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1.   Introduction

i.1.           The   E   5002   exciter   is   designed   for   use   in   conjunction  with   the    T5000,   T5001  or
T   5002   transmitter   power   amplif ier   and   the   P   5000   (I)C)   or  P   5001    (AC)
power   packs.   It   can   also   be   used   in   conjunction  with  other   t:rang-
nit.ter   pover  amplif iers   and  power  packs  where  the  necessary  inter-
face   is   available.

The  exciter   is   f ully  synthesized   for  operaticm   in  the   fl.equency
range   400   kHz   to   29.9999  MHz   in   loo   Hz   steps   and  contains   a  memory
for  up   to   32  discrete  channels  which  can  be   freely  distributed  over
the   entire   frequenc.y   range.

The   exciter   is   designed   for   transmitting  of   F1,   A1,   A2H  and  upper
sideband  A3H,   A3J  and  A3A  signals   (optionally  upper   and   louer   side-
band   A3H,   A3J   and   A3A   signals).

The   dimensions   match   a   standard   19-inch  rack  and   the   exc.iter   is   in-
tended   for   mounting   in   the   cabinet   with  the  T  5002   transmitter.   When
so  mounted,   the   exciter   and  transmitter   together  with  the  receiver
and   the   transmitter   pover   pack  constitute   the   TRP   5002   SSB   general
purpose   radiotelephone.

As   we   are   c.onstantly  processing  the   experience   gained  during   the
production   and   operation  of   our   equipment,   it   is   possible   for  minor
modif ications   to  occiir  relative   to   the   information  given   in  this
instruction  manual.   Wherever  practicable,   however,   any  corrections
will  be   listed  on  a  correction   sheet  at   the  back  of   the   front   cover
c;f   this   manual.

This  manual   describes   the   exciter   E  5002   in  conjunction  with  the
T  5002,   P   5000   or   P   5001   and   a  receiver  of   the   R  5000   series.
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2.   Operating Instructions

2.I.   Distress   0 eration   on   2182   kHz   (valid   for   TRP   5002  with  I   5000   only)

Set   controls   as   follows:

A      SUPPLY   to   TRANSMIT

E      BANI)   [o   2182   kHz

I)     VOLulfl   clockwise

E     SENSITIVITY   fully   clockwise

F      MODE   to   TRANSMIT   ALARM

G     Press   and   release   ALARM  START

The  alarm  signal   is  now  transmitted  for  approx.   45   seconds  and  nay  be
nonitored   in  the  handset   earpiece.   I.Then  the  alam  signal  ceases,   de-
press  handset  key  and,   speaking  clearly   into  microphone,   transmit
distress  message.

If   it   is  required  to  repeat  the  alarm  signal  transmission,   it   is  only
necessary   to   press   and   release   the  ALARM  START  push  button  again.

An  alarm  signal  tra.nsnission  nay  be  interrupted  at  any  t:ire  by  turning
the   MODE   Switch   to   A3H.

NOTE:    In   the   TRANSMIT  ALARM  mode   on   2182   kHz   the  power  output   of   the
transmitter   is  automatically  set   to  FULL  POWER  SlmLEX  independent
of   the   setting  of   the  POWER  switch.

2.2.   Tunin to   2182   kHz   (valid   for  TIE   5002  with  T  5000  only)

1.    Set   SUPPLY   switch   to   TRANSMIT.
30  seconds  after   switching  on  the  transnitt:er  is  ready  for  operation.

2.    Set   BAND   switch   to   2182   kHz.
The  band-indicator   lamp  will  show  constant  light   indicatiorig  that
2182  kHz   is   selected.   The  FREQUENCY  display  will   show  frequency  no.
zero   for   approx.    1   see.   followed  by   a  display  of   2182.0  kHz.

3.   Press  TUNE  button  and  adjust  TUNING  control  for  tnaximim  deflectioa
on   ANTENNA   CURRENT   meter.
The   tuning  range  on  2182  kHz   i§  reduced  8o  that  power  is  tran8-
mitted  even  when  the  TUNING  control   is  not  adjusted.

The  transmitter   i§  nou  ready  for  operation.

NOTE:   The   type  of   service  used  on  2182  kHz   i8  A3H,   giaplex.   This  nde
is   automatically   selected  when  the  BANI)  9.itch  iB  Set  to  2182  kHz.   and
the  roDE  switch .can  therefcire  be  set  co  any  po8itioa  except  TEST  Alan.
The  equipment  will  also  `york  in  the  sinplex  mode  evea  if  the  PORE  nit
is   in  a  I)UPI,EX  position.
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2.3.         Tunin to   a  Fre uency

1.    Set    SUPPLY   switch   to   TRANSMIT.
30  seconds  af ter  switching  on  the   transmitter   i§   ready   for
operation.

2.   Turn  I)IrmR  control   fully  clockwise.

3.   If   the  display  does  not   show  zero,   clear  display  using  C  key
of   keyboard.

4.   Select   the  desired  frequency  with  the  keyboard  or   look  up  the
desired  frequency   in  frequency  chart  and  read  frequency  No.   and
key  frequency  No.   into  keyboard.   If  a  frequency  No.   i8  chosen
it  will  be  displayed  fcir  approx.   I   see.   £olloued  by  display  of
the  actual  f requency.

5.   Set   BAND  switch  to  position  indicated  by  flashing  band   indicator
lamp.   If  no   flashing  occurs   the  BANI)  8uitch  is  already  correctly
Set.

6.   Press   TUNE  button  and  adjust  TUNING  control   for  maxinun  clef lection
on   ANTENNA   CURRENT   meter.

7.   Select   desired   type  of   service  with  col)E   and  POwER  Switches.

Transmitter  is  now  ready  for  operation.

2.4.          0 eratin Controls  and  their  Function

2.4.1.   The   SUPPLY   switch  has   four  positions:

OFF                           Receiver  and  transmitter  are   switched  off.

RECEIVE  ONLY       Power  Pack  is   Started  up  and  supplies  poser  to  re-
ceiver   (and  grid  bias  to  transmitter  output  valves)
Remote  speaker  of  receiver  is  connected  to  receiver
Olltput .

STAND   BY

TRJINSMIT

Power  Pack  supplies  power  to  receiver,  exciter,  band
indicator  and  filaments  of  transmitter  output  valves.
Remote  speaker  of  receiver  is  connected  to  receiver
Output .

Transmitter  can  be  keyed.   Retiro[e  speaker  of  receiver
is  disconnected.

NOTE:   A  built-in  delay  circuit  protects  the  output  valves  of  the
transmitter  from  being  keyed  for  the  first   30  9ec.   after  switching
from   OFF   or   RECEIVE   ONLY   to   STAND   BY   or   TRANSMIT.

2.4.2.   The   POWER   switch  has   six   positions:

LOW   PORER
SIITLEX

Transmitter  is  keyed  from  handset  key,  tror8e  key  or
telex  equipment  depending  on  node  of  operation.  Receiver
i8  muted  while  transDitt:ing.
Transmitter  can  be  driveti  to  approx.   I/20  £o  full  output
POUer .
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MEDIl"  POWER
SIMPLEX

FULL   POWER
SIMPLEX

FULL   POWER
DUPLEX

MEliluM  porn
DUI'LEX

LOW   PORER
I)UPLEX

As   above,   but   transmitter   can  be  driven   to   approx.
1/4   of   full   output:   pciwer.

As   above,   but   transmitter  can  be  driven  to   full   power.
Not   [o   be   used   for  Al   transni§sion  below  4  mz.

Tran§nitter   is  keyed  constantly   ill  the  F1,   A3A,   A3J
and  A3H  modes.   Receiver   is  on,   but  I)uilt-in   speaker
is  disconnected.
In  the  A2H  and  Al   modes   the  operation  is   sinplex
independe;t  of   the  setting  of   the  PORER  st7itch.
Transuitter  can  be  driven  to  full  output  power.
Not  to  be  used  for  Al   transrission  belou  4  rmz.

As   above.   but  transaitter  can  be  drivetl  to  approx.
1/4  of   full  output   power.

As  above,   but  transnitter  can  be  driven  to  approx.
1/20  of   full   output   power.

2.4.3.   The   MODE   switch  has   six  pogi[ions   (eight  on   E   5002   for  T  5000):

A2H

A1

Transmission  of  rodulated  radiotelegraphy.  Only  the
norse  key   input   is  open.

Transmission  of  unrodulated  radiotelegraphy.   Only  the
norse  key  input   is  open   (Reduce  poker  to  nediun  or  low
power   for  f=equeficies  below  4  mz).

Transmission  of  telex.   Only  the  telex  inputs  are  open.

Transnissi.on  of  Single  sideband  signal  With  reduced
carrier.   The  tran§nitter  can  t)e  keyed  fron  the  handset
key  or  6y   setting   the  POvER  switch  to  DUPI.EX.

As  above,  but  carrier  Suppressed.

As  above,  but  full  carrier.

(TEST  A~)        The  built-in  tva  totie  alam  generator  is  cotmected  to
the  receiver  AF  anplifier.   Tran§nitter  carmot  be  keyed.

(TENSHIT  AI,ARM)The  tuo-tone  alam  generator   i8  connected  to  the  re-
ceiver  AF  anplifier  and  the  alam  generator  i8  .eady
for  [ransDi.ssion  of  an  alam  signal.   The  rode   is  A3tl
as  above.

NOTE:   Using  preprogramed  frequencies,  note  Chat  the  frequeney  tnight
be  programed  A3H-sinplex,  and  this  i§  overriding  the  roun  and  roDE
§ui[ch  setting.

2.4.4.   The  keyboard  is  uged  for   frequency  selection.

The  key  narked#    is  used  for  choosing  between  direcc  or  progrrmed
frequency  Selection.
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When  the   key   is   in   its   c>uter   position,   free   frequency   selection
mode   is   selected.   The   frequency   is   keyed-in  on  the  keyboard  and
the   frequency   is   shown  on   the  display.   When   the  key   is   in   its   in-
ner  position  the  preprogralmed  frequency  mode   is   selected.   The
programed  frequencies  are   listed   in  the  frequency  chart:.  Each  fre-
queney   is   suppli.ed  with  a  number  which  is   keyed   into   the  keyboard.
The  keyed-in   frequency  number   is   shotm  in  the  display  with  a  "no."
sign   in  front   for   approx.    1   see.   after  which  the  actual  frequency
is  displayed.   If   a.  frequency  number   is  cancelled  the  display  will
be  blanked  except   the  "10  mlz"  digit  and  the  "t   rmz"  digit.

2.4.5.   The  DIRER  controls   the  intensity  of  the  display.

2.4.6.   Ttie  LSB/USE   sui[ch   (optional)   selects   the   sideband  to  be   transmitted
(lower   sideband  or   iipper   sideband)   of   the  modes  A3H,   A3A  and  A3J.
In  the  modes  A1,   Fl   and  A2H  the  USB  position  E}±s±  always  be   selected.

2.4.7.   The   ALARM  START  push-button  on   E   5002   for   T   5000   i9  used   to   start
the  alarm  generator  af ter  the  MODE  switch  has  been  tuned  to  the
TRANSMIT  ALARM  position.   The  push-button   is  depressed   and  released
and  the   alarm  signal  will  be  transmitted  for  approx.   45  seconds.

The  push-button  is  also  used  for  starting  the  alam  generator  in
the   TEST  AIARM  position.

2.4.8.   The  TUNING  control   is  used  for   Cuning  the  antema  circuit   to  maxinun
antenna  current   indicated  on  the  ANTENNA  CURRENT  meter.

2.4.9.   The   BANI)   switcti   has   16   positiong.

2.4.10.   A  band   indicator   lamp  at  each  position   shows  by  flashing  light  where
to   set   the  BAND  switch  in  accordance  with  the  frequency  Selected.
The   light  wi.11   extinguish  when  the  BAND  Switch  is   set  at  the  correct
position.

2.4.11.   The   2182  kHz   position  on  the   BAND  switch  on  I  5000   Selects   frequency
no.   zero  on  the  Exciter   (normally  programed  2182.0  kHz   Sinplex  A3H
overriding  the  select:ed  frequency  and  mode  on  the  Excited.  The  band
indicator  lanp   shows  constant   light   indicating  that  2182  kHz  is
selected.   The  range  of  the  TUNING  control   is  reduced.

2.4.12.   The  TUNE  push-button   is  used  when  tuning  the  anterma  circuit.   The
trar`smi[ter  is  keyed  and  a  tune  signal  is  generated.  I)uring  tuning
the  receiver  is  muted.

2.4.13.   The   CHECK  SWITCH   is  nomally   inopera[i.ve.   Pulling  the   switch  knob
out  will   switch  the  ANTENNA  CURRENT  meter   to  read   the  voltage  or
current  selected  with  the  Switch.   when  released  the  knob  will  recum
Co   its  ori.ginal  position.
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3.   Installation

3.1.          Prograrming  of   the  Memories  on   EE   General

3.1.I.     The  building  block  of   the  memory,located  on  printed  circuit   board

::I:be4in.

j`,i .i is   the   Programable  Read  Only  Metnory,   in  short  PROM.

A  PROM  is  not   reprograrmable  because  programing  a  bit  position   is
like  blowing  a  fuse.

3.I.2.     On  printed  circuit  board   E   8  PRons  can  be  mounted  in  separate
sockets.   Five  PRorts   are  used  for  band  information  and  tbree  PROMs
are  used  for  storing  frequency  infornatioTi.

3.1.3.      The   prograrming  of   the   PROMs   can  be   done   in   two  ways.

The  optional  Programing  Unit  4±±  can  be  used  for  this  job  as
de§cr-ibed   in  paragraph  3.3.   But  only  the  six  TI-types   shorn
table   3.1.1.   Lan  be  brogramed  by  means  of  printed  circuit  board  C2£|

The  other  way  is  to   let  the   local  PROM-distributor  do  the  programing
In   this   case   all   the  PROM-types   shown   in  table   3.1.1.   can  be   used.

ManufacturerI Types

I

INTERSIL IM   5600

INTERSIL IM   5610

SIGNETICS N   82   S   23

SIGNETICS N   82    S    123I

II

Onl.y   these   PROM-type81
lTITI I               SN   54188(SN54188   A

can  be  programed  by

=roang:agi::e=!:i2fe.II
I::

SN   54S188SN74188

SN   74188   A

SN   74S188

3.1.4.

Table   3.1.I.

The  Band  lnforTnation  Memory  controls   the  Band  Indicator  of   the  Trans-
mitter  Potter  Amplif ier.

Each  position  of  the  transmitter  power  anplif ier  BANI}  switch  Can  be
adju§Ced  to  any  frequency,  but  ohce  adjusted  tbe  freq`iency  coverage
of  each  band  is  limited.
In  order  to  obtain  a  reascmable  output  power  the  ratio  bettJeen  the
bighest  and  love.st  frequeticy  withia  a  baad  of  the  I  5002  .hould  tlot
exceed  approx.   1:1.2.
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The   table   3.1.2.   suggest   a   subdivision  of   the   frequency  range
1.6  rmz   -30  rmz   for   the   I   5002.

Transmitting
frequency   (rmz)

1.6   -1.9

1.9   -2.3

2.3   -2.8

2.8   -   3.4

3.4   -4.0

4.0  -4.8

4.8  -5.8

5.8   -7.0

Transmitting
frequency   (rmz)

7.0-8.4

8.4   -   10.0

10.0   -   12.0

12.0   -14.4

14.4   -    16.9

16.9   -20.3

20.3  -25.0

25.0  -30.0

Table   3.1.2.

The  band  decoding  memory  runs   in   steps  of   100  kHz.

NOTE:   Then  the   exciter  E  5002   is  used  on  frequeocies  below   1600.0  kHz,
the  PRon  303  IC16  mst  be  chaaged  according  to  paragrapb  3.2.13.

3.1.5.   Information  on  the  transmitting  frequency  of  every  frequency  No.   is
Stored  in  the  frequency  memory.   It   i9  posgible  to  store  two  more  bits
of   infomation  on  each  frequency  No. ;  one  is  determined  for  tran8mi9-
sion  of  node  A3H-simplex  irrespective  of  the  node  Selected  by  tbe
POwER  and  roDE  switches   (e.g.   distress  frequency) ,   the  other  for
auxiliary  purpose  via  the  remote  control  interface   {e.g.   cbange  of
bean  direction) .

3.1.6.   Programing  frequency  No.   zero  can  be  done   in  tuo  uays.

If  it  is  convenient  that  this  frequency  No.  contains  the  infomation
associat:ed  with  an  often  used  transmitting  frequency.
On  the  other  hand,   if  it  is  not  desired  to  store  afly  transmitting  Ire-
quet`cy  information  associated  with  frequency  No.   zero,   this  can  be  done
by  programing  the  frequency  00000.0  kHz  into  ttie  nemry  at  frequency
No.   zero.

When  the  exciter  is  used  in  conjunction  with  the  I  5000  transmitter
pover  anplifier  the  frequency  No.   zero  i9  selected  when  the  band  Switch
on  I  5000   is  set  in  the  2182  position.
The  programing  instructiotis  for  frequeacy  No.   zero  do  oat  differ  fron
the  instructions  concerning  any  other  frequency  No.

3.1.7.   The  easiest  method  of  checkiag  the  progr-ed  frequencies  and  band  in-
formtion  when  the  PROMs  have  been  munted  in  their  aocketg  i8  to  Coo-
neat  a  frequency  counter  to  the  output  BNC  8ocbet.  301SR5.  of  the  ep
citer.  The  output  socket  is  the  oae  carrying  no  colour  code.  It  i.
nomally  comected  to  the  trananitter  pouer  axplifier  vi.  a co.a[i.1
cable.  -  Unplug  the  cable  and  comect  the  counter  to  this  .octet.
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The   check   is  made  witb   the   SUPPLY   switch   in   STAND  BY.   The   frequen-

:: :::a:I:du::e t::a t;:;::i : t;::e:;:q:::C:;n:tin:::a::I i:a=:S::e:he
Cransmicter  power  amplifier.

3.2.           Orderin famed  PROus

3.2.I.     To  make   it  possible  for   the   local  PROM-distributor  to  do  the  pro-
graming  the  custotrer  Dust  fill  in  a  Word  Pattern  Sheet,   Supplied
by  the  distributor  for  each  PROM  to  be  programed.

3.2.2.     The  frequency   infomation  programed  in  t:he  frequency  memory  PROHs
is   the   cransmit[ing  frequency  in  BCO-code.

NOTE:   When  the  exciter  E  5002   is  used  on  frequencies  belou  1600.0
kHz   the  PROM  303   IC16  tnu8t  be  changed  according  to  paragraph  3.Z..13.

Observe  that  the  transmitting  frequeticy  fc  i8  the  carrier  frequency

::a:h=e:a:::q#::y?1;r£::e¥:b::dt#H:e::e:h:r::=ncd;:i::etES
output  f ron  the  telex  equipment  is   1500  Hz.   If  the  AF  center  ire-
quency   if   1700  Hz,   subtract  200  Hz  from  the  assigned  frequency  to
Obtain  f t.

3.2.3.     The   iaput  address  of  the  PROus  corresponds  directly  Co  the  frequeacy
No,

3.2.4.     Each  of  the  five  least  Significant  digits  of  the  transnitcitlg  ire-
quency   ("lrmz",   .'100  kHz",   "10  kHz".   I  kH2"  and   ''100  Ez")   ia  encoded
as   follows:

Table   3.2.1.
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3.2.5. The  most   signif icant  digit  of   the  transmitting  frequericy   ("10  rmz")
is   encoded   as   follows:

Number Code

0 00

1 01

2 10

Table   3.2.2.

3.2.6.     If  the  trangmisgion  of  the  frequency  No.   concerned  mist  always  be
A3H  8iaplex  irrespective  of  the  roDE  selected  by  the  POwER  and  MODE
stJitches  the  MODE-bit  "9t  be  programed  "0''.  Othervi8e  programe
the  MODE-bit   "1".

3.2.7.     If  it  is  degired  co  use  the  auxiliary  infornatioti  on  the  remote  cob-
trol   interface  Socket  pia  28a   (301-Ski-28a)   this  is  programed  accord-
ing  to  its  use.

3.2.8.     A  selfadhesive  sticker  mrked  A,   a  and  C  I.e9pectively  should  be  placed
on  the  package  of  each  PrIH  indicating  ia  tihich  9ceLet  it  i®  to  be
IIIounted.

The  Word  Pattern  Sheet.on  page  3-16   is  ac  your  digposal.

3.2.9.      Example   i:

Agsune  that  the  frequency  14170.0  kllz  is  to  be  programed  at  frequeacy
No,    13.

According  to  paragrapb  3.2.3.   the  iaput  address  i8   "13"                         (I)

:::  :::::i::::r¥[P,it  ig  set  accordiag  to  paragraph  3.2J.  t°                  (2)

:::a::::h8:::::i°:oof,[ipDE  tbe  roDE-bit  i8  Set  according  to              (3)

By  use  of   table   3.Z.2.   dad  table  3.2.1.   the  a88ociated  codes  Can  be
found:

Digit
„10  rm"
I,1  m„

„100  kHz"

',10  kHz"

„1  kHz"

„100  Ee"

3-4

Code

01

0100

0001

0111

0000

0000



The   total   amourit   of   information   is  now  to  be   arranged:

(1)             (2)(3)             (4)             (5)                         (6)                      (7)                   (8)                      (9)             I
InputAddress Aux,bit Modebit T             ttin    frequency

10rmz 1rmz 100kHz 10kHz 1kHz |00Mz

01110302010o 0000 00000000
13 1 1 01 0100 0001

07 06 0504 0302010o 07fJFr.05fJ4 o7fJfrfJ5f,fJt+ 3210

Prom-C ProtrB ProITA

Example   2:

A§sume  that  the  naritine  radiotelephone  call  and  distress  frequency
2182.0  kHz   is   to  be  prograuned  at  frequency  No.   2  and  the  omidirec-
tional  antenna  must  be   selected.   on  2182,0  kllz   the  type  o£   Service
used  is  A3H-sinplex.   Let  us   say  that  the  ormidirectional  antenna
is  selected  by  a  "0"  on  the  auxiliary  pin  of  the  renote  control  inter-
face,

From  paragraph   3.2.3.   ve  have   the   input   address   "2"
According  to  paragraph  3.2.7.   the  aux.   bit   is   set   to   "0"
According  to  paragraph  3.2.6.   the  HODE  bit   is   Set   to   "0"

By  use  of   table  3.2.2.   and  table  3.2.1.   the  associated  codes  can  be
f ound :

Digit

„10  rmz"

„1  rm„
„100   kHz"

„10   kHz„

"1   kHz"

„100   Hz''

Code

00

0010

0001

1000

0010

0000

The  total  amoiint  of   infomation  is  now  to  be  arranged:

(4)

(5)

(6)

(7)

(8)

(9)

(1)             (2)       (3)          (4)                (5)                     (6)                     {7)                     `b)                  \>/

InputAddress Aux,bit Modebit TransmittinE  freauencv
10mz 1rmz 100"z 10REz |kHz 100Mz00000000

2 0 d 00 0010 0001 1000 0010

07 06 0504 0302010o
_07fJ60ifJb 0TfJ2f,fJT°o °7fJGnFf,fJ,+ 3210

ProITC Prom-a PronA
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3.2.10.   The   information   in   the   five  band  decoding  memory  PROMs   is   stores
as   follciws:

Frequency inRE PROM

(both  included)

0- 6.3

IIC9

6.4- 12.7 IC8

12.8   - 19.1 IC7

19.2   - 25.5 IC6

25.6  - 31.9 IC5

Table   3.2.3.

Each  input  address  covers  ZOO  kllz.   The  four  most  significant  bits
cover  the  f irst   100  kllz  and  the  four  least  Significant  bits  cover
the  next   100  kHz.   In  this  way  the  bands  can  be  changed  every   loo  kHz.

The  band   inform.ation  codes   for  T  5000/I  5001/I  5002  are:

Band   in Code                    Band   in
T   5001/T   5002

I

T  5000

K 1111 Not  to  be  used

L 0000 A

M 0001 8

N 0010 C

0 0011 D

P 0100 E

Q 0101 F

R 0110 a
S 0111 H

T '000 4rm
U loot 6tmz

V 1010 8m
W 1011 12RE

X 1'00 16m
Y „01 22rm
Z 1110 25RE

Table  3.2.4.
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From  the   function   cables   shoving   the   st:andard   programing   for
303   IC5   -1C9   on   pages   7-11  to   7-15  the   input   addresses   and   ire-
quency   coverage   can  be   seen.

The  word  pattern   sheet   on  page   3-17   is   at  your   disposal.

3.2.11.   On   the  package   of   each  PRon  a   selfadhesive   sticker   should  be  placed
indicating  in  which  scicket   it   is   [o  be  mounted.   The   stickers  are
narked   0-6.3,   6.4-12.7,12.8-19.1,19.2-25.S   and   25.6-31.9   correspond-
ing  to  IC  9   to  5   respectively.

3.2.12.    Example:

Assume   that   the   frequency   range   fron  1600.0  kHz   to   1899.9   kHz   is   to
be  prograrmed  for  operation  in  band  W  of   the  T  5002.

From  the   table   3.2.4.   the   code   for  band  W  is   read:   "1011".

From  the   f unction  table  for  303  IC9  on  page  7-11  we  have  the  addresses
to   be   changed:

1600.0   kllz   -1699.9  kHz                 address   8      (lou  order  byte)
1700.0  kHz  -1799.9   kHz                 address   8      (high  order  byte)
1800.0   kHz   -1899.9   kHz                  address   9      (low  order  byte).

The  PRon  must  be  programied  as   shorn  below:

3.2.13.   When   transmitting  on  frequencies  below  1600.0  kHz  the  keyline  in  the
exciter  must  be  enabled.   This   is  done  by  changing  the  band  decoder
PROM  303   IC16   labelled   382   239   7     into   a  PROu  labelled   382   239   8   .
The  difference  betueen   the  two  PROus   is   the  07  bit   in  address  0.   The
function  tables   are  shown  on  page   7-16  and  page  7-17.

3.2.14.   when  the  PROMs  are   co  be   installed  in  the  I)i§play  and  Keyboard   EE
make  sure  that  they  are  mounted  correctly.
The   three   f requency  memory  PROMs  are  mounted  on  the  back  of   the  I)i8play
and  Keyboard     303     in  the   sockets  marked  A,   8  and  C.   PRon  A  i8  rounced
in  the  socket  mrked  with  an  A,   PROM  8  in  socket  a  and  PROu  C  in  socket
C.

The   f ive  band  decoder  memory  PROMs  are  mounted   in  ttieir  appropriate
§ockec§   .   The  PRon  marked  0-6.3   in  the  socket  marked  0-6.3,   the  PROu
6.3-12.7   in   the   socket   6.3-12.7   etc.

The  top  mrk  of   the  PROM  package   is   to  be  uppemost  when  the  Display
and  Keyboard  is  mounted  in  its  aomal  position.

The  band  decoder  PROM  is   soldered  onto  t:he  front  of   the  I)i8play  and
Keyboard   EE .   This  is  due  co  the  fact  that  the  PRon  is  u8unlly  only
changed  when  the  exciter  is   installed  in  coaj`mction  with  a  tran®nitter.
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3.3.

3.  3.I.

3.3.2.

3. 3. 3.

3.3.4.

Instruction   for  Use   of   Pro ramming when  used   in   E   5002

A  minor  disadvantage   associated  with  the  use   of   the   PROu  as   the  memo-
ry  building  block   is   that   a  few  per   cent   of   the  PROMs   cannot   be   pro-
gramed   in  one  or  more  bit  positions   due   to  tolerance  problems   in
the  qranufacturing  process.   In   this   case   the   sections   3.3.14  and   3.3.31
describe  what   to   do.

As  a  PROM  is  not   reprogranunble   the  greatest  care  should  be   taken
concert)ing  the  programing  procedure.

5TR%in#:N:W3N¥:yifec::::1:::::a::n:e:::n;r::u:::ys=rj;aokh:
the  hard  way  and  the  easy  method.

If  you  do  not  have  a  Programing  Slide-rule  342  244  31  at  your  dispo-
sal  you  must   go  the  hard  way  described  below.

Calculate  the  codes  for  the  frequency  information  Co  be  scored  in  the
frequency  memory  PROMs   according  co   the   tables   3.3.1.   and  3.3.2.    (see
paragraph   3.2.2.)

Desired  frequency  in  rmz             Code  for  slider  in     4±A
("io  mz",   "1  rmz") Band Mode                      mlz

0 4rmz RT 5
I 4rmz RT 4
2 4rmz RT 3
3 4rmz RT -
4 4rmz VT 5
5 4rmz WT 4
6 4rmz WT 3
7 4mz WT -
8 6rmz RT 5

9 6rmz RT 4
10 8rmz RT 5
11 8MHz RT 4
12 8mz RT 3
13 8mz RT -
14 8rmz WT 5
15 8mz rm 4
16 8rmz WT 3
17 8rmz ur -
18 12m RT 5
19 12  rmz RT 4
20 16mz RT 5
21 16mz RT 4
22 16   rmz RT 3
23 16mz RT -
24 16rm ur 5
25 16mz WT 4
26 16mz rm 3
27 16   MHz WT -
28 22mz RT 5
29 22RE RT4

table  3.3.I.   Calculaciag  Codes  for  the  tro  m2
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_-i.
Desired   f requency
"loo   kHz",    "10   kHz",    "I   kHz",
"loo   Hz"

Code   f or   sliders   Qn
"loo   kHz",    "10   kHz",    "1   kHz",
"loo   Hz"

Table   3.3.2.   Codes   for   calci]1ating   the   fc>ur  kHz  digits   and  the
loo  Hz   digit.

333356;I:;;t;;;:t¥::::i;ist!s::;:¥e±;:::g:§a:ii:;g;:::.:Sg#;;ri:;:::a:e

i:a¥::r:g:ifed:;en::::I::a:h:h:r:::¥=:::tu::t°£ifee::::I::::ht:an
table   3.1.I.

by  means   of   the   ON-OFF^swi[chA are  adjusted  as  obtained
3.3.7.       Switchon A
3.3.8.      The   sliders   on   the  programi.ng  unit).3.8.      The   Sllders   0n   [Iic   pi.|i5i.cm,H.+„o   --.__    .__

from  paragraph   3.3.4.   or   paragraph   3.3.5.   In   the  other  window  some
hc)1es   appear,   and  these  are   the  positions  which  must  be  programed.

3.3.9.      By  means   of   the  keyboard  on  the   frontpanel   the  Frequency   No.   iJhich

::n::::sE::::a::d[;:::::::::;E::::iib:::;nb'e*:1::::y::i:r±t§
approx.   one   second  af ter  being  keyed-in

3.3.10.   The   Prograrming  Pin   is  now  placed   in  the   extretne  right  hole   i.n  the
window.   The   laap   of   the  red  pushbutton  will   light  as   long  as  the
progratming  pin  does  not  have  proper  contact  with  the  underlying
socket-terminal  or  if   this  hole  position  has  already  been  programed.

3.3.11.   Now  activate   the   red   pusht>ucton.

3.3.12.   If   the   prograrming  was   successful,   the   lamp   of   the   red   pushbutton  Will
light   and  the  -pin   is  moved  to   the  next  hole.

3+„   If   the  programing  was  unsuccessful,   the  red  pushbutton  Dust
be  activated  repeatedly  uiitil  the  lamp   is  lit.

3.3.14.   If   it   turns  out   that   it   is   inpossi.ble   to  program  this  hole  position,
the  only   thing  to  do  is   to  cancel  the  frequency  No.   and  then  choose
anottier  frequency  No.   and  start  programing  all  over  again.
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:::tcafi[L::gf::1::::  by  Setting  the  sliders  on  the  prograrming
"BAND"   =   A,       "MODE"   =   RT   and   "kHz"   =   4111.1   and   programlning   the   holes

in   the  window  as  perparagraph   3.3.10   to   3.3.13.   Then   the   slider§   are
set    [c>:    ''BAro"   =   A,    "MODE"   =   RT   and   "kHz"   =   5222.2   and   the   holes    in
the   window   are   prcigrarrmed.

When   a   frequency   No.    installed   in   t:he   frequency  memory   is   cancelled
the  display  will  blank  all   the  digits   except   the   "10  rmz"  digit  and
the   "1  rmz"   digit  when   the  display  af ter  approx.   one   second  of   display-
ing  frequency  No.   switches  over  to  displaying  the   selected  frequency.

3.3.15.   If   the   transmission  on   the   frequency  No.   concerned  must   always   be
A3H-simplex   irrespective   o£   the   mode   selected  by   the   POWER  and  MODE
switches,   do  not  programe   the  extreme   left  hole   in  the  window.

3.3.16.   If   it   is   desired  to   use  the   auxiliary   information  on  the  remote  control
interface   socket   pin   28a   (30l-SKI-28a)   thi.s   is  prograrmed   to   logic   one
by  prograrming  the  hole  "Enabling  of  a  correctly  programed  frequency
No.".   Otherwise   the   auxiliary   inforT[iation  will  be   a   logic   zerch   The
prograrmiing   is   to   be   done   after  programming  of   the   frequericy   informa-
Cion   into   the   PROMs.

3.3.17.   Concerning   the   programing  of   frequency   No.   zero   some   considerations
are   [o   be   made,   refer   to   paragraph   3.1.6.

3.3.18.   When   the   programming  of   the   frequency   Nos  has  been  acconpli§hed  the  Pro-

:::in:i:gsun::d£:h:u::::e°5i6M:h:I:I:g::T::gt£:nDi:p!:;C::d£±e;::a::[dEa
Take  care   that   the   PROMs   are  mounted   in   the   correct  way   and   in   the   c:or-
rect   sockets.

3.3.19.   Prograrming   procedure   step   by   step.

1.   By  means   of   the   prograrming   slide-rule   342   244   31   the   codes   for   the
programing  unit   4±A   are  found  for  each  frequency  No.   to  be  pro-

2.   :::=e:;ree  pROMs  in  the  sockets  on  A   (take  care  that  they  are  Cor-
rectly  positioned) .

3.   Turn  on   the  programing  unit.

4.   Adjust   the   seven  sliders   according   to   step   1.

5.   Select   by  means   of   the  keyboard   the   frequency  No.   to   be  progranmed.

6.   Place   the  programing  pin   in  one  of   the  holes   in  the  window  of   the
tool,   beginning  from  the  right.
If   this  hole  is  unprogramed   the   lamp   in  the  red  pushbutton  will
extinguish.

7.   Activate   the  red  pushbutton.
The   lamp  of  the  red  pushbutton  will  now  light  if   the  programing  was
succes sful .
As   long  as   there  are  unprogramed  hole  positions   the   steps   6  and   7
are  repeated.
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8.   The   extreme   left   hole   is   left   unprogramed   if   it   i§   desired   that
the   frequency   must   be   prograrrmed   A3H-simplex.

9.   If   the   auxiliary  bit   is   to   be  programmed   insert   the   pin   in   the
"Enable"   hole   position   in   the  middle   of   the  prograrming   tool   and

program  this   hole  position.   This   should   f inally  be  done  before
changing   to   a   new  I-requency  No.

10.   If   there  are  more   frequency  Mos   to   program    revert    to   step   4,
otherwise   co   step   12.

11.   If   there   is  a  hole  position  which  cannot  be  programed,   cancel   the
frequency  No.   and   start   from  step   6.    (refer   to   paragraph   3.3.14.).

12.   Turn  off   the  prograrming  unit.

13.   Place   the   prograrrming   pin   in   its   hc}1dirig  clips.

14.   Place  a   selfadhesive   sticker  cin   the  package  of   each  PROM  indicating
in  which   socket   (A,   a  or  C)   it   is   to  be  mounted  on  Display  and  Key-
board  E .

15.   Move   the  three  PROMs   to   EE  .    (Take  care   that   they  are  mounted   in
the  correct  way  and   in   the  correct   sockets).

3.3.20.  :::gb:::tdediera:e:::¥r:g:ilsb:;:w?rogramed  by  means  of  the  prograu-

3.3.21.   Obtain   t:he   PROM  number,    the   addresses   and   the   band   infomatictn  Codes
as   described   in  paragraph   3.2.10   and   paragraph   3.2.12.

3.3. 22.  ::a:::::e3:::3T°::ds:a:i:::::ts::::f!:::t(:i:e:6ti:3' (g::  8:}  3:;a:::::a-

ing   to   table   3.3.4.

The   "x"   in   the   "Et{'colunn  of   table   3.3.3.   means   that   the  hole  position
marked   "Ettabling  of   a   correctly  progratimed   frequency  No."   is   to  be  pro-
gra-ed.
The   prograrming  work  sheet   on  page   3-17   is   at   your  disi)osal.

3.3.23.    In   the   sctcket   C   on   the   prograrrming   unit 4,,i
::::: t::. t::ep::::a=::gb:n::  tdity::c::i::g

3.3.24.    Switch   on
.L`'.\.

an  unprogramed  PROM  i§
can  be  prograrmed  by
to   table  3.1.1.

41\   by  means   of   the   ON-OFF   switch.

3.3.25.   The  gliders  on  the  programing  unit   4L   are  adjusted  according  to
paragraph   3.3.22.

3.3.26.   By  means   of   the  keyboard  on   the   front  panel   the   input   address  which   is
Co   be  programed   is   Selected.
The  No.   button  "#"  must  be   in   its   irmer  position  and   the  input  address
will  only  be  displayed  approx.   one  second  af ter  being  keyed-in.

3.3.27.   The  prograrming  pin   i§   now  placed   in   the  right   in   the  window.   The   lanp
of   the  red  pushbutton  will   light  as  long  as   the  prograrming  pin  does
not  have  prclper  contact  with  the  underlying  socket-terminal  or  if  thi.s
hole  position  has  already  been  programed.
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Band   information   codes cc,des  for  4A

07 06 C)5 04 03            I                      "En„1
„8and"

0 0 0 0 00 A

0 0 0 0 10 a
0 0 0 1 00 C

0 0 0 1

:!8

D

0 0 1 0 E

0 0 1 0 10 F

0 0 1 1 00 G

0 0 1 1 10 H

0 I 0 0 010 4|Hz
0 I 0 0 1!0 6rmz
0 1 0 i o!o 8rmz
0 1 0 1 Ilo 12   rmz
0 1 1 0 010 16mz
0 1 I 0 10 22   rmz
0 I I I 00 25mz
0 1 I 1 Ilo MF

1 0 0 0 Ox A

1 0 0 0 1x 8
1 0 0 I Ox C

I 0 0 I 1x D

1 0 I 0 Ox E

I 0 1 0 1lx F

i 0 1 1 Ox G

I 0 i 1 |x H

1 1 0 0 i..... 4rmz
1 I 0 0 1x 6rmz
1 I 0 1

!1:
8rmz

i 1 0 1 12   rmz              I

1 1 i 0 Ox 16   rmz

1 1 1 0 1lx 22   rmz
1 1 1 1 o'x 25  rmz
1I I 1 1 1ix IT

Table   3.3.3.

Band   infor- codes  for  4d                     ,           „
mation   codes02010o „MODE„ „1  rmz„ „100   kllz" ',10   kHz" "1   kHz" loo   Hz

0 0
I0

RT 5 9 9 9 9

00 0 1 RT 4 9 9 9 9

1 0 RT 3 9 9 9 9

0 1 I RT - 9 9 9 9

I 0 0 VI 5 9 9 9 9

:1 0 1 WT 4 9 9 9 9

1 1 0 ur 3 9 9 9 9

il
1 1 WT - 9 9 9 9

Table   3.3.4.
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3.3.28.   Now  activate   the   red   pushbutton.

3.3.29.    If   the   programming  was   successful   the   lamp   of   the   red   pushbuttorL
will   light   and   the   pin   is  moved   Co   the  next   hole.

3.3.30.   If   the  programiing  was
be  activated  repeatedly  until  the  laap  is  lit.

3.3.31.   If   it   turns  out   that   it   is   impossible   to  program  this  hole  position,
the  only  thing   to  do   is   to  replace   the  clef ective  PROM with  a  new  one
and  start  programing  all  over  again.

3.3.32.   If   the  "En"  colon:i  is  "x"   the  hole   in  the  middle  of   the  unit   narked
"Enabling  of  a  correctly  progranmed  frequency"  must  be  programed  too.

3.3.33.   Programing  procedure  step  by  step.

1.   Obtain  the  addresses  and  codes  as  described   in  paragraph  3.2.10.
and  paragraph  3.2.12.   filling   in  the  programing  work  sheet  on.page
3-17.

2.   Translate  by  means   of   table  3.3.3.   and   table   3.3.4.   the  codes   to
EA" -codes  on  the  programing  work  sheet.

3.   Mount  an  unprograrmed  PROM  in   the   §ocke[  C  of   the  prograrming  unit
44A.   (Take  care  that  it  is  correctly  positioned).

4.   Turn  on  the  programing  unit.

5.   Adjust   the  sliderg  according  to   the  programing  work  sheet.

6.   Select  by  means  of   the  keyboard   the   input  address   for   tbe  PROM.

7.   Place  the  prograrming  pin  in  one  of   the  holes   ill  the  window  of  the
tool,   begirming  from  the  right.

8.   Activate   the  red  pushbutcon.

The  lamp  of  the  red  pushbutton  will  now  light  if   the  programing
was   successful.

A§   long  as   there  are  unprograrmed  hole  positions   the  steps  7and  8
are  repeated.

If  all  hole  positions  in  the  uindow  are  programed  and  the  "Enable"
bit   is   to  be  prograrmed  go   to  step     9.   Otherwise   to   step  11.

If   the  lanp  of   the  red  pushbucton  does  not   light,   Step  8  is  repeat-
ed  until   it  lights.
If  there  is  a  hole  position  which  camot  be  programed.  go  to  Step
3  and  start  the  programing  all  over  again.

9.   Program  the  "Enable"  hole  position  in  the  middle  of   the  tool.
10.   If  there  al.e  mre  input  addresseg  to  be  prograned.    revert    to  Step

5.

11.   Turn  off   the  programing  unit.

12.   Place  the  prograning  pin  in  its  holding  clips.
13.   Place  a  selfadhesive  sticker  on  the  package  of  the  PRon  indicating

i: ::i:: ::C:::n!rd6;il t:;4;::;I:yl:i:-i:;:;a::.2Efii or 25.6-31.9)
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14.   Move   the  PROM  tog    (Take   care   that     it     is     mounted   in  the  car-
rect  way   and   the   correct   socket).

3.4.           Renoce   Control

3. 4.1.    :::=:::t:n::ntdi)I::e:i:::d::a:::  :0:e:::e(::::r::e:n:::f::: ::::d.

3.4.2.     The   remote  control   interface  socket  pemits    the  remote  control
of:

Digital   selection  of   the  32  preprograrmed  frequencies.

Digital   selection  of  transmission  node.

Digital   selectiori  of  operation  mode.

Digital  selection  of  pover   level   (full,  medium  or  low).

Tuo-tone  alarm  generator:   Test  and  start  functions.

Provision  for  transnissioa  of  a  constant   1300  Ez  tot`e   (10  see.   timer
not   included   in  E  5002)   af ter   cransnission  of  the  alam  signal  and/or
transni§sion  of   the  bavigational  warning  signal   (2200  Hz).

3.4.3.     The   remote  control   interface  board   is  customer   supply.   Nevertheless
an  example  of  a  remote  control  circuit  is  shorn  on  page  3-15.

3.4.4.     The  pciwer   from  the  E  5002   for  supplying  the   remte  coatrol   interface
board  nu§t  not   exceed:

20  rnA   from   the   15.7V   Supply
30  rnA  from  the     7.5V  supply  when   t:he   E  5002   is   supplied  from   the

P   5000  or  P   5001.
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4.   Technical Data
Modes   of   0 eration

I)uplex,   seniduplex   and   §implex  A3A,   A3H,   A3J   and   F1    (USE).
Option   for   LSB/USE
Seniduplex  and   simplex  Al   and  A2H.

P¥_er  OutJ2±

Al.   A2H,   A3A  and  A3J:   2-3.5V   pp   in   50   ohns   (adjustable)
F1:    1.6-2.7V   pp   in   50   ohms
Medium  pover:   -6   dB
Low   power:   -13   dB

i?_quency  RLeng

405   kHz   -29.9999   MHz
Semicontinuous   in   loo  Hz   steps.

Selection

a.   Direct   mode:
Keyboard  selection  with  fixed  decimal  point.

b.   Progr-ed  node:
Keyboard   clf   up   to   32   preprogramed   frequencies   (PROMs)
Frequency  No.   shorn  on  disp.lay  for  approx.   1   §ec.   after  selection
of  No.   Thereafter  display  of   frequency.
Mode   A3H/simplex  may  be   preprogramed.

c.   Remote   mode:
Selection  of   the   32  preprctgramed   frequencies   in  bi.nary  code  via
301 SK1  .

d.   I)istress   frequency:
When  the  exciter   is  used   in  conjunction  with  I  5000   the  band  switch
c:an  Select   frequency  No.   zero  which  should  be  preprogramed
2182.0   kHz   -A3H/sinplex.

Accurac and  Stabilit

Bi::ng:Ee:no::::::t::Cifeto:s(:::::::ed  to  3oi sK2) .
Accuracy:   Less   than   2   ppm/year.
Stability:   ±   5  Hz   in   any   t5  min.   period.

Unwanted Radiation:

Unwarited  Radiation 7.5  kHz  or  core  off   the  assigned  frequenc.y:   at   least
43   dB   (typical   50   dB)   below  the  p.e.p.   value.
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Frequeticy Linearit

I   1.5   dB   over   the   frequeTicy   range   405   kHz   -29.9999   rmz.

Modu 1 a I i on :

Modulation   characteristic  within   6   dB   from   350   Hz   to   2700   Hz.

AF   Compression:

Output  varies   less   t:hah  0.75  dB  for  a  variation  of   input   level  from
-10  dB  to   +10  dB  relative   to  nominal   input.

AF   Inputs:

Carbon   microphone:   ZOO   ohms   nominal   3V  pp   max.    9.5V   pp
Line   input:   600   ohms   nominal   0   dBm  niax.   +10   dBm.
Telex   i.nput:    600   ohms   nominal   0   dBm  max.    +10   dEm.

TwcrTone  Alarm:

Included   for  remote  control  only.

In t ermodu I at ion :

Better   than  -43  dB   (typical   -46   dB)   as   per   CCIR  specificati.on.

Noise   and   Hum  Level:

More   than   40   dB  below   full   power   p.e.p.

Remote  Control   Facilit for  Exciter:

Digital   selection  of   the   32  preprogranmed  frequencies.
I)igital   selection  of   transmission  mode.
Digital   selection  of  operation  node.
Digital   selection  of  pover   level   (full,  medium  or   low).
Two-tone  alarm  generator:   Test   and  start  functions.   Provision  for
transnission  of  a  constant   1300  Hz   tone   (10  §ec.   timer  not   included)

signal  and/or  transmission  of  the  navigational  waningaf ter   the  alarm
signal    (2200   Hz)

The   digital   and  other  remote  control   infomation  must  be   fed  via  301SK1

=:v:::ddig:t;:ifer::::r±:::in: i:?P;:¥ifeyn:; :::::d6:nu::: :::Ce
f ield  programing.

Supply   Vctltfigie_:

2.7A   typical    1.9A.
1.1A   typical   O.9A.

Environmental   Ccinditions :

Complies   with   CEPT   and  XPT   1204   (UK)   specifications.
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D imen s i o n s :

He ight :
Width:
Depth   into   rack:
We i ght :

132o5   rm

482m
333        rm
9.2        kg     approx.
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5.   Technical Description
5.1,          Mechanical

The  exciter  is  built  oti  a  rugged  zitlc  plated  and  passivated  iron

A'cAbiAffAfhth=a  -4iA--in:-:ie--5;a:as-i;  8:parate  screeT=EF  caT=5|z4A  Sad  rm
which  become  accessible  after  removal  of  the  respective  lids.   Board

chassis .

The  excicer  coutains  f ive  plug-in  boards

is  mounted  behind  the  front  panel.  This  board  and  the  rocher-
t=ld-EEbeconeacce88iblewheti-thefrotitpatieli8tiltedfon.ard.
This  is  possible  after  removal  of  the  two  upper  screws  ia  each  aide
fixing  the  front  panel.

EE

5.2.

5.3.

5.3.1.

Circuit  I)escri Gerieral

=::::::t:€i:::::its:a:::n=:i::::o:h:£h::Si:=::teife°ap::eatfi.

:ir::i::::;:n2fr,i=:::::%:::::::Lfi#:So:hi:4:*::=mL
For  cotlvenience  in  this  seccioti  and  on  the  circuit  diagran8  the
pref ix  is  omitted  except  where  Cbere  i8  a  risk  of  ambig`lity.

f=,:i:c:;::i:E:=o::dd[ffieda=:c:h::::e=go#:::ga:nb::::e:_the
printed  circuit  boards  of  which  the  exciter  is  coaposed  and  circuit
diagran9  of  the  individual  circuit  boards.  The  block  diagran8  on  pages
8-to  page  8-illustrates  the  operation  of  the  exciter.

circuit S- al  Path  E  5002

The  signal  path  i8  contained  on  boards
signal,  having  passed  an  input  9electorT=a-a  coap-ie8sor.   i8  converted
to  a  1.4  rmz  double  sideband  Signal  by  mixing  t`rith  a  1.4  mz  signal
derived  from  the  mster  ogcillator.  The  upper  8ideband  i8  remved  in
a  crystal  filter  and  the  louer  3ideband  is  applied  to  an  aplifier,
the  gala  of  which  i3  set  in  accordance  trith  the  aiode  selected.  At  tbe
output  a  1.4  mz  Signal  of  apprapriate  level  for  carrier  re-insertion

A  and RE .  The AF  input

is  applied  in  the  tDodes  A3A  and  A3H.

-.2.!:::;i::;f;i::;:;::e|¥eg::;l=::;:::::::;::t=e:::inan;::::::=EE.

I.4  mlz  lower  gideband  signal  i8  cotiverted  in  the  1.4  to  38  Hz  ai=er
to  a  38  rink  LSD  signal  by  nixing  uith  a  36.6  mz  8igml  from  the
36.6  mz  VCO.  The  Signal  is  filtered  in  a  crystal  I ilter  to  remve
undesired  mixing  prod`ict8.

Tbe  Signal  is  converted  to  a  0-30  mlz  upper  Bideband  Signal  in  the
38  to  0-30  mz  mixer  by  mixing  rich  the  38-68  mz  sigrLal  from  the  syTi-

::=;:::¥::i;rT=:in¥a:a.::e:h::e¥i::::e:h:n:i=:it:Sth±!!f¥d
Co  full  pover  level.  Before  the  Signal  i3  fed  Co  the  Cranonitcer  it
passes  the  step  atten`iator  controlled  froo  the  Pour  Bvitch.
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5.3.3.    ::a:h:h:I:o£:Hg:::I:¥:M:: £ mffis. t#e¥.:££:[o::i::::::ed

is  used  for  generating  the  carrier  frequencies   in  the  nrode§  Al  and
A2H.   A  1.5  kHz   shif I  comand  from  the  mode  control  circuit  "kes
the   syrlthesizer  decrease   its  outpiit   frequency  by  I.5  kHz   in  these
codes  which  tneans   chat  the  output  frequency  of  the  exciter  becomes
the  correct  tran8ni8sion  frequency.   The  2.2  kHz  oscillator  i`s   in  ed-
dition     used  for  gelieracing  the  sidetand  in  the  A2E  code  giving  a
"dulation  frequency  of   700  Hz.
The  keyline  output  fron  the  keying  circuit  to  the  pover  pack  infoms
the  HT  converter  to  Start  when  the  line  goes  high.   Houever,   this
is  inhibited  if  an  illegal  frequency  has  been  selected.

5.3.4.     The  1.4  mz  reference  frequency  is  normlly  supplied  from  the  aa8ter

:::::I:::r£:ft::ec:b!3::, I::::::I;a:::::::: [dihe£:e::::::bi: :::
mounting  in  tbe  exciter.

5.4.         Circuit  suma Ere nthesizer
This  frequency  synthesizer  consists  of  tuo  progratmble  phase  locked
loops   (loop   1  and  loop  2),   the  outputs  of  which  are  eoncrollins  a
third   (loop   3)   £ron  which  the  coaplete  quthesized  Signal  i8  derived
and  fed  to  the  lsc  mixer  in  the  8igral  path.
The  output  frequency  of  loop   I   is  coutrolled  by  the   100  Hz,   I  kHz,
and  10  kHz  infomation  according  to  the  coateats  of  the  displays,
provided  that   the  receiving  rode  chosen  is  not  A1.  A2H  or  F1.   If
the  A1,  A2H  or  Fl  rode  i8  chosen  the  output  frequency  is  decreased
by   1.5   kHz.

Loop  1  produces  an  output  frequency  ia  999  steps  from  20.000  "  to
21.998rmz   ia  all  rodeo  but  A1,   A2H  and  Fl.     In  the  A1.  A2E  and  Fl
nodes   it   i8  fton  19.970  rmh  to  21.960  mz.   This  frequency  is  divi-
ded  by  200  and  serves  as  a  varia61e  reference  frequency  for  the
Loop  Translator.

Indepefldeat  of  the  different  receiving  rode9  loop  2  i8  coatrolled
by  the  loo  kHz,   1  rmz.  and  10  mz  info"tion  according  to  the  con-
tents  of  the  displays.   The  output  frequency  of  this  loop  ia  variable
frotD  3.70  mz  Co  6.69  rm2   in  299  8tep8  and  is  fed  to  the  aixer  of
the  loop  translator  where  ic  is  subtracted  from  the  8yntheaizer  out-
put  f requency  divided  by  10  and  i inally  coapared  with  the  variable
reference  frequency  to  this  loop  by  means  o£  Phase/Freq.  Detector  3.
A  Frequency  Conparator  ensures  that  the  aynthesiger  output  frequeney
divided  6y  ten  ig  higher  than  the  output  frequency  o£  loop  2.   If  this
was  not  the  case,   it  could  lead  to  a  9cable,   unlocked  cotldition  of
loop   3.

The  frequeflcy  syathesizer  is  locked  to  a  I.4  rm2  8igaal  derived  tram
the  TCXO  9o  thac  the  output  frequelicy  uill  exhibit  emctly  the  sam
stability  as   specified  for  the  TCXO.
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Provided   that   the   3   loops   are   locked   the   following  equations,
where   fvcoi   is   short   for   output   frequency   of   VC0i,   will   become
valid:

Assumption:   Transmitting   frequency   is   (ab,   cde.I)   kHz.

(fvco3  -10)   -fvco2   I   (fvcoi  -200).

(fvco3   I   lox(fvco2   +   (fvcoL   -200))

whet.e

fvcoi   =   (20000   +   (d   e   I)x2)   kHz   and

fvco2   I   (3700   +   (a  b   c)xlo)   kHz   and

fvc:o3   =   38000.0   kHz   +   a   b   c   d   e   i     kHz.
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5.S.

5.5.1.

5.5.2.

5.5.3.

Circuit   Descri tion,    E   5002

r3an Motherboard

The  notherboard  coticain§   the   interconnection  be[veen  the  dif ferent
units  and  the  wiring.   The  motherbctard  also  contains   the  plugs   for  the
cabinet  uiring  and  the  voltage  regulators:   the   5V  regulator.   the   12V
regulator   supplying  the  output   anplif ier  on     302     and  the   12V  regulator
for  the  renaining  circuits.
On  the     301     notherboard  the   10  divider  for  the  VC03  loop  is   located.

1.4  rmz   Exciter

The  AF   input   signals   are   connected  t:o  the  compressor  through  an  in-
put  Selector.   The  microphone  and  line   inputs  are  open  only  if  the
terminals  4  and  8  are  both  HIGH.   The  telex  AF   input   is  open  only   if
terminal  8   is  LOW.   The  tone   input   is  altJays  open.

The   gain  of   the  compressor   is  controlled  by  means  of   the  f ield
e££ect   transistor  TR2,   which  functions  as  a  variable  enitter  resi-
stor  for  the   left  hand  transistor  in  IC1.   The  control  voltage  is
provided  by  a  rectif ier  consisting  of  the  pair  of  Icl  transistors
to  the  right,   which  detect  the  sideband  level  at  the  output  of  the
Crystal   filter  X1   (or  X2).   when  ceminal  4   ig  Low  the  compressor   is
off  as  the  resistance  of  TR2  is  kept  at  its  naximm  value.
The  compressed  audio   signal  and  a  I.4  MHz   signal  £rou  tbe  carrier
level  regulator  IC2  are   fed  to  the  balanced  mixer  IC3.   The  output
is  a   I.4  rmz  double  sideband  suppressed  carrier  sigrial  that   i§
fed  through  crystal  filter  X1   (or  X2)  which  removes   the  upper  side-
band   (or   the   lover  sideband)   and  suppresses   the  carrier  Still  £urt:her.
The  gain  of  the  aplif ier  stages  following  the  f ilter  i8  controlled
from  tertninals  13,   14  and  15  by  inserting  different  eaitter  resistors.
In  the  A3H-rode  all   terminals  are  tllen  and  the  gaiti  is  detemined  by
R76.   Carrier  re-insertion  is  perfomed  by  applyit.g  the  1.4  rmz  sig-
nal  I ron  the  carrier  level  regulat:or  to  TR7  via  an  attetiuator  con-
trolled  frotn  the  sane  terminals.
The  f ilter  §hif t   is  made  by  means  of  transistor  TR4  cotltrolled  by  tbe
optional  LSD/USE  switch  on  the  front  panel  or  the  remote  control  inter-
f ace ,

EE RE  Translator

The   1.4  rmz  single  sideband  signal  et`ters  the  RE  translator  through
a  1.4  rmz  filter.   The  load  resistance  of  the  filter  is  adjustable
and  can  be  set  individually  at  each  band  by  treans  of  variable  re-
sistors.   The  signal  is  converted  in  the  1.4  to  38  rmz  aixer  Icl  to  a
38  mz   signal  by  tnixing  the  signal  with  the  36.6  rmz  signal  from  the
36.6  REz  VCO.   After   removing  the  unwonted  mixing  products   in  a  38  mz
crystal  filter  the  Signal  is  fed  to  the  38  co  0-30  mz  mixer.
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The   38   to   0-30   rmz   mixer   302   IC7   is   a   double   balanced   passive   mixer
converting  the   signal   co  the   transmitting  frequency  by  mixing   i[
uith  the   injection  frequency   from  the  VC03.   The   signal   is   anplified
in  TR5  before   the   image   signal   is   removed   in   the   7th  order   low-pass
filter.   The   desired   signal   is   amplified   [o  FULL  power   level   in  TR9.

Before   the  signal   leaves  the  board,   it  passes  the  stepattenuator  con-
trolled  by  the  POWER  suitch  setting  or   remote  control   interface.
The  attenuator  is  a  nodif led  T-attenuator  attenuating  OdB,   6dB  and
approx.   12dB.

=:p;;fi::e:i: :::q£:C:x::t:i4 ffi i:nrt;:f;::6 £hi:h3c3?f£: g±
£erence   frequency   is  derived  from  the  TCX0  in  order  Co  accomplish
the  necessary  degree  of  frequency  scabilicy  of  the  output  signal
from  the  voltage  controlled  oscillators
The   1.4  MHz  reference  frequency   is  divided  by   seven   in  the  divider
IC3  before   it-as  a  200kllz   signal  -is  fed  to  one  of  the  input  ports
of   the   Phase  Detector   IC5.   The  output   from  the   36.6  rmz   VC0   is  buf-
fered  up   through  TR13,   TR14,   TR7  ar`d  half  of   IC6  before   it   is  di-
vided  by   183  in  the   synchronous  divider  consisting  of  IC9  and  IC8
and   the  other  half  o£   IC6  which  acts   as  presetting  control.

The  output  of   the  VC0  is  amplitude  regulated  and  fed  to   the   1.4  rmz
to   38   MHz   mixer   IC1.

The  selection  of  the  variable  resistor  for  the  level  settiag  i8  carried
out     by     the     band  decoders   IC2  and   IC4   turning  the  diodes  I)1   to
I)17   (except   D6)   on   and   of f .

5.5.4. A Control  Circuit   and  Tone  Generators

The  mode  control   signals   from  the  MODE   §uitch,   the  A3H  §ixplex  sig[lal
from  the  frequericy  memory  in  E   and  the  RE  infornatioo  fron  the
transmitter  power  anplif ier  are  the  input  signals  to  the  programable
read  only  nenory   (PROM),   IC5,   of   the  Mode   Selector.   The  PRon  has  been
Programed  to  give  at  the  output  the  desired  control  sigtlals  correspon-
ding  to   the  Wanted  mode.

£et=d:. :eE:t::c::::rodih:i:n::: :::;::::v:a:a:::o¥::a:::I;a:
1.5  kHz   SHIFT  output   tells.  when  HIGH,   tbe   syathesizer  to  decrease
its  frequency  by  I.5  kHz.   In  the  Fl  trade  the  anode  voltage  of  the
P.A.   valves   is   lowered  by  nears  of  a  relay  in  the  poser  pack  controlled
from  transistor  TR5.   Automatic   selectioa  of  FULL  POWER  is  carried
out  by  means  of   transistor  TR4,   when  A3H  sixplex   (ceminal   14a  Low)

:::t¥u¥::efL#t£:::P::e°ie;f a:::c::¥:  are  Selected.  The tcode  se-
Keying  of   the  transmitter   is  only  possible  from  the  roRSE  FEY  input
in  the  A2H  and  Al  nodes,   £ron  the  TELEX  FEY  irxput   in  the  Fl  mode,
from  the   HANDSET  KEY   input   in   the  A3A,   A3J,   A3H  and   TBANsmT  AIARH
mdes,   and   from  the  DUPLEX   input   in   the  F1,   A3A,   A3J,   ASH  or  TRANSHT
AI.ARM  nodes,   provided  A3H  8ixplex   i8  not   selected  as   the  DUPLEX  input
is  then  inhibited.   Furthemore  the  infortnacioti  on  terminal  24a   (rm)
has  to  be   in  accordance  with  the  node  Selected:   HIGH  a[  A2tl,  Al  and

:1o'n ::Wt:: =36. =J;h:3: ::n=s=u:p=. t=isin:: g8:: by co-ec-
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The  keying  signal  ac   IC2,   pin  8  controls,   via  an   inverter,   transi-
stor  TR9,   supplying  +12V  co   the  output  anplif ier  circuit  of   the
RF   translator     302     and  activating  the  keyline  to   the  power  pack.
In  SIMPLEX  it   supplies  base  current   to  TR8  controlling  the  muting
of   the   receiver.

The  two-tone  alarm  §ignaLl  generator   incorporates   the  45   see.   timer
the  2lk  ascable  multivibrator  and  the  2.2  kHz  and  1.3  kHz  o§cillacors.
The  45   see.   timer   is  enabled  i ron  the  mode   selector   in  TEST  AI.AEN
and   TRANSMIT  ALARM  and  can  be   started  by   pushing  the  ALARM  START
push-button  that  applies  +12V  to  teminal  2c.   Via  the  voltage  divider
R32  and  R33  a  keying  signal   is  applied  to   the  key  selector.   The   2Hz
a§table  nultivibrator  starts  and  supplies  bage  current  to  TR6  and

:::: ::;::?a:;;:i:i get::di?4S#:a:x::::rthdiBci:::t:I: ::: :i:e:::e
keyer,   applied  to  the  receiver  audio  amplifier.

In  the  Al  mode  the  1.5  kHz  oscillator  is   started.   The  audio  sigtlal
is  keyed   in  the  sidetone  keyer  and  the  tone  keyer  which  are  both
controlled  from  the  norse  key.   Capacitor  C8  and  adjoining  components
at  the  gain  control   input  of   IC7  serve  to  shape  the  tone  pulses  cor-
rectly.

In  the  A2H  mode   the   2.2  kHz  oscillator  as  veil  as   the   1.5  kHz  oscil-
lator  are  on.   R54  is  connected  to  ground  in  IC4  thereby  reducing  the
peak  level  of  the  audio  sigaal  ac  the  tone  keyer  input   Co  the  Same
level  as  when  only  otie  totie   is  present.   The  sidetone  keyer  is  con-
nected  to  the   I.5  kllz  oscillator  only  aB  TR12   is  tuned  off  by  means
of   D24.

when  the  TUNE-button  of   the  transmitter  power  anplifier  is  activated
terminal   l8c   i9  LOW.   A2H  is   selected  by  means  of  Dl  Sad  I)3  the  trans-
nitcer  is  keyed  via  IC2  pin  9,   and  the  sidetone  keyer  i8  Cumed  o££
by. tnean§   of   IC3  pia   I.

5.5.5.

bffi
Divider

There  are  three  divider  chaing,   their  asgociated  buffer  aplifier§
and  tuo  phase/freq.   detectors   located  on  this  board.

The   ref erence  divider  produces  the  2  kHz  ref erence  I requetlcy  I or  the
phase/£req.   detector  1     and  the  10  kHz  refereace  signal  for  the  phase/
freq.   detector  2   from  a   1.4  rmlz   signal  derived  from  the  TCXO.

The  variable  divider  chains  are  coaposed  of  prograrmable  up-counters
and  their  associated  external  gating  logic.   The  dividing  action  is
acconpli§hed  by  presetting   (programing)   these  councer®  rich  the  data
blocks  corregponding  to  the  contents  in  the  displays  at  the  ead  of
each  counting  cycle.   The  data  blocks  contain  the  BCI}  9's  complenenc
code  of   the  corresponding  digit.
In   the   loop   1  divider  chain  the  WT  nodes   infomation   (e.g.   A1,   A2H
and  F1)   is  used  to  control  the  associated  extemal  Sating  logic.   Ia
the  lrr  orodes  this  chain  counts   15  clockpulses   less  than  in  any  other
rode  before  concluding  a  coimting  cycle.   Thus  the  contetlts  of  the
data  blocks  are  independent  of  the  mode.
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The   loop   2   divider   chain  counts   independent   of   the  receiving  node
and  adds   by  means   of   the   external   gacing   logic   370  extra  clock
cycles   [o  what   is  determined  by  the  three  nose   important  digits
before  concluding  a  counting  cycle.

The  outputs  from  the  variable  dividers  are  led  to  their  respective
phase/freq.   detectors   and  are  here  compared  Co  the  fixed  reference
frequency.   In  case  of  a  frequency  difference  the  detector  will  pro-
duce  a  DC  error  voltage  which  will  adjust  the  agsociated  VCO  to
establish  the  wanted  frequency  equality.

5.5.6.

5.5.7.

Translator

This  circuit  board  contains  one  half  of   loop  3,  nanely  the  frequency
comparacor  ~  200  divider,   the   loop   3  mixer,   with  its  associated   1.5
MHz   lotrpass  i ilter  and  phase/freq.   detector  3.

The  VC0i  output  i requency  is  divided  by  200  and  fed  as  a  variable
reference   frequency   Co  one  of   the   two   input  ports  of  phase/freq.

:::;c:::e:.v:::eo::i::  i:::::::Z ::g:::3i:i:::::eEy£::mi;c:::  =ethe
sun  frequency   from  this  mixing  process   i5  removed   in  a   13-order
1.5  mlz   low-pass  filter  thus   allowing  otlly  the  difference  frequency
to  pass  on  via  the  following  buffer  amplif ier  to  the  other  port  of
phase/freq.   detector  3.   This  detector   is  almost   identical  to  the
detect:ors  mentioned   in  the  description  of  board    207   .

::e:::n¥;°3i:::::tb;I:8u::C¥h:Sb:;!=:n:h::  gea:a:::::i::ro:u::::  3
this   loop  will  end  in  a  stable,   unlocked  condition.   To  avoid  this

;t:i:rt:: :::q:::C±i: :::a::¥t::ei;1:iv:::a€::q:%::y i:£ t¥::ge::dt:; the
latch  following  the  tva  divider  chains  and  via  the  phase/£req.  detect-
or  3  the  frequency  of  VC03   is  forced  to  rige  thus  pulling  loop  3  out
of   this  unwanted  condition.

The  output  pulse  from  the  detector  is   §noothed  by  means  of   a  sinple
RC-i ilcer  before  leaving  this  circuit  board.

=`=`9` VC0|   and   VC02

The  loop  f ilter  and  volt:age  controlled  oscillator  of  both  loop  1  arid
loop   2  are   located  on  this  board.

Both  of  these  i ilters  are  active  3rd  order  lotirpass  types  with  atl
integrated  function  iticorporated.  The  purpose  of  the  loop  f ilters
i8  to  remove  the  pulses  from  the  output  of  tbe  phage/freq.   detector
and  allow  only  the  DC-infomation  to  pass  on  to  the  vari-cap  diode9
of  the  voltage  controlled  oscillators.   By  use  of  the  phase  error  adjust-
ment  pocentioneter  the  phase  error  pulse  width  can  be  rininized.   Once
adjusted  this  width  will  renaia  unchanged  throughout  the  whole  fre-
quency  range  of   the  VCO,   due  to  the  use  of  an  integrator  in  the   loop
filter.   Both  of   the  VCO'8  are  amplitude  regulated.

£:I:::e:::o3yo:e:::  ::  :h:e:::::gb::::u{: ::±cEfic92  ±S  operating  £S

5-7



5.5.8.

5.5.9.

A VC03

This   circuit  bciard  contains   the   loop   3   I ilter  and  the  voltage   con-
trolled  oscillator  VC03.

The   loop   3  filter  cc]nsiscs  of   a  low-pass   i ilter  alid  an  int:egrator.
The  filter  serves   to  remove  the  pulses  of  the  phase/freq.   detector
output   signal  and  allow  only  the  DC  infomation  Co  pass  oa  to  the
vari-cap  diodes  of  VC03.   By  use  of   the  phase  error  adjustment  the
phase  error  pulse  width  can  be  minimized,   and  once  adjusted   it  Will
remin  unchanged  throughout   the  whole  frequeocy  ralige  of  VC03  due
to  the  use  of  an  integrator  in  the  loop  filter.

:::3v:8:: ;9::c:fc:::::n:a:t:::dc::t::;:::£=:::;a:8rfa:f°#: :::3y
selection  is  carried  out  by  trean8  of  a  decoding  circuit  otl    303   .

#:t¥::3s:::::Ct:£Fh:L33§tg3:;5ufizr:i:::t:: :a:  ::g:: ::t::  £n_

A Master  Oscillator   (0 tional)
The  oscillator   itself   is  a  Sealed  unit  cont:aiming  a  highly  stable
TCXO   (temperature  conpen§ated  crystal  oscillator)   at   11.2  rmz.   The
output   signal  of   the  TCXO  is  anplif led  in  the  transistors  TRl  to
TR3  and  fed  co  the  binary  counter  Icl  which  divides  the  input  f re-
quenc:y  by  8.   The   1.4  rmlz  square  wave   signal   is  filtered  ill  a  tuned
circuit  C6,   T1,   and  the  regulting  sine  Have  signal  is  fed  to  the
outpiit  teminals.
TCXO'8    of    two  different  tnanufactures  may  be  used.   In  both  cases
crystal  oscillator  aging  is  very  s"11   (less  than  10-6  per  ann`m)
and  will  be  greatest  during  the  f ir§t  fen  years.  Aging  rill  nomally
cause  an  increase   in  f requency  which  in  one  case  can  be  compensated
for  by  introducing  the  connection  indicated  by  the  dotted  line  in
the  circuit  diagram  (this  will  reduce  the  frequeacy  by  approx.
2xl0-6)   and  in  the  other  case  by  changing  tbe  fac:tory  Selected  re-
sistor.   The  resistor  should  be  selected  at  25°C  achient  teaperature
to  give  a  TCX0  output  f requency  of i get  frou  the  nominal  frequency
(11.2  l"z)   by  the  anoimt  tnarked  on  the  can.
Frequency  adjustmetit   should  be  carried  out  otlly  i£
courlter  is  available  for  control  of  the  frequency.
sured  that  the  accuracy  of  the  counter  a[  the  I
than  10-7.

5.5.1o.   E and  Ke board

quality
Dust  be  en-

is  better

When  a  key   is     pressed    or  released  sotne   sort  of  bouncing  e££ect
Will  always  appear  before  the  key  has  settled.   This  bo`mcing  i8  re-
moved  by  means  of   the  Key  Bounce  Elirinator  con3igting  o£   IC45  and  its
associated  external  coxponent8.   When  a  key  has  Settled  after  being
pressed,       a  read-pulse   is  produced  at  pin  12  of   IC45  and  the  BCD
code  of   the  key  tiunl)er   in  question  ia  produced  by  IC46  and  IC47.

B:::::::tt::°:e:::::::et:: :a¥:: ::yt#.I i:a:nr:::5:=e;n°:h:u§::
register  stack  IC42  or  to  the  first  register  in  the  frequency  digit
register  stack  |C41.   The  BCD  code  is  at  hand  on  the  input  cif  botb
register  Stacks.   The  directioa  of  the  read-pulse  fron  IC45  and  the
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clear  pulse   from  the   clear   key   are   controlled  by   IC43  under   contrc)1
of   the  number  key.   The  data  blocks  already  stored   in  the  register
stack  concerned  are  simultaneously  shifted  to  the  next  register.

Tco  display  nodes  are  possible.

If   the  No.   key  S4   is  cipen  the  out:puts   from  the  frequency  digit
register  stack  are  enabled  and  the  displays   show  the  contents  of
t:he  frequency  digit  register  stack,   and  the  transistor  TR7  turns
on  the  decimal  point  of  display  IC40.

If   the  No.   key  S4   is  closed  the  No.   digplay  timer   IC51   guides   the
contents  of  the  No.   digit  register  stack  to  the  di8play8  IC32  and
IC40.   IC37  and  half  of   IC33  are  enabled  to  pass  the  irifor"Ciotl.   By
means  of  TR1   §one   Segments   in  the  displays   IC12  and  IC13  are  §ritched
on  together  With  the  decinal  poiat  in  IC23  foming  the  let[erg:   "no."
(short   for   frequency  No.) .
After  approx.   one  second  the  No.   display  timer  rms  out  and  the  out-
puts  of  the   frequency  nenory  I'ROMs   IC20,   IC24  and  IC34  are  enabled
and  passed  to  t:he  displays   indicating  the  frequency  stored  in  t:he
frequency  memory.

The  diode§  D20  and  I)21   enable   the  the  transmitter  power  amplifier
I  5000  to  select  frequency  No.   zero  when  the  band  switch  i8  set  to
di§tres8  frequency.

The  frequency  information  is  converted  through  the  BCI)  to  BCD9'a
conplenent   converters  ICll,   IC3,   IC2l,   IC26,   IC30   and   IC49   to   BcO  9's
complement  code  supplying  the  frequency  dividers    207    uith  tbe  fre-
quency  information  for  the  syrithesizer.
At  the  sane  tine  the  three  most  significant  digits,   the  ''10  NIz",
"1   HHz"   and  "loo  kHk"  digits   are  decoded   in  tbe  BCD  to  binary  de-

coders   Icl1,   IC14  and  IC15.   The  binary  code  controls   the  band  irr
fomation  netnory  IC5,   IC6,   IC7.   IC8.   IC9  and  the  dot:a  Beleccor  IC2.

The  band  information  memory  PROus  contain  the  band  information  for  the
transmitter  and  the  RE  translator    302   .  The  infomatioD  i8  stored
ifl   100  klk  Steps.   Each  address   in  the  I'roM  contains  2  stepg  -the   least
Significant  four  bits  the  first  infomation,  the  no8C  9ig[iificant  four
bits  the  next  itifomation  coacrolled  by  the  data  selector  IC2.  The
band  infomation  is  split  up  on  five  PROHs:   IC9  cotitaia8  information
between  0  kELz  atid  6300  kHz,   IC8  the   infomation  betveea  6400  kHz   and
12700   kHz,    IC7:    12800   kHz   -Igloo   kHz.   IC6:    19200  kllz   -25500   kHz   and
IC5:   25600   kllz   and  up.

If  the  display  indicates  a  frequency  equal  to  or  higher  thaa  32  rmz
the  frequency  digit  regigter  §Cack  ig  cleared  by  nean8  o£  ICll   Pia  5.
In  the  sane  way  IC3  clears  the  Stack  if  tbe  frequency  is  equal  to  or
greater  than  30  mz.
The  input   addrea8es   for   the  frequency  nelhory  PROMS   IC20,   IC24  and  IC34
are  derived  from  the  remote  control  interface  ih    Sol     SKI  or  fron  the
No.   register  stack  IC36  and  IC42  af ter  code  conversion  in  IC39.

If  a  frequency  No.   greater  than  31   is  keyed  in,   IC39  clears  the  Na.
register  stack.

5.5.11.       241       Pro raJmin Unit   ( cioaal)
The  purpose  of  this  priated  circuit  board  i8  Co  make  it  possible  to
program  trmunlly  the  PRon8  `ised  a8  building  blocks  in  the  uecorieB  ia
tbe     303    Display  and  Keyboard.
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The   only   types   of   PROMs   which   can  be   prograrmed   by  means   of   the
prograrming   unit   are   the   TI-types   shorn   in   table   3al.1¢

Three   PROMs   Eogecher   can   contain   the   information  of   32   different
frequency   No§.    The   three   PROMs   are   placed   in   SKI,    SK2   and   SK3.
Their   input   word   address   i§   chosen  by  nears   of   the  keytoard   on
the   front   panel,   thus   Selecting   cine   of   the   32   possit)le  words   in
each  of   the   three   PROMs.

A  prograrmed  output  will  be   greater   than   2V   (HIGH),   and   an  unpro-
gramed   output  will   be   less   than  0.8V   (LOW).

Half   of   IC4   is   always   sensing   the  voltage   level  on  pin   9  clf   SKI.
If   this  voltage   level   is   HIGH,   pin  5   of   IC4  will   also   become  HIGH
after   the  first  positive  tratisition  of  the  clock  pulse  at  pin  3,
thus  disabling   IC2   and  thereby   IC6  and  IC8  f ron  being  activated
by   the   key   S1.   This   i§   irrelevant   in  E   5002.

The  oiitputs   from  the   six  monostable  nultivibrators   IC2,   IC6   and   IC8
are   combined  I)y  means   o£   4/6   IC5,   2/4   IC7   and   1/4   IC3   into   three
pulse-trains,   one   for   the  Vac-pins,   one  for  the  enable  pins  of
the   three  PROMs  and  lastly  one  for   the   transistor  TR1.   This   tran§i§tor
sinks   the  programing  current   from  the  PROM-output  to  which  the  pro-
graming  pin   is   connected.
The   three  pulse-trains   are   shoim  on  the  next  page.

The   two  voltage   levels   of   the  vac-pins  of   the  PROMs   are   stabilized
by  means   of   D3   and   IC9.

In  order   to   keep   the   PROMs   as   cool   as  possible  which   i§   very  essen-

::::i::so:t:;np::::  ::o3rm=:n:u:e::1:8oc::::  I::i::p:::  ::::o:n:!
tine  where  no  progra"ing  takes  place.   This  pulsed  operat:ion   is  cot`-
trolled  by  a  clock-pulse   getierated  by   Icl  opening  and  closi.ng  via
2/4   IC3   and   2/6   IC5,   the   transistor  TR2.   At   the  end  of   each  5  nsec
period   the   logic   levels  of  pin  9  of   SKI   and   the  programing  pin  are
read   into   the   two  D-flip£1ops  of   IC4;   a  HIon  level,   corresponding
to  a  progratmed  bit   location  uill  mke  the  associated  lamp   light.
when   the   key   SKI   is   activated  and  MONl   of   IC2   is   Criggered,   the  clock
generator  Icl   is   stopped.   Once  the  prclgraming  pulse-trains  have
been  accoxpli§hed  the  clock  generator   i§  allowed  to   Start   again
after   a  delay  of   approximately  30  msec.

A  delay   circuit   consisting  of   R7l,   R72.   C12   and  I)4  prevents   the

¥§c;I:::I:=::£e:u:::  ±E:: :::::nE:n:::::€yw:::e:::ear::::=:nEoun Lc
IC2o   This   is   acconpli§hed  by   tuning  o££   TR2  via   1/4   IC3   and   2/6   IC5
until  all  the  voltage  levels  have  stabilized.
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6.   Simple service

6.1.

6'2.

6.3.

6.4.

Incorrect  0 eration

If   the   equipment   is  not   functioning  correctly,   a  check  should  be
made  that   it   is  being  operated  properly.   Go  through  the   tuning
procedure   2.I.   if  necessary.

Battery

The  condition  of  the  battery  should  be  checked  at   frequent  inter-
vals.   The  battery  must   always  be   fully  charged  and  Should  be
tapped  up  frequently  with  distilled  uater   (liquid  Should  be
5   to   10  rm  above   the  plates).

Checkin the  Ancerma  Tunin

The   anterma  tuning  may  be  checked  by  adjusting  the  transmitter  as
described  in  section  2.3.,   preferably  on  one  of  tbe  frequencies
that  was   listed  in  the  tuning  chart  when  the  equipment  was   in-
stalled.

Then   set   POWER   suitch   to   SIMPLEX,   MEI)IUM   and   CHECK   SWITCH   to   LEVEL.
Pull   the   CHECK   SWITCH  knob   out   and   press   TUNE  buttoti.   Note   the
meter  reading.

Set   PORER   switch   Co   SIMPLEX,   FULL   and   press   TUNE  button.   Note
ANTENNA   CURRENT   reading.

Compare  the  readings  with  the    values     listed  in  the  tuning  chart.
If  the   tuo  readings  differ  appreciably  from  the  listed  values  alld
the  Cransnitcer  is  othervise  functiot`ing  normally,   the  faulc  can
be  expected  Co  be  in  the  antenna  system  or  in  tbe  trangnitter  earth
connec t ion .

Accordingly  the   following  check  should  be  made.

Have  any  changes  been  node   in  antenna  or  earth  counectiou§   since  the
installation  ua8  made?

Have  any  changes  beeri  node   in  the  rigging  or  in  the  placetrent  of  the
derricts  eta.?
Is   leakage  present  on  the  anterma,   possibly  caused  by  coisture  or
dirt  on  the  anceuna  insulators?

the   CHECK   SNITCH

The  CHECK  SWITCH  is  tiomally     iaoperative.     Pulling  the   Switch  kaob
out  will   switch  the  ANTENNA  CURRENT  meter   to   read   the  voltage  or
current   selected  with  the  switch.   I`Jhen  released  the  knob  will  ret:urtl
to  its  original  position.
The  meter  reading   in  all  positions  except  LEVEI.  is  approx.   3  tinder
normal  conditions,   i.e.   transmitter  adjusted  as  described  in  section
2.3..   POwER  switch  set   to   FULL  and  TUNE  button  pressed.
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1

Deflection   co   3       ICorrespondstoapprox. Ac,ual                   Ideflect:ion',(Pc]si[ion    of        :CHEctdSWITCHI           Check   o£

VAVslVs2VG1112VD anode   DC  volt- 1700V3ooV                      I300V-+9V'165rnA165ut28V 2.4   to   3.5

agescl.een   gridvoltagec)fvalvencj.1screengrid dependent   onsupplyvoltage2.4to3.6depen-

voltage   of dent  on  valve  cha-
valve   no.    2 racteristics

I    control   grid 2.3   to   3.7   depen-
biascathode   cur- dent  on  valve  cha-Iracteristics

rent   of   valveno.1cathodecur-rentofvalveno.2supplyvol.t-agecodriveramp1ifier
IIi

Table   6.4.1.

6.5. lacement   of   Fuses

All   fuses,   except   the  high  tension  fuse,   are   accessible  on  the  front
panel  of   the  power  pack.   The  high  tension  fuse  becomes   accessible
when   the   pciwer   pack   is   pulled   c)llt.

NOTE:   Set   SLTPPLY   switch   to   OFF   and   open   extemal   supply  voltage
Switch  before   opening   the   equipment   and   replacing   fuses.
Short   cireui[   both  ends  of  high  terision  fuse   to   chassis
using  an   insulated   tool  t)efore   touching   it.

Fuse   ratings   are   given   in   table   6.5.1.   and   table   6.5.2.   belc>u.   Fuses
with  narked   ratings  within   5  per  cent  of   the  ratings   given  must  be
used.   Note   that   slow  or   fast   blowing   fuses  nusc   be   used  where   §pe-
c if led .
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Fuse  Rating I)e a ignat ion Frc>n[   Panel   Fuses Symptom  if   fuse
(from  left   to   right) is  blom

1.6A   fast 260FS   5 7.5V   to   receiver Ilo  light   in  display

1.6A  fast3.15Afast 260FS   6260FS3 15.7V  to   receiver no  light  in  displays
Sad  exciter7.5Vtoexciter negative  deflectiononCmcKSNITCHpo-sitionVGIlolightindisplaysnolightindisplays

40A  fast8Afast1.6Afast0.5Afast0.5AHT 260FS   2260FS1260FS4260FS8260FS7 24V  battery   inpilc(LTandHTconverters

24V  battery  input no  light  in  displays
(RI,1,   filamentsupply,blower)28Vtodriverin Ilo  cabinet   lightnoreadingonCHECK

T   5000 SWITCH  pogition   VD

600V  screen   grid no   reading  on   CHECK
supply SWITCH  positions   Vs|andVsnoreadinginCtECKSWITCHpositionVA

High  tension   fuse1700Vcoanodes

Fuse   R.ating,   24V  I)C   Power   Pack  P   5000
Table   6.5.1.
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Fuse   Rating Designacion Front   I'anel   Fuses Symptom   if   fuse   is
(from  left   to   right) blows

1.6A  fast 265FS   3 7o5V   Co   receiver no   light   in  display

1.6A   fast3.15Afast 265FS    7265FS2 15.7V   to   receiver no   light:   in  displays
and  excicer7.5Vtoexciter negative  deflectioninCHECKSWITCH::§:::i:!8display

8/16A   slcw8AfastI.6Afast0.5Afast0.5AHT 265FS    1265FS8265FS6265FS5265FS4 tDains   inputfilamentsupply28Vtodriver1.n no   light   in  displaysnocabinetlightnoreadinginCHECKSWITCHpositionsliand12noreadinginCHECK

T   5000 SWITCH  position   VD

600V   screen   grid no   reading   in  CtECK
supply SWITCIl  posicion§   VsiandVS2noreadinginCHECKSWITCHpositionVA

High  tension  fuse1700Vtoanodes

Fuse   Rating,   AC   Power   Pack  P   5001
Table   6.5.2.
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7.   REPAIR AND ALIGNMENT

7.1.

1.2.

7.3.

7.4.

7.5.

7.6.

Introduc c ion

Repairs  and  adjustments  on  the  equipment   should  be  perfomed  only
by  qualif led  technicians  to  whoa  this  chapter  is  addressed.   Before
atten|)ting  any  repairs  or  adjustnent8  a  study  of  Chapter  5.  Techni-
cal  Description,   is  recomended.

Cro89-Slot   Screws

The  cross-slot  screws  used  to  secure  the  printed  circuit  boards  are
Pozidriv  screws.   A  Po2idriv  8crendriver  No.   18hould  be  used   in  or-
der  to  avoid  damaging  such  screws.

Locatin Subunits   and   Com Onents

Loc:ation§  of  circuit  boards  in  the  equipment  appear  frou  the  photo-
graphs  on  pages  8-       to  8-     .   I.ocatioas  of  cotaponents  on  each  cir-
cuit  board  appear  on  the  component  locatioti  drawings  against  the
respective  circuit  diagrans.

Locatin Faults

Fault  finding.   as  described  in  section  7.5.   below,   i8  aided  by  test
poiots  provided  for  the  purpose  of  pemitting  rapid  localization  of
faulty  circuit  boardson  the  basis  of  I)C  tBeasurement8.   Siace  not  all
types  of   faulcB  can  be   traced  by  means  of  DC  measureaenc8,   supple-
mentary  AC  DeagureDents  With  an  oscilloscope  nay  be  required;   see
section  7.6.    To  facilitate  fault  finditis  oa  each  individual  circuit
board  typical  volcage8  are  listed  on  the  circuit  diagrams.

Test  Points
Several  circuit  boards  coticaia  cue  or  IIiore  te8C  points.   They  are
snail  pia-type  teminals,  colour  coded  following  the  standard  colour
code  in  addition  to  being  numbered.   Ia  the  circuit  diagrams.   teat
points  are  marked    TP  1.     TP  2    eec.,  and  typical  voltages  at  the
test  points  are  listed  there.
The  teminals  of  the  circuit  boards  may  to  a  great  extent  also  be
regarded  as  test  points.  Typical  voltages  are  therefore  also  listed
against  relevarlt  Cerninals  on  the  circuit  diagrans.
If  a  voltage  measured  at  a  test  point  differg  markedly  from  the  listed
value  it  ig  a  f airly  certain  indication  that  the  circuit  board  in
q`iegtion  is  faulty,   assunitig  chat  tbe  voltages  applied  to  the  circtlit
board  are  the  correct  ones.   This  should  likeviBe  be  checked.

AC  Voltages

AC  voltages  listed  in  the  circuit  diagrans  are  typical  voltages.  Volt-
ages  9pecif led  are  based  on  q]eas`irement  With  an  oscillascoE.e  having
an  input  ixpedance  of  10  Mohms  in  pamllel  iiith  7  pF.  a  8enaitivity
of  the  order  o£  50  tBV/div  and  a  I requency  range  of  not  lees  than
DC  -S0  RE.
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AC  voltage  values  measured   in   the   signal   path  o£   the   transmitter   call
be  measured   only   if   the   cransmi[ter   is  modulated  with  a   two-tone
signal.   This   can  be   done   by   pressing   the   TUNE  button  of   the   trans-
nitcer .

7.7.          DC   voltages

DC  voltages   listed   in   the   circuit   diagrams   are   based  on  neasuremeric
with  a  25   hohas/Volt:  multimeter.   If   a   stated  voltage   i§   dependent
or`  the  setting  of  a  control  this   is  also  stated  on  the  circuit  did-
grans.   typical   logic   levels   (LOW/HIGH)   are   indicated   in  brackets.

7. 8.         Adius[ments

The  following  sections  describe  aligrment  procedures  for  printed
circuit  boards  that  contain  adjustable  components.   Bear   iri  mind  that
no  adjustnents   should  be  carried  out  unless  there  is  a  clear   indi-
tion  that   i[   is  really  necessary.  tforeover,   adjustments   should  be
carried  out  only  by  a  qualif ied  technician  with  the  necessary  equip-
menc   at   his   disposal.

When  a  unit  or  printed  circuit  board  is  replaced  adjustments  are  in
some   c:ases  necessary.   These  cases   are   listed   in  the   table  I)elow.

Replacement:   of   unit Adjustment  required Procedure   given  in
or  board of

E   5002 I.evel   setting244-R15 Transmitter  manual

AE34
§eccion   7.8.3.Section7.9.2.

Level   settingLevelsetting244-R15 Transmitter  manualsection7.8.3.TransDiccermanualsection7.8.3.section7.9.2.

20 209-R13 secticm   7.13.3.

A 209-R14 sectioti   7.13.4.

2 1 0-RS section   7.14.2.

I  5000/I  5001/ Level   secti.ng
Transmitter  ma]iual

I  5002 section   7.8.3.

A  Realigrmenc  of  "  MHz  Exciter
Measuring  equipment :

Oscillo§cope  having  a  sensitivity  better  than  50nv/div.   Input   impe-
dance   10  Mohm  in  parallel  with  20  pF  or   less.

7.9.1.   Realigrmenc   of   244R6,   Microphone   Sen8icivity:

The  microphone  sensitivity  potencioneter  i§  nomally  fully  clockwise,
corresponding  to   full  sensitivity.   When  the  transmitter   is   installed
where  there   is  a  higb  acoustic  noise  level   it  can  be  advalitageous   to
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reduce  the  sensitivity  by  tuning  the  potentiometer  half  or  fully
anticlockwise.   This  has   the  effect   of   reducing  the  background  noise
coming  lip   in   speech  pauses.   The   compressor   ensures   that   the   trans-
mitter   is   still   fully  modulated  by   the   speech  signal.

7.9.2.      Realigrment   of   244   R15:

Control   settings:    SUPPI.Y   switch:   STANI)   BY.

I.   Connect  oscilloscope   to   test  point   244  TP7.

2.   Un§older  broti7ri   lead   to   terminal   244-4.

3.   Set  potentiometer  244  R15   to  the  middle  of   its  range.

4.   Press  TUNE  button  and  adjust   Sensitivity  of  oscilloscope   to  give
full screen  peak  to  peak  clef lection.

5.   Resolder  brouri   lead  to   teminal   244-4.

6.   Press   TUNE  button   and  adjust   244  R15   to   give  exactly   the   Sane  de-
f lection  on  oscilloscope  as  before.

7.9.3.      Realignment   of   244   R44,   Balance:

Control   settings:   SUPPLY   switch:   STAND  BY
MODE   switch:         A3J

1.   Comect  oscilloscope   to   the  hot   el`d  o£   244  R61.

2.   Adjust  potentiome[er   244  R44  for  uininm  de£1ection  oa  oscilloscope.

7.9.4.      Realignemic  of   244   R48,   Carrier  Level:

Control   settings:    SUPPLY   switch:   STAND   BY
rol>E   switch:        A3H

1.   Connect   oscillo§cope   to   244   C44/244   L6.

2.   Press  TtJNE  button  and  adjust   8en§itivity  of  oscilloscape  to  give
full   screen  peak  to  peak  clef lection.

3.   Unsolder  grey   lead  to

4.   Press   TUNE  button  and
deflection  as  before.

terminal  244-13.

adjust  244  R48  to  give  exactly  the  sane  peak

5.   Resolder  grey  lead  to  teminal  244-13.

Above  procedure   implies   that   244  R15   is  correctly  adjusted   (paragraph
7. 9.2. )  .

7.9.5.     Realignment  of   244   Tl:

Control   settings:   SUPPLY

1.   Connect  o§cilloscope

2.   Press   TUNE  button  and
oscilloscope.

Switch:    STANI)   BY.

to   test   244  TP7

adjust  244  Tl  for  tDaximm  clef lectiotl  on
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i  .9 .6 .

7 .  10 .

Realignment   of   244   L6:

Control   settings:    SUPPLY   switch:    STAI\D   BY

i.    Cont\ect   oscilloscope   to   244   C44/   244   L6®

2o   Connect   a   shorting   strap   across   c:apacitor   303   C1.

3.   Press   TUNE   button   and  adjust   244  L6   for  uaxinun  clef lection  on
a sc i 1 lci scope .

4o   Remove   shorting   strap.

EE Reali nment   of   RE Translator

Measurit`g   equipment :

Oscilloscope  having  a  sensitivity  better  than  50nv"w   Input  impe-
dance   10  Mohm  in  parallel  with  20  pF  or   less.   Frequency   range   up   t:o
50   rmz.

:t::::::n:;era::u:::;I::::e:a:i::n!#ea::n:: :::;:tL.::1:.:;e..: f --::  ie a,§ I
3v   in   50   ohas.

7el0.i.   Realignment   of   302   T1.1.4  rmz   input   transfomer:

Control   settirLgs:    SUPPLY   switch:    STAND   BY

1.   Connect   oscilloscope   to   244   C44/   244  L6.

2.   Press   TurE  button   and  a.djust  Tl   for  nininun  deflection  on  oscillo-
SCope .

7.10.2.   Realignment   of   302   Rl8,   balance   of   "   to   38  }ffiz  tnixer:

Control   settings:    SUPPLY   switch:    STAro  EY
MODE   switch:         A3J
POWER   switch:       DUPLEX

1.   Cotinect   oscilloscope   Co   R45/R55.

2.   Adjust   R18   for  ninimun  deflection  on  osci.lloscope.

7.10.3.   Realigunenc   of   30  rmz   Low  Pass  Filter:
Control   Settings:   SUPPLY   switch:   STAin   BY

MODE   switch:         A3J
pOwER  switchi      DupiEx-FurL.

1o   Connect   oscilloscope   to   the   BNC-socket   301   SK5   through   a   50   ohms
load.

2.   Remove   strap   tietween   t:eminals   302-3   and   302-4   and  connect   signal
generator  between  terminals   302-3  and  302-5   (302i   ground) .

3.   Detune   the   three  circuits  of   the   i ilter  by   turning  the  cores  anti-
clockwi se .

4.   Set   signal   generator   to    52.5    rmz,   approx.   2V.

5.   Adjust  L5   Co  minimum  deflection  on  oscilloscope.

6.    Set   signal   generator   to   46.0   MHz.   aoorox.   2V.
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7.   Adjust   L4   to  tnaximun  deflection   on  oscillosc:ope.

8.   Set   signal   generator   to  28.0     rmz  and  an  output   giving  approx.
1.5   Vpp   on   the   oscilloscope.

9.   Adjust  L5   to  maxinun  deflection  on  oscilloscope.

10.   Remove   signal   generator  and  resolder   the   scrap  between  [eminals
302-3   and   302-4.

7.10.4.   Realigrment   of   302   L6,   36.6   unz   VCO:

Control   setcing8:    SUPPLY   switch:    STANI)  BY

1.   Connect  oscilloscope   to   IC5  pin  3.

2.   Adjust  L6   to   symetry  of   the   square  wave   (e.g.   50Z  duty  cycle).

7.10.5.   Realigrment   of   302   T2,   36.6  mz  Tran§£omer.

Control   settings:   SUPPLY   switch:   STANI)  BY
MODE   Switch:         A3J.

1.   Connect  oscilloscope   to  Icl  pin  1  and  ground  at  pin  13.

2.   Adjust   T2   for  maximum  deflection  on  oscilloscope.

7.10.6.   Realigrment  o£  Level   Setting  Potentioneters

The  level  setting  potentioneters  control  the  RE  drive  voltage  to  the
transu]itter  and  is  the[efore  described  in  the  transmitter  nanual.
(The  T  5002  tnanual  paragraph   7-     ).

7 .11. Reali erit  of  Control

A

Circuit  and  Tone Generators

Measuring  equipment:

Frequency  Counter  having  an  accuracy  better  than  10-4  and  a  8easiti-
vity  of   at   least  .o`.5V.

Extender  Board

7.11.1.   Realigruent  of   234  Tl   and  234  T2:

Control   9ettirigs:   SUppl.Y   switch:   STArm  BY
roDE   switch:        TEST  AIARI

1.   Insert  extender  board.

2.   Cormect  frequency  counter  be[ueen  te"inals  234-32c  and  234-4c
ground) .

3.   Cormect  the  adjuscnent  teminalB  narked  1  aaa  2  together.
4.   I)epress   and  release  AI.ARM  START  pushbuttoti.

5.   Adjust   234  Tl   utitil   counter  reads   2200  Hz  ±   1  Hz.

6.   Remove  connection  referred  to   ifl  poiflc   3  above.

7.   Connect  the  teminals  narked  2  dad  3.

8.   I)epress   and  release  AIARM  START  buttoti.

9.   Adjust   234  T2  .until  counter  reads  1300  Hz  ±  1  Ez.

10.   Retcove  comectioti  referred  Co  in  poioc   7  above.
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7.11.2.    Realigt`ment   o£    234   T3:

Control   settings:    SUPPLY   switch:    STAIID   BY
MODE   switch:          Al

lo   Insert   extender  board.

2c   Connect   frequency   counter   between   temi.nals   234-32c   and  234-4c
(ground)  D

3o   I)epress  inorse  key  or  altemacively   short  circuit   the   tertBinals  of
the   jack   sc)cket   3C)O   SK2.

4o   Adjust   234   T3   until   counter   reads   1500   Hz   ±   1   Hz.

.12.     A Reali nment   o£   Loo Translator

Measuring  Equiptnent :

Signal  Generator  covering   the   range   loo  kHz   to   10  mz.

Oscilloscope  or  RF  Voltneter  having  an   input   impedance  greater   than
10  koha  and  a  sensitivity  of  at   least  10  nv/div.

Extension  board 4b
7.12ol     Realigrment   and  Ctieck  of   1.5  mz   LP-filter:

Control   settings:    SUPPLY   suitch:   STANI)   BY

::e:::n:: ::::ctffb c:::tziha:I:a:::ir sockets.
2.   Adjust   the  cores  of  L2,   L3,   L4  and  L5   until   they  are   flush  vi.th  the

top  of   the   coil   former.

3a   Comect   the   signal   generator   to   pin   12  of   208   IC4   through  a  0.1  pF
capacitor  and  comon.

4.   Connect   the   c>scilloscope   prcibe   tip   to   the   collector  o£   208  TR5   and
the  oscilloscope  ground  clip  to  comon.

5.   Adjust   the   sigrial   generator   to   20nv  ms.

6D   Sweep   the   Signal   generator   from  60   kHz   to   1.45  mz;   the  voltage
reading  level   on   the  oscilloscope  must  not   change  core  than   1  dBo
(Take  care   that  the  output   level  of   the  signal  generatclr  does
not   change  during   the   sveep).

7.   Readjust   the   signal  generator  until   the  signal   level  measured   is
decreased  by  3  dB relative  to   the  mxitnun  signal   level  found  under
5)c   The   frequency   should   then  tie  betveen   1.5  rmz   and   I.9  rmz.

8c   Readjust   the   Signal  generator  until  the   signal  level  measured  is
decreased  by  20  dB relative to   the  naxi"n  signal  £ciund  under  5) .
The  frequency   should   then  tie  betveen  1.8  mz  and   1.9  rmz.

7,,12a2D    Realignment   of   TI.ansformer   208   T1:

Control   settings:    StJPPLY   switch:   STANI)   BY
.I/i)\I.    Insert   the   PCB into   its   socket.

2.   Select  t>y  means  of   the  keyboard  29,goo.0  rmz  as   the   [E.ansnittins
i requency .
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3.   Connect   the   oscilloscope   probe   tip   [o   pin   1   of   208   IC4.

4.   Adjust   the  transfomer  208  Tl   until   the  signal  measured   is   approxi-
mately   2Vpp.

7.13. .,-/:\ Realignment   of   Vcoi   and   VC02

Measuring   equipment:

Oscilloscope  having  an  input   impedance  of   10  Mohms   ia  parallel  with
20  pF  or   less.

Frequency  Counter  having  an  accuracy  better  than  10-3  and  a  §ensiti-
vi[y   of   at   least   0..5V.AExtension  Board

7.13.1.   Realigrinent   of   VC0i:

Control   settings:    SUPPLY   switch:   STANI)   BY

1.   Connect   a  §horting   lead  between  teminal  209-32c  and  comon.

2.   Correct  the  frequency  counter  becveen  209-22c  and  coulim.

3.   Adjust   transformer   209  Tl  until   the  counter  reads   23.0  rmz.

4.   Rein)ve   the   shorting  lead  referred  to   in   (1).

7.13.2.   Realignment   o£   VC02:

Control   settings:   SUPPLY   switch:    STAND   BY

1.   Cormect   shorting  lead  betveen  terminal  209-2c  and  comou.

2.   Connect  the  frequency  co`mter  betveen  209-16c  and  co-n.
3.  i::e:5  £:  i:.:=:::its:gv:::I::::;).(A frequetlcy between  loo  kHz

4.   Adjust   trang£omer  209  T2  `mtil  the  co`mter  reads  5.0  rmz.

5.  :::e;: #:  i:.::-£;:::c¥g ¥::a::::S; . (A  frequency  betveen  10  REz

6.   Adjust   coil   209  L6  until   the  counter  reads  6.1  mz.

7.  :::e::  ::  i:.:::;i::t::  ¥::2::::S;. (A frequency  betveen  20 rmz

8.   Adjust  coil  209  L5  until   the  counter  reads   7.1  REz.

9.   Remove  the  short  circuit  referred  to  in  I.

7.13.3.   Realigunent  of  Phase/Frequency  Detectot.1  Error   Signal:

Coat:rol   settiags:    SUPPI.Y   switch:   STANI)  BY

1.   Cormect   the  oscilloscope  tietueen  209-32c  and  cotnron.

2.   Adjust  209  R13  for  ninimun  puls  width.

7.13.4.   Realigrment  o£  Phase/Frequeticy  Detector  2  Error  Signal:

Control   settings:   SUPPLY   switch:   STANI}  BY
Frequeticy  Selected:     Greater   than  I  MHz.
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I.    Cc)rmec[   the   oscillosccipe   between   209-2c   and   comrnc)n.

2®    Adjust    2C)9   R14    for   minimum   pulse   width.

7®   14. A Re a 1 i nment   of   VC03

Measuring   equipment:

Oscilloscope   having  ari   input   impedance   of   10  Mohms   in  parallel   with
20   pF   or   less.

Frequency   Counter  having  an  accuracy  better   than   10-3,   a  sensitivity
of   at   least   lv  and   an  upper   frequency   limit  of  at   least   75  rmz.

Extension   Board 4±
7.14.1.    Realignment   o£    210   C24,    210   C26,    210   C28,    VC03:

Control   settings:    SUPPLY   §wicch:    STAND   BY

1.   Connect   a   shcirting   lead  between   teminal   210-6c   and   cotmon.

2.   Connect   the   frequency   counter   between   210-16c   and   comon.

3.    Select   VC03z.    (A   frequency   between   loo  kHz   and   10   rmz   aLs   transmit-
ting   f requency) .

4.   Adjust   210   C24   until   the   counter   reads   51.0  rmz.

5.   ::::C:I::33zcy}t  frequency  between   10  mz  and  2o  mz  as  transmit-

6.   Adjust   210C26   until   the   counter   reads   61.3   MHz.

7.   Select   VC03x   (A  frequency   between   20  rmz   and   30  rmz   as   transmitting
f requency) .

8.   Adjust   210   C28   until   the  counter   reads   71.3  rmz.

9.   Remove   the   shortitig   lead   referred   to   in   1.

7.14.2.   Realignment   o£   210   R5   Phase/Frequency  Detector   3   Error   Signal:

Concrc)1    settings:    SUPPLY   switch:    STANI)   BY
Frequency   selected:   Greater   than   I  rmz.

1.   Connect   the   oscilloscope   between   the   junction  of   208  R48   /   208  R49
and  comon.

2.   Adjust   210   R5   for  nininun  pulse  width.

7  D  15  .
•.:,.\` Re a 1 i rment  ctf  Master  Oscillator

Measuring   equiptnent :

Oscilloscope   having  an   input   impedance   of   10  Mohms   in   parallel   with
20   pF   or   less.

Frequency   counter,   accuracy  better   than   10-7.

7.15.1.   Realignment   of   240   T1,1.4   rmz   coil:

Contrcil   settings:    SUPPLY   switch:    STAND   BY

1.   Connect   oscillc)scope   to   teminals   240-2   and   240-3   (ground).

2.   Adjust   240   Tl   for  tnaximun  defleccion  on   oseilloscope.
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7.15.2a      RealigTimenc   of   TCX0   frequency    (in   case   of   an   ITT   TCXO):

Control   se[[ings:    SUPPLY   switch:    STAND   BY

1.   Connect   the   counter   to   Icl   pin   1.

2.   At   apprcix.   25°   C   the   frequency   must   be   within  ±   2   Hz   of   the
nominal   frequency   11.2  }fflz   ±  the  offset   frequency   (mrked  on
the   top   of   the  metal   case).

If   the  frequency   is  I]ot  within  these  linits,   the  value  of  the  re-
si.star  R2  must  t]e  changed,   generally  with  a  lower  value.   A  resistor
can  therefore  nomally  be  placed   in  parallel  with  R2.

7.15.2b     Realigrment   of   TCX0   frequency   (in  case   of   a  Philips   TCXO):

Control   settings:   SUPPLY   svicch:    STAND  BY

1.   Connect   the  counter  to  the   Icl  pin   1.

2.   If   the   frequency   i§   higher   than   11,200.011   Hz,   the   connection
indicated  by  the  dotted  line   in  the  circuit  diagram  must  be
introduced.   (This  will  reduce   the   frequency  by  approx.   2  ppm).
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C)UTPUT

Mode   switch

INPUT

of   operationMode

t  Alartn

Transmit  Alam
Test  Alam
A3H

A3H
A3H
A3H
A3H
Transmit  Alam

§t  Alam
H

OTJr3°5fJi+°TfJ2r.°T°o

Transmit  Alam
st  Alam
H

Transmit  Alarm
Test  Alam
A2H
AI

Transmit  Alam
§t  Alam
H

Transmit  Alam
Test  Alam      .
A2H
AI

Function  Table   for   234M     IC5
32   x  bit  Prom  of   CoTitrol   Circuit   and  Tc}ne  Generators

The  MODES     Transmit  Alam  and  Test  Alam  are  only  accessible   fran
the  Remote  Control   Interf ace  and   from  the   frontpanel  MODE  Switch  in
conjunction  with  I  5000  and  on  request.
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9's   compliment

Output

Input

frq   input  rmz
in  binary  code

29

30

311

Functioa  Table   for   303  IC   3   (382  239  51)
32  I  8  bit  Prom  bibary  co  9'8  coplenent  converter  in  I)iaplay  md  keyboard

303
7-11



r-
a     n     e`'     -

c\'        ^'        ^'       al

04      03      02      01       00

10000

0001

0010

0011

0100

11

01

01

01

00

BCD   input_\
Input

" h L ul'MSDrrflTLH

1         1        0          irre levant

irrelevant

0         20   -21

1          22   -23

1          0         24   -25

1            1           26    -27

0        28   -29

1

irl.e 1 evant

0          30   -31

1          32   -33

1         0         34   -35

36  -   37   range

38   -   39

1         1         1         0           irrelevant

11111

Function   table   for   303   IC   11    +   303   IC   39   (382   239   6t)
32   x  8  bi.I   Prom  BCD   to   Binary   Converter   in  Display   and  Keyboard     303
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- - - -.- 1 - - _ _
ge Input

I
Frequel`c:Output

Address °7   06   05   °4|   03  02   °i   °o ill

999999999999999999999999999

0 111011110 0.0
1

:   :   :   :I:   :   :   :

200.0
2 400.0
3 600 . 0
4

:    :    :    81:    :    :    8
8 00 . 0

5 1000.0
6

:   :   :   :I:   :   :   i

1200.0
7 1400.0
8 1600 . 0
9

8    8    8    81:    :    ;    :
1800.0

10 2000.0
11

:   :   :   :I:   :   :   :
2 200 . 0

12 2400.0
13 2600.0
14

:   :   :   !1:   :   :   :

2 800 . 0
15 3000.0
16 3200.0
17

I     8     8     i      :18     8     I      I 3400 . 0
18 3600 . 0
19 0      011         0      OIL 3800.0
20

8     :     3     818     :     8     8
4000.a

21 4200.0
22

:   :   :   !1!   :   :   :

4400.0
23 4600.0
24 4800.0
25

:   :   i   :I:   :   :   :

5000.0
26 5200.0
27 5400.a
28

8    :    :    :18    :    :    :
5600.0

29 5800.C
30 0110        0110 6000 . C
31 0110        0110 6200.C__I--

I

L
I

i

I

I

I

i

I

i

I

i

i

I

Frequency Coverag
in  kHz

loo . 0
300. 0
500 . 0
700.0
900. 0

1100. 0
1300 . 0
1500.0
1700. 0
1900 . 0
2100 . 0
2300 . 0
2500 . 0
2700 . 0
2900.0
3100 . 0
3300 . 0
3500 . 0
3700 . 0
3900. 0
4100 . 0
4300 . 0
4500 . 0
4700.0
4900. 0
5100 . 0
S300 . 0
5500.0
5700 . 0
5900. 0
6100.0

iil
Coverage

-99.9
-299.9
-499.9
-   699.9
-   899.9
-   1099.9
-1299.9
-   1499.9
-1699.9
-1899.9
-2099.9
-2299.9
-2499.9
-   2699,9
-2899.9
-3099.9
-3299.9
-3499.9
-3699.9
-3899.9
-4099.9
-4299.9
-  4499.9
-4699.9
-4899.9
-5099.9
-5299.9
-5499.9
-   5699.9
-  5899.9
-6099.9
-  6299.9-

Funct:ion  Table   for   303   IC   9     Standard   (382   246   21)     0  -6.3
32  x  8  bit  Prow  of  the  Band  Decoder  HetDory  in  I)isplay  and  Keyboard  EE
for  I  5002.
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I
Frequency

in  kHz

6500.0   -659
6700.0   -   679
6900.0   -   699
7100.0
7300. 0
7500.0
7700.0
7900.0
8100.0   -
8300.0  -
8500.0  -
8700.0  -
8900.0
9100.0
9300.0
9500.0
9700.0
9900.0   -

10100.0   -
10300.0   -   10
1.0500.0   -   105
10700.0   -107
10900.0   -   109
11100.0   -111
11300.0   -113
11500.0  -115
11700.0   -117
11900.0   -119
12100.0   -   121
12300.0   -   123
12500.0   -   125
12700.0   -127

I                                          ____

- - - - - -I _
'erage Input

I
Frequ€Output

Address °7   06   05   °4  I   03   °2   01   00

640(I.9 0 o      11      olo      11      o
I.9I.9I.9 123

:   :   :   :I:   :   :   :

660(680(700(

).9).9 45
8    :    :    :   18    :    :    :

720(740(

).9).9).9 678

:   :   :   :  I:   :   :   :

760(780(8001

).9).9).9 91011

:   ;   :   i  I:   i   :   i

820'840860

'.9'.9 1213
:    8    8    8|:    8    3    8

880900920

'.9 14 10     0     010     0     0
).9 15

:     8     8     81:     8     8     8
940

).9 16 960

).9 17

:   :   i   :  I:   :   :   :

980

'9.9 18 1000

)9.9 19 1020

'9.9 20

:   i   i   :   I:   :   :   i

1040

'9.9 21 1060

'9.9 22 1080

'9.9 23
:     8    8    :    I:    3    8    :

1100

'9.9 24 112C

99.9 25

:   :   :   :  I:   :   :   :

114C

99'9 26 116C

99.9 27 118(

99.9 28
:     8     I     81:     8     i     8

120(

99.9 29 122(

99.9 30 1010         1010 124(

99.9                              31 1010    |1010 126(__----i--

in  kHz

.0  -6499.9

.0   -6699.9

.0   -6899.9

.0  -7099.9

.0   -7299.9

.0  -1499.9

.0   -7699.9

.0   -7899o9

.0  -8099.9

.0   -8299.9

.0   -8499.9

.0  -8699.9

.0   -8899.9
0.0   -   9099.9
0.0   -9299.9
0.0   -9499.9
0.0  -9699.9
0.0   -9899.9
0.0  -10099'9
0.0  -10299.9
0.0  -   10499.9
0.0   -   10699.9
0.0  -   10899.9
0.0  -11099.9
a.0   -11299.9
0.0  -   11499.9
0.0  -11699.9
0.0  -11899.9
0.0  -12099.9
0.0   -12299.9
a.0   -12499.9
0.0-

:¥n:t::: ;:::eo:a:h:o3a:: See::::d£:::;8:n23:s::2y :;: ;e;:;:rd E
for   I  5002.
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12900.0  -
13100.0   -
13300.0   -
13500.0   -
13700.0   -
13900.0  -
14100.0   -
14300.0  -
14500.0   -
14700.0   -
14900.0   -
15100.0  -
15300.0  -
15500.0   -
15700.0  -
15900.0   -
16100.0  -
16300.0  -
16500.0   -
16700.0   -
16900.0   -
17100.0   -
17300.0   -
17500.0   -
17700.0  -
17900.0  -
18100.0   -
18300.0  -
18500.0   -
18700.0   -

E:8i:

---------__
•verage      I•2999.9.3199.9 Input Output Frequeticy  Covi

Address 07   06   05   °4|   03   °2   01   °o 1n  kHz---I12800.0-12813000.0-13013200.0-13213400.0-13413600.0-136

01 10101010
II:     8     :     8

L3399.  9L3599.9L3799.9 234

:   :   :   il:   i   :   :
L3999 . 9L4199.9L4399.9L4599.9 5678

:    8    :     81:    8    :    8
13800.0  -13814000.0-140

:    8    :    :I:    8    :    :
14200.0  -   14214400.0-144

L4799 . 9L4999.9 910
:    8    :    :I:    8    :    :

14600.0  -   14614800.0-148

L5199.9L5399.9 1112
:    8    :    :I:    8    :    :

15000.0   -15C15200.0-152

15599.915799.9 1314
:    8    :    :li    8    :    :

15400.0   -15415600.0-15€

15999 . 916199.916399.916599.916799.9 1516171819

:   :   :   :I:   :   :   :

15800.0   -15€16000.0-16(16200.0-16Z

:    8    :    :1!    8    i    i
16400.0   -16116600.0-16(

16999.917199.9 2021 11001100
I:   :   :   :

16800.0  -16{17000.0-17(

17399. 917599.917799.9 222324

:   :   :   :I:   :   :   i

17200.0  -   17:17400.0-17,17600.0-171

17999.918199.9 2526
:     :     8    81!     :    8    8

17800.0  -   1718000.0-1818200.0-1818400.0-1818600.0-18

18399 . 918599.918799.9 272829

:   :   :   :I:   :   :   :
18999.9 30 1100 1100 18800.0  -   18

19199.9 31 110      0110     0 19000.0 - 19--___-L-
:¥n:t:°:i:a3::nf:: ::: ::a: D::::::rfei:8j :i6D::?ia;2;k-K:;i:ard  E
for  T  5002

7-'5

99.9
99.9
99.9
99.9
99.9

499.9
699 . 9
899.9
099.9
299 . 9
499 . 9
699.9
899.9
099 . 9
299.9
499.9
699.9
899.9
099 . 9
299.9
499.9
699.9
899 . 9



r=I uenc:y  Coverage
in  kHz

9300.0   -19399.9
19500.0   -19599.9
19700.0   -19799.9
19900.0   -19999.9
20100.0   -20199.9
20300.0   -20399.9
20500.0   -20599.9
20700.0   -20799.9
20900.0   -20999.9
21100.0   -21199.9
21300.0   -21399.9
21500.0   -21599.9
21700.0   -21799.9
21900.0   -21999.9
22100.0   -221.99.9
22300.0   -22399.9
22500.0   -22599.9
22700.a   -22799.9
22900.0   -22999.9
23100.0   -23199.9
23300.0   -23399.9
23500.0   -23599.9
23700.0   -23799.9
23900.0   -23999.9
24100.0   -24199.9
24300.0   -24399.9
24500.0   -24599.9
24700.0   -24799.9
24900.0   -24999.9
25100.0   -25199.9

00.0   -25399.9
00.0   -25599.9

19200.0   -19299.9
19400.0   -19499.9
19600.0   -19699.9
19800.0   -19899.9
20000.0   -2009Q.9
20200.0   -20299.9
20400.0   -20499.9
20600.0   -20699.9
20800.0   -20899.9
21000.0   -21099.9
21200.0   -21299.9
21400.0   -21499.9
21600.0   -21699.9
21800.0   -21899.9
22000.0   -22099.9
22200.0   -22299.9
22400.a   -22499.9
22600.0   -22699.9
22800.0   -22899.9
23000.0   -23099.9
23200.0   -23299.9
23400.0   -23499.9
23600.0   -23699.9
23800.0   -23899.9
24000.0   -24099.9
24200.0   -24299.9
24400.0   -24499.9
24600.0   -24699.9
24800.0   -24899.9
25000.0   -25099.9

F=ue::=vel
Ig2T66To -TT29tl

2S200.0   -
25400.0   -

Function  Table   for   303   IC   6      Standard   (382   246   S2)      19.2   -25.5
38   x  8   t)it   Proa2  of   the   Band   Deccider  Memory   in  Display   and  Key.r)Card
for   T   5002.
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1
Coverage  Iequency

in  kHz

25700.0  -2
25900.0  -   2
26100.0  -2
26300.0  -2
26500.0  -2
26700.0  -2
26900.0  -2
27100.0   -   2
27300.0   -2
27500.0   -2
27700.0   -2
27900.0  -2
28100.0   -2
28300.0   -2
28500.0   -2
28700.0  -   2
28900.0   -2
29100.0   -2
29300.0  -2
29500.0  -2
29700.0   -2
29900.0   -2

Irrelevant

-----I__
erase Input

I Ere256Output
Address 07   °6   05   °4|   03   °2   01   °o

799.9 0 111      oll      11      o
999.9 1

:    :    :    81:    :    :    8
25G

199 . 9 2 26C

399.9 3 1110         1110 262

599 . 9 4
:    :    :    81:    :    :    :

264

799 . 9 5 26(

999 . 9 6
:    :    :    81:    :    :    8

26(

199.9 7 27(

399.9 8
:    :    :    81:    :    :    8

27:

599.9 9 27(

799. 9 10
:     :    :    81:    :     :    8

27(

999 . 9 11 27!

199.9 12 1110         1110 28(

399 . 9 13
:     :    :    81:    :    :    8

28;

599.9 14 28,

799.9 15

:   :   :   :I:   :   :   :

281

999.9 16 28(

199 . 9 17 291

399 . 9 18
:    :    :    81:    :    :    8

29`

599.9 19 29,

799 . 9 20

:   :   :   !l:   :   :   i

29

999 . 9 2122 29

2324
:    :    :   :li   :   :   i

25 1111         1111
2627

:   :   :   :I:   :   :   :
2829

:   :    :    :I:   :   :   :
30 1111         1111
31 1111         1111____--

-26299.9
-26499.9
-26699.9
-26899.9
-27099.9
-27299.9
-27499.9
-27699.9
-27899.9
-28099.9
-28299.9
-28499.9
-28699.9
-28899.9
-29099.9
-29299.9
-29499.9
-29699.9
-29899.9

:  ::!::::   I
-2e99?.9    I

600 . 0
800.0
000 . 0
200.0
400.0
600 . 0
BOO.0

000.0
200.0
400 . 0
600.0
goo.0
000 . 0
200.0
400 . 0
600.0
800.0
000 . 0
200.0
4 00 . 0
600.0
800 . 0

Irrelevant

3:n:t:a:i:a3::nf::  :3: ::n: 3::::::dM::L2±: S::p.:;.:n= i:;:oard E
for  I  5002.
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'-FrTquTncrc=erTge-
]

I--i=kHLi ---0.0

I       ::88:3:;:::::

I     1!:88:8  :   i::::::

I I I e 1 e v a r\ t

16000.0   -17599.9
19200.0   -20799.9
22400.0   -23999.9
25600.0   -27199.9
28800.0   -30399.9

Irrelevant

1600.0   -3199.9
4800.0   -6399.9
80C)0.0    -9599.9

11200.0    -12799.9
14400.0   -15999.9

Irrelevant

17900.0    -19199D9
20800.0   -22399c9
24000.0   -25599.C)
27200.0   -28799.9

IrrelevantI isabling

Input Output
Address 07   06   05   04   03   °2   °i   °o

0 00111100
1 10111101
? 10111110
3 10111011
4 10110110
5 00111110
6 00111110
7 00111110
8 10110111
9 10101110
10 10101111

11 10011110

•i 10011111
0       0111110

14 00111110

15 00111110
16 10111100

lit

I       0       1        1       1.        1       0       I

10111010
10111011

10110110

Ij!
00111110
00111110

iJ3i;: 00111110
10110111
10101110
10101111

37 10011110
28 00111110
29 00111110
3u 00111110
31 00111110

::n:ti°:i:a:::nf:::3:::n:6Desctoadnedrar[dn(D3£8s2p[2a3y9a7n2d)Keexycb[o.arTEE.
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Frequency  Coverage
in  kHz

0.0
3200.0   -4799.9
6400.0   -7999.9
9600.0   -11199.9

12800.0   -14399.9

Irrelevant

16000.0   -17599.9
19200.0   -20799.9
22400.0   -23999.9
2S600.0   -27199.9
28800.0   -30399.9

Irrelevant:

1600.0   -3199.9
4800.0   -6399.9
8000.0   -9599.9

11200.0   -12799.9
14400.0   -15999.9

Irrelevant

17900.0   -19199.9
20800.0   -22399.9
24000.0   -25599.9
27200.0   -28799.9

IrrelevantI isabling

Input Output
iiiii

Address 07   06   05   04   03   02   01   00

0 1 0 1 I 1 1 0 0
1 1 0 I I 1 1 0 1

2 1 0 I 1 1 1 1 0
3 1 0 1 1 1 0 1 1

4 1 0 I 1 0 1 1 0
5 0 0 1 I 1 I 1 0
6 0 0 1 1 1 1 1 0
7 0 0 1 1 1 1 1 0
8 1 0 1 1 0 1 1 i
9 1 0 1 0 1 I 1 0
10 1 0 1 0 I 1 I 1

11 1 0 0 1 1 1 1 0
12 1 0 0 I 1 1 1 1

13 0 0 1 1 1 I 1 0
14 0 0 1 1 I 1 1 0
15 0 0 1 1 I 1 1 0
16 I 0 1 1 1 I 0 0
17 1 0 1 1 I 1 0 I
18 1 0 1 1 1 0 1 0
19 1 0 1 I 1 0 1 1

20 I 0 1 1 0 I 1 0
21 0 0 1 1 1 1 1 0
22 0 0 1 1 I 1 1 0
23 0 0 1 1 I 1 I 0
24 1 0 1 1 0 i 1 1

25 I 0 1 0 1 1 1 0
26 I 0 1 0 1 1 1 1

27 1 0 0 1 1 1 1 0
28 0 0 1 1 i 1 1 0
29 0 0 I 1 1 1 1 0
30 0 0 1 1 1 I 1 0
31 0 0 1 I 1 1 1 0

Function   Table   for   303   IC   16     Speciel   (382   239   82)   incl.   RE
32   x  8  bit  Prom  of   the  Band  Decoder  in  Display  and  Keyboard   EE  .
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8.   PARTS LIST AND CIRCUIT
DIAGFIAMS

8-1.

8.2.

8.3.

8.4.

8.5.

8.6.

Numbering

An   identif ication  number   bet+7een     207     and     303     is   assigned  to
each  module.   The  designation  of  a  component  or   terminal   incl.udes
this  nulber  as  a  pref ix  -  e]canple:     207R3   (resistor  R3  on  mdule
207   ),   or  207-12   (temiaal   No.12   oa  module.    207   ).

Switches

Switches  with  stops  are  §houn  in  the  extreme  anticlockwise  position.
the   BANI)   switch   is   shorn   in  the   BANI)  K  position.

Switch  wafer  No.   1   is   the  wafer  nearest  to  the  front  panel,   and
the  front  side  of  a  wafer  is  the  side  facing  the  froat  panel.

Terminals

Locat:ions  of  teminals  appear  from  the  component  location  drawings.
On  the  circuit  diagrams,   each  terminal   is   identified  by  a  number
and  in  nose  cases  by  all  explanatory  text.   In  addition  to  this,   the
number  of  tbe  nodule  and  [erninal  Co  which  the  lead  is  connected
is   indicated   (exanple:     244  -12).   trhere  ititerconnections  consist
of  coaxial  cableg  only  the  nuihber  of  the  teminal   i6  given  to  which
the  inner  conductor  of  the  cat}le   is  cormected.

Voltages

Typical  DC  voltages  are  indicated  on  the  circuit  diagrams  next  to
the  points   ta  which  they  refer  and  are  marked  with  a  "V''.
Typical   logic   levels   are   indicated  in  a  bracket   (LOW/HIGH)   on  the
circuit  diagrans  riexc  to  the  point  to  which  they  refer  and  are  narked
uich  a  ''v''.

Typical  AC  voltages  are  likewise   indicated  oti  the  circuit  diagrams.
They  are  narked  vich  "Vpp"  or  "nvpp`'.

For  meaguring  conditiot)a   See   Chapt:er   7,

Test  Points

Location  of  test  points  is  shorn  on  the  conponeat  locatiotl  dravitlgs.
Typical  voltage  ac  each  test  point  is  indicated  on  the  circuit  dia-
8ran.

bolE 1anacioh

8.6.1.     Logic   circuits:

A  smll  circle  at  an  external  input  meaa8  Chat  tbe  gpecific  iapuc
is  active  LOW,   i.e.   it  produces  the  desired  function  in  coajunccion
with  other  inputs  if   its  voltage  is  the  lover  of  the  two  logic  le-
vels  in  the   system;   otherwise  the  specif ic  itlput  is  HIGH
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A   small   circle   a[   a   clock   input   ".eans   that   the   out:puts   change   on
the   HIGH   Co   LOW   clc)ck   transition.

A   small   circle   a[   an  output   indicates   that   when   the   functic)n  de-
signated   is   true      the   c)iitpuc   is   LOW.

Inputs   and  outputs   are   labelled  v.'ith  mnemonic   letters   as   described
in   table   8.6.1.

8.6.2.      Logic   Functions:

Logic   functions   are   labelled  with  [memonic   letters   in   a  bracket.
An   active   LOW  function   is   given   a  bar  over   the   label.

More   logic   functions   may   be   comected   by   means   cif   the   principles
of   Boolean  Algebra.

8.6.3.       Arrows:

A  black  arrow  on   a   liTie   indicates   in  which   direction  an  AC-signal
f lows ,

A  white   arrow  on   a   liTie   indicates   in  which  direction   the   information
of   a  DC   signal   flows.   An   exception   from  this   rule   is   the   supply
lines   and   their   connections,   which  are   always   indicated   by   a
supply   voltage   level   or   its   associated   label.

Pc)sicive   supply   line:        Example

Negative   supply   liTte:        Example

Connections   to   supply   line:        Example

8-2
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Label Short   for Meaning

Ix InputData Iriputs   tc)   combinatorial   circuits

J,K Inputs   to  JK  flip  flops

Dx Inputs   to  D  flip  flops   and   latches

S,RPx Set,   ResetAddressEnable Inputs   to  JK  and  D  flip   flops,
latches,   registers,   and  counters;
R  resets   output   to   LOW;   S   sets
output   to   HIGH

Inputs   tc)   registers   and  counters

AxE Inputs  used  for  selection  of  an  in-
put,   output,   data  route,   or  memory
location:°:::::1:npu"Sed  to  §ynchronous|y  )loadinformat:ioninparallelinto

PEMRCLCP Parallel   EnableMasterResetClearClockPulse

IInputwhichresetsasynchronously

all  outputs   to  LOW,   overriding  all
other   inputs

Input  which  resets   outputs   to   LOW,
but  does  not  override  all  other
ir,putsControl   inputs   to  counters

CE,    CEP,     GET Count   Enable

Ox OutputTerTninal   Count Outputs  of  combiriacorial  circuits

Qx Outputs  of   sequential  circuits

TC (Output  of   a  counter   indicating
1111   for   up   binary   counters,   tool
for  up  decimal  counters,   or  0000
for   down  counters) .

Table   8.6.1.
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8.7. A-D 'D r e i,- i a I i a n s

.-\

C

Car.
Cer.
D

F
FS
H

IC
k
L
LS

lin,
log.

.\'P0
h- 1 i C)

h'TC
i)

PL
Po lye s .
Po lvs t .
PTC
R
Rh'

=   anpere,    ar`i?eres
=   capacitor
=   carbon
=   ceramic
=   diode
=   f arad
=   f use
=   henry

:  i:::8::I:83Circuit
=   inductor
=   1ctudspeaker
=   linear
=   logarithTnic
=  milli   or   |o-3
=   mega   or   |o6
=   instrument
=  metal   i ilm
=  nlca
=  metallized   paper
=   micro   or   10-6
=   nano   or   10-9
=   temp.    coeff icient:   0
=   temp.    coeff icien[   -150

=   :::;   ::mE6_F2eff LCLent
=   connector    (plug)
=   polyester
=   polystyrene
=   pos.    temp.   coeff icient
=   resistor
=   resistor   network

RL                  =   relay
S                       =   switch
SK                   =   connector    (socket)
SL                      =   |a@p
T                    =   transformer
Tan               =   tantalum  electrolytic   capacitor
TR                 =   transistor
V                      =   working   voltage   I)C   or   vc)1ts
V1...            =   valve
Vac.               =   working   voltage   AC
\'ar.              =   varia'Dle
Vpp                 =   peak   to   peak   vc)ltage
Varicap     =   variable   capacitance   diode
ww                   =   wire   wound
W                      =  watt,   watts
W.alun.      =   fu.et   aluminium   electrolytic
X                   =  crystal,   crystal   osc.   or  crystal   filter
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PARTS   LIST

500C1-4
C5

SI
S2

SKI
SK2

992   330   02

10nF
47nF

FOR

A
-20/+80?
-20/+80?

8-5

602   410   00
601   447   00

572    200   15
372   200    25

751   000   03
750   000   12



P_-`JtTS   LIST

F|`R

50|C|-+
C5-I
C8
C9-10
Cll-23

C24-25
C36
CJ7-29

50|D1

501IC1-2
IC3
ICJ
IC5
IC6

501L|-8
L9-10
LIL-|8
L|9
L20

L2|-25
L21
L=5

L26

50|PLI
PL2
PL3

3 0 1 RI
R2-3
R4 - 1 1
R12
R15

RII
RI5

50|SKI
SK2
SK3-4
Sh,5

SK6-7
SK8
SK9

TR| - 2

992   350   02 8-6

0'|u
10nF

0,22   uF
1uF
0 , 1uF

47nF
22uF
0 , 1uF

lu43

)IA7 812
Sh7416
7+LS357
}IA7 8 0 5

S\'7+S196

32   Way
64   Way
64   Way

BC547B

|00Y
i()0\-

63V
|00V
|00V

100V
15V

100V

12V

Pc,1y.es
Pol\.es
Polyes
Polyes
Polyes

Polyes
Tan
Polyest

RF-Choke
RF-Choke
RF-Choke
RF-Choke
RF-Choke

RF-Choke
RF-Choke
RF-Chcike
RE-Choke

850   014   30

751   000   10
751   000   77
751   000   25

840   0S4   70



p.mTs   LlsT

FOR

214C|-5
C4-5
C6-8
C9
C10

C16
C17
C|8
C19
C20-21

C22

C23-25
C26
C27
C28

C29
C30-31
C32-35
C37
C38-45

C44

244D1-6

D7-9
D10-14

244ICI
IC2
IC3

244LI
L2

992   245   33

1S920

AA217
1S920

C,us 04 6
Livfl496
CA3046

100  |m
4.7   |H

logo

10Oo

1006

logo

8-7

|00V
|00V
|00V

15V
|00V

63V
|00V
|00V
125V
|00V

Pc,|yes
Pc)|yes
Polyes
Tan
Polyes

Tan
Polyes
Polyes
Tan
Tan

Tan
Polyst .
Polyes
Polyes
Polyes

Pc,1yes
Polyes
Polyes
Polyst .
Polyes

Polyst .
Polyes
Polyes
Polyes
Polyes

Polyst . 614   318   00

830   192   00

830   001   70
830   192   00



p.mTs  LlsT

FOR

2i4C1-3
C4-5
C6-8
C9
C10

C16
C17
C18
C19
C20-2|

C22
C23-25
C26
C27
C28

C29
C30-5|
C32-55
C37
C38-43

C44

244D|-6

I)7 -9
D10-14

244ICI
IC2
IC5

244LI
L2

992   245   35

1S920

JIA217
1S920

CJng046
nfl496
CA3046

100  uH
4.7   |irl

loo,o

|OOo

log

10?

8-7

100\-
|00V
|00V

1 5\,'
|00V

63V
|00V
|00V
125V
|00V

Polyes
Polyes
Polyes
Tan
Polyes

Tan
Polyes
Polyes
Tan
Tan

Tan
Pc,1yst.
Polyes
Polyes
Polyes

Polyes
Polyes
Polyes
Polyst .
Polyes

Polyst .
Polyes
Polyes
Polyes
Polyes

Polyst . 614   318   00

830   192   00

830   001   70
830   192   00



+PidTS   i=ST

=\_`F\

\'ar .
SOU

S06

S`,6

50o

ill0   lit,:
I:l\  ut]
10(1   url

JIJi3
iJ
L5
L6

I+iR1-2
R5
R+
R5
RO

R7
R|O
R||-12
R15
R|+

FJI EI

R:6-:T
R=S
R2'j
RSO



PARTS   LIST

FOR

A
1/3W
I/TIN
1/3W
1/3W

8-9

244R40
R41
R42
R43
R44

R45
R46-47
R48
R49

R60
R61-62
R63
R64
R65



I.UTS   LIST

Fl`'R

: i i RS 0
RS|
'\1\:

R85
RBJ

Res-86
R87
R88

2+4RL1-2

24ill

=JITRI
TR2
TR5
TRi-5
TR6
TR7

=1+X1
\2

loo   c)hm
+22   ohm
100   ohm

i  change  over

Coil

BC 5 i 7 a
J112
BC5S7B

BC5+TB
BSX20
BC5J7B

LSB   Filter
USE   Filter

5Oi

loo

5?

12V  Coil

1    kc)hm
1.+   }Hz

8-10

1 /' 5W

1/
1/5T,,-

1/3'w-

1//5W'

I/3W'
1/3','
I/3W

OIL 780   000   25

102   104   82



PARTS   LIST

FOR

ERIRI

Polyes
Polyes
Polyst.
Polyes

Polyes
Polyst
Polyst
Polyst
Polyst

Polyes
Cer
Polyes
Polyes
Cer

Polyes
Polyst
Polyes
Cer
Polyes

Polyes
Polyst
Polyes
Polyst
Polyes

Polyst
Polyes
Polyes
Polyes
Polyes

Polyes
Polyes
Cer
Polyst
Polyst

8-11

C17-22
C23
C24-25
C26
C27

C28
C29
C50
C31
C32-33

C34
C35
C36
C37-38
C39

992   330   32



p.mTs   LlsT

FOR

502C5|
C52

C53
CS4

C55

C66
C67

C:68

C69
C?0-71

CT2

C75
C71
C75-76
C77

C78
C79-80
C8|
C82

5021)1-5
D6
D7-17
D|8-19
D20-21

302ICI
IC2
IC5
IC4
IC5

5.5   pF
|8pF
S2pF

0 . + 7uF
22pF

51pF
0 . 2 2uF

10    rLF

560   pF
0.1   uF

0 . 2 2uF
10nF

0.i  uF
10nF

0.1   LIE

0 . 2 2uF
2.2   |iF
0.i  uF
0 . 2 2uF
10nF

5|pF
10nF
22uF

0 . 22uF
0.I   uF

10   riF
0.1   LIE
47nF

0.47ur.

1S920
AAZ i 7
|S920
88109
|S920

CA5046
74LS145
74LS290
74LS14S
74LS00

±    0,:5OJ

Si`

loo

109'
±    0,2506

8-12

ter
Cer
Polyst
PO1),es
Cer

Cer
Polyes
Polyes
Polyst
Polyes

Polyes
Polyes
Polyes
Polyes
Polyes

Polyes

Polyes
Polyes
Polyes

Cer
Polyes

Polyes

Polyes
Polyes
Pc,|yes
Polyes

623   410   00

605   151   00
623   410   00

622   522   00



p,onTs  LlsT

FOR

740   210   00

8-13

74S74
Clyfl

74S165

lou
100u



p.mTs   LlsT

FC)R

30:R=S
R29
R30
R31
R52

R15
R4+
R+5-i6
R+7
R48

R54
R55-56
R57
R58
R59



p[unTs   LlsT

FOR

SOL   156   00Cer

I/3W
1/3W
i/5W
I/3W
1/3W

I/3W5%

8-15

56  oho

302R69
R70
R71
R72
R73

R112



P.HRTS   LIST

FOR

302R=8
R=9
R30
R5|
Rj2

R+5
R4J
Ri5-i-6
RJ7
R48

R54
R55-56
RS7
R58
R59



PARTS   LIST

FOR

501   1S6   00Cer1/3W5%

8-15

56  olm

302R69
R70
R7|
R72
R75

R112



p.mTs   LlsT

FOR

501   510   00
Sol   182   00

780   000   25

530   000   05

102    211    51
102   2+3   01

1/J"1/"

1   Change  Over   12Vcoil   14  pin  OIL

8   pin                 SIL

8-16

7xl0   kohm

Coil
Coil

5 0 : fl 1 5
R||J
RI15
RI16
R|1?

502EL1-2

5 0 I R\,' 1 - 2

TI
T2-5



PAIITS   LIST

FOR

8-17

385   201   42

BCS47B

BSX20
BFW17A
BF240

BSX20
E310
BFW17A
BSX20
BF240

BC547B
BSX20
BF240
BSXZO



p<mTs   LlsT

Polyes.
Polyes .
Polyes .
Polyst.
Polyes .

Polyes .
Polyes .
Polyst .
Polyes .

AAZ 1 7
BZX7gc4V7
1S920
AAZ17
1S920

AJu 1 7
1S920
B ZX79C4V7                         Zener

7416
74LS|0
74LS00
7416
74188A        (progTa]med)

74LS52
lJVI496
32   Way

1   kohm
2.2   kohus

1  kohm
1.82   kohlTrs
6.81   kc)hue

D14
D15-27
D28

:54ICI
IC2
IC5
IC4
IC5

IC6
IC7
PL

234R  1-   7
R8
R9
R10
R||
R12
R15
R14
RIS
R16-18

992    245   81



PARTS   LIST

FOR

::.\
E5002



P,mTs  LlsT

foR

E5002

8-20

Transformer
Transfomer
TI.ansfomer

BC558B
BC547B
BC558B
BC547B
BC558B

BC547B
BF245B

`,.34R71
R72
R75
R74
R75

R76
R77
R78
R79-80
R81

2S4T   1
T2
T3

2S4TRl-   3
m4-6
TR7
TR8
TR9-10

"1-14
TRI5



PARTS   LIST

FOR

•i`-.
E5002

207C   1-   3
C4
C5
C6-9
C10

Cll-12
C13
C14-15
C16-17
C18-19
C20
C2|

207ICI
IC2
IC3
IC4
ICS

IC16
IC17
IC18
IC19-20
IC21-22
IC23

207L   1-   2

207PL   1

207R   1
R2
R3
R4
R5

992   245   41

74LS74
74H30
74LS20
93S10

74S32
74LS160
74LS95
74LS00
74LS02

93S10
741.S90
74LS160
93S10
741.S160

74IS  90
74163
74LS30
74LS00
7426
74LS02

loo  tin
64  Way

lot

-20/+80t
-20/+803

-20/+80S
-20/+80t
lt
1$

lot
-20/+80%

1%

RF-Choke

Polyes .
Cer,
Cer,
Cer.
Cer,

Cer.
Cer,
Polyst.
Polyst.

E:i?es.
Polyst.

740   210   00

7S1   000   22



PARTS   LIST

FOR

ES002

8-22

R21
R2 2 - 2 4
R2S-26
R27
R28

R29
R50
R51-32
R33-37
R38

R39
R40

3r    '`Rl
fR2-   3
TR4
TR5-   6



Gel. .
Polyes .
Cer.
Cer.
Polyes .
Cer.
Polyes .
Cer.
Polyes .
Polyst .
Cer.

58I?:S:
Polyst.
Cer.

Polyst .
Cer.
Polyst .
Cer.
Polyst .

Cer.
Polyst .
Polyes .
Cer.
Polyst.
Polyes .
Cer.
Polyes .
Polyes .
Polyst .

PARTS   LIST

FOR

i'
E5002

-20/+809o

log
-20/+80%
-20/+80eo

lot
-20/+80%

lot
-20/+80%

log
1%

-20/+809o

log
lot

leo
±0.25   pF

8-23

780S
74LS13
74LS73
1496
74LS13

74490
74LS95
74LS20
74LS00

C25
C26
C27-28
C29
C50

IC6
IC7-|O
IC|1
1C12

992   245   5  2



P,1RTS   LIST

FOR

.i
ES003

8-24

Sol   510   00
Sol   S56   00

105    219    21

840   002   00
840   0Si    TO

Transformtor

BSX20
BC547B

208R35
Rj6
R37
R38
R59

R40
R41-44
R45
R46-47
R48

R49
RSO

208T   1

3 0 8TRI
TR2-   5



PARTS  LIST

FOR

.::...,,i

£5002

751   000   20

RF-choke
Coil
Coil
Coil
Coil
RF-Choke

1/3W
1/3W
I/3W
1/3W
1/3W

1/3W
1/31,I
1 / rJN
I/3W
1/31\'

1/5W'

8-25

log

74121
74LS13
74LS00
74LS03
7416

100  un

1.2   kohms



P,i\RTS    LIST

i,   `,1`

E5002

Cll
C12

C15

Cll-16
(` 1 i - 1 9

C=0-2|
LIZ
C`=3

C34

C25

C26
C3T-29
C30
C:.1
C32

C55
C54
C3S

C36
C57-38

(`39
CJO-JI
C12
C43
C44

C45
C46
C4T

C18
1` 4 9 - 5 0
C51

C52

rs5

992    245   61

250V
loov
250V
250V
:50V

400V
1 6\,'
16V
16V

: .i r)V

i o o\,I
: S O\'
10m'
2 5 0\/
: r, 0\,`

:SOY
2 5 r7V

250V
500V
400V

10?                             250V
10?                               250V
-2n/+80q,                32\/'

1%                                500V

log                           250V

16V
-20/+80Qo                 32\'

10?,                                 £5()Y

10?,                           |00V
10?,,                              250V

-=n/+Qtl€,                   16\J.

10Oo                                   I 5r)\r
_2n/+8oo`                32v
-20/+80.'o                  i,:1\'

1006                                  J50\'

lr)Q,                                  100V
-20/+80,J                   161,-

-20,/+8r,?.,                  1C,\'

8-26

Polyes .
Polyes .
Polyes .
Polyes .
Polyes .

Polyes.
Polys t .
Polyst .
Cer.
Polyes.

Cer.
W.alun.
W. alun .
W . a lur .
Poly.e s .

CeT.
PO1).es  .
Polyes .
Polyes .
Polyes .

Polyes .
Polyes .
Polyes .
Polys t .
Cer,

Polves .
Polyes .
Cer.
Polyst .
I,olye5 .

W . a 1 un ,
CeT.
Polves .
Polyes .
PO lyes .

Cer.
Polyes .
Cer,
Cer.
I,o 1 y e s .
Polyes .
Car.
C,|r.



PARTS   LIST

FOR

.I:..:._

850   030   10

RE-Choke
RF-Choke
Coil
Coil
RF-Choke

Zener209D   1-   2
D3
I)4
D5-6

209IC|-  4



P.IfiTS   LIST

FOR

^\
IHEH..

i/
I/
1/3Th'

1/

Transformtor
Transfomtor

8-28

BF240
BSX20
BC547B
BSX2 0
BC547B

=09R40
R41
R42
R45
R44

209T   1
T2

ZO9TRI-   4
TRj
TR6
TR7
TR8



PARTS   LIST

FOR

:\
E5002

PO lyst .
Polyst .
Cer.
Polyes .
W.   alun,

W.   alun,
Cer,
Polyes.
Polyst .
Polyes .

Cer,
Cer.
Polyes .
W.alun.

W.alun

W.alun,

Po lyst .

Polyes .
Cer.
Polyes.
Polyes.
Polyes .

Cer.
Polyes .
Polyes .
Polyes .
Polyes .

Cer.
Polyes.
Polyes .
Cer.

8-29

3.3   pF
47pF

0.I   uF
100  uF

(4 . 5-26) pF

100  uF
(4 . 5-26) pF

loo  uF
(4 . 5-26) pF

loo  pF

210C   I
C2

C3
C4-6
C7

C8
C9
C10-11
C12
C15-15

C16-|8
C19
C20-22
C25
C24

C25
C26
C27
C28
C29-31

C32-3S
C36-38
C39
C40
C4|

C42
C43
C44-45
C46
C47

992   245   71



p.mTs   LIST

FOR

ES00:

751   000   20

RE-choke
RF-choke
RF-choke
RF-choke
Coil

Coil
RF-choke
RF-choke

J10R   I-   2
R3
R4
R5
R6

R7
R8
R   9-10
Rll
R13-14

RIS-16
RIT-18
R|9-20
R21-23
R2 4 - 2 6

R27
R38
R29-S0
RSI
R52



PARTS   LIST

FOR

.::;;.

E5002

8-31

501   315   001.5  kohus

BFX   89
BC547B
BC577
E310
BC547B

BSX20
BF240
BFW17A
BSX20



P.IRIS   LIST

FOR

E5002

8SO   749    31

740   Z10   00

105   21S   71

840   024   00
840   002   00

811   000   01

Cer.
Polyes .
Cer.NIS0
Cer,
Polyes .
Polyst.

Car.
Car.

RE  Choke

11.ZRETRE

-20/+80¢a

lot
5%

-20/+80%

lot
19d

TCXO

8-32

47hF
0.1   uF
47pF
10nF

0.1   tlF

3.3  nF

7493

BF240
BSX20

OSCILIATOR

240IC   1

240L   1

240T   1

240"-  2
TRI
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