis t r ibut i on system is minimize d
by specifying con stru ction practices and selectin g parts to avoid nomi lt m i eari t ies in the signal
path.

Third order IM produ cts (ref ’erred to equi valent  levels at the an tenna  termina ls )  were
—64 to —93 dBm at I 5’ separation : fi f ’th order product s . —96 d l im n ,

Third order se l f-generated IM levels were determined to be i m i the ram ige of topside -
generated IM on a clean ship , hut  tit ’th and h igher order sel f-generated IM levels were foum mid
to be well below the correspondin g topside levels , Thus the dis t r ibut ion system more than
adeq u ate ly meets th e tec hni ca l object ive f ’or this characteristic ,

TRANSMITTER-RECEI VER ISOLATION

The SRA-56 mult i coupler  and the 20 dB at tenuator  isolate the Link 11 receiver f ’rom
simultaneously-operating tran smitters connected to the multicou pler.  At I 5’l frequency
sepa rati on , the isolatiomi totals 79 dB. The threat at the receiver from a I kW transmission is
—19 dBm (60 dBm — 79 dB) . This is well below the 8 dBm level at which receiver overload or
cross-modulation occurs. Furthermore , problems with off-frequency conjugate matching
(suck-out ) would not be expected . since the 20 dB attenuator guarantees a 50-ohm resistive
load.

Tests verified that  recei ver desensitization does miot occur.

TESTS OF THE 2-6 MHz SYSTET~

Laboratory tests of ’ the 2— 6 MHz distribu tion system couplers were made to measure
SRA-56 multico upler isolation and the generation of IM products in both the SRA-56 mult i -
coupler and the CU-2l 13 (XG - l )/ SRC coupler -isolator (CARTS ) . Peripheral test equipment
included the CU-I 799/ SRA receive coupler (part of SRA-49 , mounted in a special 4-drawer
mini-coupler case ). AN/URT-23 transmitters. and an R I O 5 I D / U R R  receiver. The transmitters
were temporarily available units which had been modified for submarine use. In addition .
the following calibration measureni ents were made on the test system components:

Receiver Noise Fig imre
Transmitter Noise
CU-2l 13 Isolation

Furthermore. IM products found to be generated by the dummy load led to the use of a 50
ohm transmission line dummy load in the IM test configuration.

MULTICOUPLER ISOLATION MEAS UREMENTS

PROCEDURE

The primary objective was to miieasure the variation in multicoupher isolation caused
by off- frequency conjugate iiiatchin g . The most serious e ffect is on broadband transn iit ter
noise isolation.

16
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Figure t O  shows th e isolation te s t  se tup .  I o  a t t a in  a re al ist tv s i m t t u l a t m o t t  of the  ; t c t u i a l
coupl ing condit ions , a U R I ’— 23 t r an sm n i t t e r  wa s used , ‘I he rece iver  was connected t h r ou gh a
va riable a t tenuator  to a port of the mu lt ico t lp ler  tha t  was tuned to a treqt i emic ~ separated )~
I 5’~ front that  of ’ t he t ransmi t t ing  port , The variable a t t enua to r  was adjusted fur a 3 dli
i ncrease in receiver noise when the t r a m i s mni t t e r  was key ed wi th  a two-tone test signal ( I  -513
model.  If ’ a 3 dB increase could not he reached , 0 d B  was recorded and a 0. I . or 2 dli rise
in re ceis er noise was noted.

TRA ~~~~~~TER F L i 

L2 

MUL~~~ O~~~LER 

~A N T E N N A  

~~~ D~~M~~ Y 1
TWO.TONE

L GENERATOR 
ATThNUATORj

R I O 5I D
RE CEIVER

AUDIO
METER

Figure I 0. Iso Ia t io n test c it t  I i gu rat on

These measurements  were made twice  over th e 2 to 6 Ml Iz range , once for  each i l l  t s ~ ii
d i f f e r en t  cable lengt h s between the t ransmi t t e r  and m iml t i coup l er . to i ncrease th e site of the
s ta t i s t ical sampl e,

Mu i l t i coup l e r  i sola t ion was computed  by using t h ese data  together w i t h  t r a n s m i t  1cr
nomse. interpolated between measured ca l ibra t ion  po in t s , am i d receiver noise figure.  ( See
( a l ibr a t i on  Measurements . )

the response of the  receiver to a si gnal  injected t h r o u g h  the  40 uII3 coupl er ~ as checked
w i t h  the  t ransm i i i t ter  both k ey ed and u t ik e ve d ,  to detect  r e ceiver  deserisi I t t a t i o n .

I?
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R E SU L ’FS

The results of t h ese measurem itents are shown in ex h ibit  I ,  t h e  mu l t i coup l e r  isohatiomi
was computed from the f’o ll owimig equat ion:

I solatiomi ( imi d l i )  t ransmi t te r  miois e ( in dBm ) — received noise ( in  dBm

Received noise was calculated as t’ollows front t h e  measured noise power densi t y ,  NI ’I )
( NPD equals the receiver noise figure plums t h e  a t tenuator  sett ing.  I

Received noise ( in  dB = —174 (dBm at kT )  + NPI ) ( iii dB over kT ) + 10 log 10 3000
((lie assunied received bandwidth ) .

Since the t’igim res (‘or transmitter noise reflect the samiie assumed 3 kI l t  recei~er ba nd-
width . these terms cancel. And since the samn e receiver was used for the t ransmi t te r  mioi se
measurements , its actual effective noise bandwidth cancels out of the equat ion.  The results
were plotted in the cuniulative distr ib u mtion of f’igure 9 , There was no observable receiver
desensitization.

INTER M ODULAT I ON PRODU CT MEASUREMENTS

PROCEDURE

The test configuration of figure I I  was used to measure IM products The t r ans m i i i t t e r s
provided threat carrier signals at 800—1000 watts each. To mininiize t h e  load as a source of
IM , a transmission line was used as a dummy load. The nieasuren ient process was identical  to
that  imsed for the isolation nieasurenients in that it used the RI  051 D receiver as a calibrated
detector. The observed spurious response is a carrier in th is case . rather than broadband
noise : therefore the assumed 3 kHz receiver bandwidth does not cancel. Bitt t h e  scatter in the
measurements is so large that the ± 1 dB erro r is insignificant ,

As shown in figure I I  , the observation point was at either a t h ird niul t i c oup ler  port or
the receive signal port of the CU-2 1 13 coupler-isolator. The CU-1799 receiver coupler was
used to isolate the receiver front the direct threat signals.

The measured IM levels were corrected for CU-I 799 loss, SRA-56 loss. aiid CU-2 113
loss (where applicable ) . These corrections were nieasured as part of the calibration process ,

The various means used to identify the sou rce of observed IM products included
component substitution . obse rvation of frequency dependence , and the eff ’ects of physical
disturbances (pounding a fist on the multicoup ler drawer or tightening connections ) . Two
different SRA-56 multicouplers (four drawers each) were used in these tests.

18 
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Figure 11 . IM test configuration.

RE SULT S~-SRA-56 IM GENERATION

The resu lts of the IM product measurement are listed in table 3. The IM levels are
referred to an equivalent signal at the antenna port of the SRA-56 mu lticoup ler. With the
CU •2 1 13 disconnected . the SRA-56 multi coup ler was the doniinant source of IM products ,

Table 3. SR A-So IM product measurement

Frequency, k I’lz ln t ern t odu l at i on

Transmitters Receiver Separation . ‘.~ Mult i coup ler Order Level. dBni

2

2400 2760 2040 I S I 3rd -93
2400 2760 3120 15 1 3rd —77
5200 5980 4420 15 I 3rd -64
5200 5980 4420 15 2 3rd -71
2400 2520 2640 5 2 3rd -59
2400 2520 2280 5 2 3ru — 65
5200 5460 4940 5 I 3rd —58
2400 2520 2760 5 2 5th -88
2400 2520 2160 5 2 StIr —1 06
5200 5qg~ 3640 15 I 5th — 9 5
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R i SUL I S  ( t I ~~2 I  13 IM ( ; l . N l - ,RA I IUN

The (‘U— 113 coupler—isolato r was tested for  I M generation h t i t l r  h~ EIbSs ’ i \  u i u ~ IM
products at a thr i rd  port of ’ (lie SRA-56 amid by observing t h ose pro duct s at I t s  i i s ~ ii R I ( h R I

~I(’ Port.
l ire Iirst met h od tended to c o n f i r m  t ha t  the SRA —56 was t i re  d o m i m i m i a m i t  source I t  I

gener -atio t i ,  l’he second ind ica ted  tha t  t irere t t ra ~ have h eemr some I M general Ion Ifl t h t~’ CI’ S C

solj t  L I I I  c i r c u mi t  of t i r e coupler—i s olator .  A l t h ough tire IM levels de t erm i t red  h~ thr e s c t e s t

ss crc trot hi gh ei rou mg ir to be classed as a p erfo r i r ra t ice  def ’i c m e m r c y .  t i r e  o tm tc o m i l e  is  .11 a l  lance
wi t  Ii pres t o ur s  resul ts  whi i chr  ind ica ted  much less IM g emi era tmon for  ( I r is  ummii t . i’roduic t lol l  t I i i l t s ,

w i rem i  a~ai1ahk . should he tested for IM gener at ion ,

& .~ Ll13 R \ I ION %ILA SURI - .~lI N I  S

I irs ’ 1 1 1 1 1 4 1 5 ¼  ing ~‘a l i I ~r .t t R I l i  i I I s ’ . t s u i F s ’I i t s ’ I i t ”  5¼ er s ~s’r fo r i n e d

Res eis em noIse I i i.!IL T I ’

‘ [ramr s mrr i t t e r  n oIse

I. ‘ — 2 1  1 3 i L’~ C S  4 p o n t  S I ,  II 01

R I - ( ’ I - I V l - R N OI Sh -  I I ( t R I

..~~ti R ( ’ .\ portable  noise ~iLnL - r , I t l  set I s e r ia l  I I s~ as used 1 1 1  nrea sure  t h e  K I ( I S  I I )
recs’i ’ S er mioise f igure ,  l ire e i r t r i e s  in tab le  4 r e f l e c t  these I i i e as t i r e i r r cn t s .

Table 4. U R A — 3 8  i s o l a t i o t r  u t  broadband 1 I : i i r s l i t l t t e r  noise

Amh X t n t r
Frequency Kcvr N o i se .  N oise .  Xiiit r \ T I I T ,. K9’ A pr ro \ I ( , I ~ ( K - \ -  ~s

— .  NF , dB Oscr dB Over N oI se . (‘pi g. X r i t i r  X i n t r  Islii .
\nul  Rcv Separation . % dB Rcvr Noise R cvr Noi se dl3ni d13 N o i s e ,  JR \ III ’ ,C . d13 d13

n83S 5810 I7 .n 1 2 I~ 21 _ 1 0 1 1  — 2 7 — 52 — H
1 5 3  S 7 860 I S  12 I I  10 - I (IX —2 5 - X I )  —Mi ~ —6

1)3 Q 5 8333 11.7 13 10 13 —11 6 ~2° — 8 7
h ) t ~~~S I I  274 2 1 I I  6 7 —12 8  —3-4 _94

100 13 685 1 7.6 I 2 14 14 <— 120 — 3 7 <— 53 —90

Ui 100 18 5 15 I S  14 12 18 —1 0 8 -3 4 -~~4 -~~4 (I
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TRANSMITI ’E R NOIS E

Transmr i i t t er  noise was mireasuired at tire output  of tIre cable load , wit h omie t ransmi t te r
keyed wi th  a two-torte test signal. In all ot h er respects the measuren ient c onf ig u ra t i on  was
that ot’ figure I I , ‘[he results of these measurements are reflected in table 4.

Two observations are re levairt to t’ui t U re noise nreasure ir t ents on Link I I  t r a n s m i t t e r s :

Broadband noise was significantl y higher whem i the transmitter was keyed withr t i re
two-tone test signal in the  USB mode tiran whemi it was keyed for cw carrier tr ans-
mission.

The rather high levels of broadband noise measu red I’or these t ramis m it ters  I iia~ he
related to tire 400 Hz power supply. In measureirients . 60 Hz u n i t s  of the  UR 1’-23
transmit ter  have shown a lower noise level.

CU -2 1 13 ISOLATION

Isolation between the TRANSMITTER and RECE IVE MC ports of the CU-2 1 13
coupler-isolator was checked with a spectruni analyzer. Results were substantiall y in agree-
ment with previousl y published results (ret ’ 7) .

6-30 MHz SYSTEM EVALUATIO N

SYSTEM ALTERNATIVES

It is assumed that  the sniall ship will  not be equipped with  broadb ami d anten n as t’or
6—30 MI-li. A simple vertical whip is the antenna that will probably be available. A base
tuner is u sed to niatc ii the antenmia for t ransmit t ing.  The transmi t t imig whip cannot be
shared. Th ree system configuratiom is can be used with vertical whip antennas:

Transmit /receive on one wh ip anteniia.  t ransmitter  matc h ed with URA-3 8 base tuner ,
and receiver protected by CU-l799 receiving coup ler.
Transmit/receive on separate anten iias , t ransmitter  niatched with URA-38 base tuner.
and a separate shared receive system using a m odified CU- I 799 receive antenna coupler.
Transmit /receive on one whip antenmia.  with a new selective base tuner — the selective
antenna coupler system I4 SACS~.

The first alternative is evalu ated below. It arid the second al ternat ive  share the
difficulties associated with mistuning of the URA -38 in the presence of interferimig signals
(ref I I ) .  The second alternative requires n iodificatiomi of ’ the CU- I 799 to permiiit the receive
coupler to recover quickly froni an overload condition. l’he third al ternative is the most
desirable front a technical point of view , bit t it is not yet developed. 1’Iie svsteni tinder
evaluation is shown in figure I 2.

I I .  NOSC Tec~rnica l Document N fl-C TI) 170 . Mistun ing of AN /iJRA.38 and AN JU RA -3 8A An t enna
Coup ler Groups i n the Presence of Interfer ing Signals , by iL Lievens , 20 March 1972
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TU NER CONTROL WHIP 
~~~ 7CONTR OL A N T E N N A

SIGNAL
URT-23 

_______ 
T/R URA-3 8A 

______

TRANSM ITTERj SWITCH

] 1 BASE TUNER

I RECEIVER
] _________

Figure 12. 6—30 Mhz baseline cont lgurat ion.

TRANSMIT MODE MISTUNIN G

The function of the URA-38A is to couple a signal line to a standard 35 foot whip
Mistuning of thi s uni t  may occur in (lie presence of interfering signals . This problem appears
to be niost severe between 6 and 10 MHz (ref I I ) .  The t’ollowing steps are recomm ir ended to
minimize it:

Switch the cou pler control to manua l after tu m n e -un p.
Record the settings for coupler tuning elements for use in the silent tune method ,

Shipboard evaluations on a small ship should determine whether these steps are adequate .
A 3 dB pad inserted in the transmission line at the transmitter during the tunimig sequence
will  lessen the degree of coupler mis tuning cau sed by other radiating sources, This feature
is no t incorporated in tire system shown in figure 1 2.

TRANSMIT MODE INTERMODULAT I ON PRODUCT GENERATION

The mistuning problem is a symptoni of inadequate isolation between trans m itters
operating on separate antennas. This lack of isolation migh t he expected to cause IM product
generation within the transmitters. A limited number  of measuren r ents (see Tests of tire 6—30
MHz System) were inconclusive on this point: transmitter-generated third order IM was
probably observed, but fifth and seventh order products were below other IM sources in the
measurement setup.

Estimates indicate that  transmitter-generated lM products may he well above topside-
generated levels (ref 3) .

23

L 
_ 

_ _ _ _ _ _  
-~~~~~~- - - - - - -~~~~— - - --



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TRANSMIT MODE MON ITORING

A function of ’ the ‘F/R switch is to couple tire receiver to the transmitter for monitor-
ing. As in tIre 2—6 MHz syst emrr , no perf ’ormrra n ee problem is evident in this funct io n .

RECE IVE MODE NOISE FIGURE

The receive sys t emi r noise figure is shown in figu re 6. The noise f’igumre of the R 105 II )
receiver is typically 16 dB between 6 and 30 MHz. On-ch annel insertion loss of the CU- I 799
receive mirult icoupler  varied between 4 and 10 dB. Noise f’igure is marginally satisfactory at
30 MHz.

RECEIVE MODE ISOLATION

The CU- I 799 provides amp le isolatiotr from simultaneously operating tran smitters at
I 5(7 frequency separation. The sum of antenna and multicoup ler isolation is in excess of 90
dB.

TRANSMITTER BROADBA ND NOISE

The URA-38 tuner provides l i t t le  or no rejection of transmitter noise and spurious
signals . Analysis based on shi p separa tion of 35 feet amid assuming a tentative specificati on
of— 70 dBm broadband noise between 6 and 30 MHz measured in a 3 kHz ban dwidth (ref 9)
indicates that transmitter noise will be 1 8—23 dB in excess of the quas i-minimum noise
objective. Whip decoupling is treated in detail in reference 11 .

Transmitter noise actually observed (see Tests of the 6—30 MHz Systeni ) was —80 to
—90 dBm . If trans n iitter measurenients verify these broadband transmit ter noise levels . trans-
mit ter  noise exceeds quasi-minimum noise by 3 to 8 dB. Although this situation could
per h aps be tolerated, the technical objectives are far froni met.

SPURIOUS GENERAT ION

Limited measurenients (see Tests of the 6—30 MHz System)could not discriminate
between IM products generated in the URA-38 tuner and IM sources in the environment of
the antenna. No conclusion could be reached concerning possible IM generation in the
URA-38.

TESTS OF THE 6-30 MHz SYSTEM

Laboratory tests of tire 6—30 MHz systeirr were made to confirm t h e  expected diff i-
cult ic s surrounding broadband transmitt er noise and transmitter-gener ated IM products.
Transmitter noise levels were t lr ei i calibrated by a separate measure ment.

24



~.UJWfl~~~j i W1J , i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

COUPLER ISOLAT ION MEASUREMENTS

Coupling of broad baird noise f ’rom the URT-23 trans irri t ter , th r rougit the U R A-3 8
whip tuner  amid associated antenna , to a second wh ip ante irna 35 feet away was itre a sured by
using the test configura tion of figut re 13. The variable attenuator was adjusted for a 3 dB
iircrease in receiver noise when tire transmrritter was keyed with a two-tone test signal.

35-FOOT 35-FOOTTWO-TONE WHIP A NT WHIP ANT
TEST S I G N A L

‘Jr 
3 S F E E T

URT-23 I
SER A 173 -~~ URA-38

IUSB MODE)

RE C~~VER j ATTEN U A T O R F ~~~~~~~~ F
OUTPUT
MET ER

Figure 13. Wh ip t u m rcr isol at i l , m r test conf igur at ion.

The results of these tests are shown in table  4 I’he tes ts  were nr ee ess ar i l~ p er lornred
ii ur mm rg radiation on assigned tre qu emrcies . and receive fre qur encie s ‘S¼ ere const rain ed h~ ti r e
lack of ’ a tuner  on the receive whi p. Measurennetr s wer e  l imited by the ai r ihi ent a tmospheric
noise level.

Tire few nr e asur enr ent s  which per ir t i t  a direct comparison w it lr  the measured trair s-
in r t t e r  noise confirm that the URA -38 provides no effective isolation func t io ,r .

INTERMODULA T ION PRODUCT ME ASUREMENTS

Beca use of t he l ac k of ’ isolation between simultaneously operating t rans mi t te rs , tr a nr s-
nn it t er -gen er ale d IM products niay be a dominan t  source of inter m odu l atio mr interf erenc e ,

(‘he test configuration of figu re 14 was used to generate tir e data shown in tabl e 5,
sis of these data (ref 3) indicates t i rat t h ird order IM products were in fact d o mrrin a te d

k tran sm it ter-g enerated lM. Unident i f ie d sources , either in tire environment of ’ the antenna
or in tire l :RA -3 8 . dominated f i f th  am rd sev emr th order products.
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Figure 14 , Internro dul at ion test configuration .

Table 5. Whip confi guration intermodulation measurements (xmtr 1 —5865 kHz , xmtr  2 -6835 k H z lf .

____________ 
IM Level 

______________

Equiv Rcvr lM Loss in IM IM Level
Rcvr Rcvr , Level Referred Rcv Available T/R Ref to
Freq, IM dB Over Rcvr, to A nt , Probe Sys, Power. IsIn. Xmn r .
kHz Order Rcvr Noise dBm dBm dB dBm , dB dBnr

7805 3rd 81 -46 -36 36 0 c4 + 15
4895 3rd 50 -77 -66 43 -23 62 -4
8775 5th 34 —93 —84 33 — 5 1  4 1 -43
3925 5th 19 —108 —96 47 -40 83 -13
9745 7t h 16 — I I I  —103 31 —7 1 44 -5’-)
2955 7th -2 — 12 9 —1 16 51 —65 100 - 16
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TRANSM ITT ER NOISE CALIBRATION

The test configuration of t’igure IS was used to generate tire mrieasured t r am r s m ni t t e r
noise , and the results are shown in table 6. These results were used to eomrrput e URA -38
isolation. The transmitter was used to provide a realistic test of rf d is t r ibut ion coir iponents:
transmitter testi nrg was not an objective of this work. It was noted , irowever . thra t  t ire
URT-23 transmitters used for this testing exlribited considerably less broa dband noise t i tan
those used for the 2 to 6 MHz testing. Possibl y the difference is in tire power sit pp l ies : tire
transmitters used for this test were powered by 60 Hz supplies , whereas the poorer noise
performance in the 2—6 MHz tests was obtained with units  powered by 400 Hz su pplies.
Transmitter testing should take these alternatives into account.

L URT 23 
____________ 

DUMMY LOAD 
____________ 

CU.1799

ATTE N U A T OR R E CE I V E R  ~~~~~~~~~ PUT

Figure I S .  Transnritter noise mr ie ,~surement con figurat ion.

Table 6. Transmitter noise calibration.

Xmtr
Xmt Rcv Rcv (‘V. 1 799 Dunimiry Noise . Xmt r
Freq , Freq , NF. Loss. (‘oup li mrg. dB over No isc ,
kHz kFlz dB dB dB Rcvr Noise dBnr

2300 2000 12 14 -30 6 -77
2300 2600 9 13 -30 I I  -76

5865 4985 12 10 —30 2 —85
5865 6745 12 10 —30 2 —~~~~

6835 5810 12 10 -30 6 -81
6835 7860 12 9 -30 2 —~~~~

9803 8333 13 9 —30 9
9803 I 2 ’~4 I l  8 —30 —6 —96

16 tOO I 3 685 12 8 —30 — I

16 100 18515 14 6 -30 13
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CONCLUSIONS

Tire 2—6 MHz baseline cotifiguration essentially nreets the technical objectives, which
would indicate a favorable op eratio n ral evaluation for (iris part of the configuration , Alt irou gh
broadba nrd transirri t ter  mro ise isolation niay be margi nral , depending omr the noise perfonnance of
the modified URT-23 t ra m r sm rri t ters  used in the Link 11 hf radio , it is extrenre ly u nl ikely
(probability less than 0. I~~) that this characteristic will degrade the operational performance
of the 2—6 MHz configu mration.

The 6—30 MHz configuration does not meet the technical objectives for transmitter
broadband iroise isolation. Depending on the transmitter  noise performance , this prob lenr
could he serious. This deficiency alone would be sufficient for rejection of the 6—30 M l lz
configuration if good alternatives existed.

Iii addition , tire lack of t r a mrsnr i t te r  isolation causes a well-documented prob lenr wit  hr
n i istu mning in the presence of in terfering transmissions , as well as a p otent ia l  source of IM
generation in the tr ans mriitter.

In view of the deficiencies of tire 6—30 MHz configuration , it is difficult  to r eLomniend
it:  butt there are presently no good alternatives.  Problems are inirerent iii the URA-38 whip
tuner as a transmitting system conrponent.

RECOMMENDATIONS

These reconimendations assutme the interim use of tire URA-38 whip tuner.  hunt only
um mitil a selective tuner can be acquired.

1. Adopt tire 2—6 MHz configu ration.
2. Plan a transition to a selective tuner to rep lace tire URA-38 tuners on all trans-

mitting whips on Link 11 equipped ships.
3. Ensure frequency management to avoid the generation of third order lM products

by transmitters that are operating sinnultaireouisly.

4. Check rf distribution installations for excessive IM generati on.
5. Minimize mistuning problems with the URA-38 tuner by switching tire coupler

control to manual after tune-up, recording the settings of coupler tuning elements for u se in
the silent tune method . a n d — i f  shipboard tests on a small ship indicate persist ent mi l is tuning
problems —considering insertion of a 3 dB pad during the tuning sequence.

6. Because modulation affect s noise lev els and because power supp ly opt ion s (60 or
400 Hz) may affect noise levels , inc l u de  broadband noise measurements in transmitter testing ,
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APPENDIX A: FUNCTIONS OF AN RF DI STRIBUTION SYSTEM

-
‘ COUPLING AND ISOLATION

- 

- Transmit Mode

(‘ouple (lie tramrsmr ’m itter  to tire transmitt in g amit enna for power tramrsf ’er

Couple the receiver to the t ran smit ter  f ’or monitoring

Isolate transmitters sharing t u e  samrie antenna and/ or provide addi t io m ra l
isolation between transmitters on dif f ’erent antetinas

Receive Mode

Coup le tire receiver to anten mra to achieve design conrpromriise between noise
fi gure and strong-signal pert ’ormance

Isolate receivers sharing an antenna

Isolate the receiver fro ir r unkeyed tramis m it ter  noise

Isolate the receiver froni simultaneo u sly operating trans irii t ters

Noise and Spurious Signal Isolation

Isolate transniitter broadbanid noise amid spurious signals

Minimize  spumrious sigmr ai generatiomi wi t i r i n  tir e rf distr ibution system

SWITCHING

Transmit-receive switching - ‘

Configuration switching

PROTECTION

Protect the receiver f ’rom damri aging signal levels

Protect tire t ran sir r i t t e r  f ’rom datiiage

Protect the rf distribution systetri f’roni damr i ag ing signal levels
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TUNING

Provide means (controls and indicators , or automation) for tuning rf
distribution conrponents

Provide a dummy load for transmitter tuning

PERFORMANCE MONITORING AND FAULT ISOLATION

1’ 
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