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GENERAL  CHARACTERISTICS
ELECTRICAL

Filament:   Thoriat®d  tungsten

Voltage---------
Current---------

Grid-Screen   Amplification   Factor   (Avorig®)   ----
Direct  lntor®loctrod®  Capacit.ncos   (Av®rago)

Grid-Plate--.-----.
Input-.-------

Output---------
Tr.n.conduc+anco  (lb=100  rna.,  Eb=2500V..  E..2=500Y.)          -          -

Fr®quoncy   for   Maximum   Reting§        ------

MECHANICAL
Base-----.-.

R®commonded   sochot         ----.

Basing-.----..

Mounting   position       -----.

Cooling----.--.
Rocomm®ndod  Hoot Dissip.ting  Plato Conn®ctor

Maximum   Tempera+uro  of   Ba§o   end   Plate   S®al§

Maximum   over-all   Dim®n§ions   ----

Not  weight       ---.--
Shipping  Weight

5.0   yol+s

14.5    dmp®r®s
-5.I

0.12   prll'

12J  p.Ill
.S  111' I

4000  prmhos
-    Ilo  Mc,

5-pin    m®+dl    §h®ll

E.   F   Johnson   Co.  socko+   No.122-275,
National  Co.  No.  HX-loo,  or  oquivalont.

-----     S®®   drawing

-          -Yortical,   base   down   or   up

-          -            Radi.tion  and  forced  air
-----      Eimac   HR-6

Base   Seals
Plate    S®al

Length

Diameter

2000   C.
1700   C.

6.38   inches
3.56   inches

8.0   ounco$

2.0   pounds

gri:a:bj::Picndd's:?®eer:t'v°on,tadga®t.a,ta:e„,bba:efou:a;h°antd';tf:°t|;s°pfro:8fuu§:in?S!:fio';'ed9.r:€h:rr!Y®wit|?aosi:tc:eSariLati:nci:r®;i.w:ra!:#;nu:tnob:j*°ed®nc°,nudb!!!,°n®Sv.°nf
though   there   may   b®   some   variation   in   grid   and   Scre®n   currcnt§.   Where   grid    bias   is   obtained    pri cipally   by   mean.   of   a   grid   reSi!tor.   to   control
pl.te   current  it  is  necessary  to   make  the   re.istor  adiustabl®.

RADIO-FREQUENCY  POWER  AMPLIFIER
AND  OSCILLATOR
Class-C  FM   or  Tolography

MAXIMUM   RATINGS

D-C   PLATE   VOLTA6E`
D-C   SCREEN   VOLTAGE
D-C   GRID  VOLTAGE      -
D-C   PLATE  CURRENT    -

PLATE   DISSIPATION        -

SCREEN    DISSIPATION

GRID    DISSIPATION         -

(Key-down  condi+ions.   I   tube)

•          -          -          4000   MAX.   VOLTS
•          -          -             600   MAX.  VOLTS
---- 500   MAX.  VOLTS
-          -          -             350   MAX.   MA

-          -          -             250   MAX.  WATTS

35   MAX.   WATTS
10   MAX.  WATTS

TYPICAL  OPERATION (Fr®qu®ncies   below   Ilo
D-C  P,at.    Vo,t.g®          ---.
D-C  screen   voltage        ----
D-C  Grid    Voltag .----
D-C   plat.    Cuir®n+           ----
D-C  scie®I`   Cuir.nt        ----
D-C  Grid    Curr.nt          ----
Sci®on    Di.sipation            ----
Grid     Dissipation               ----
P.ak   R-F   Grid    Input   Voltage   (oppiox.)
Drivinqpow.I(®pprox.)2       .         .         .
Plate     Power    Input          ----
Plate   Dissipation     -----

Plate   Power   output       ----

PLATE-MODULATED  RADIO-FREOuENCY
AMPLIFIER
Class-C   Tolephony
(Carrier  conditions  unless  o+l`orwis®  spocifi®d,I   +ub®)

MAXIMUM   RATINGS

D-C   PLATE   VOLTAGE'
D-C   SCREEN   VOLTAGE
D-C   GRID  VOLTAGE      -

D-C   PLATE  CuRRENT    .
PLATE   DISSIPATION        .

SCREEN     DISSIPATION

GRID    DISSIPATION

3200   lvlAX.   VOLTS

boo   MAX.   VOLTS
-500  MAX.  VOLTS

275   MAX.   MA

165   MAX.   WATTS

35   MAX.   WATTS
10   MAX.   WATTS

(Effect;ve   7-15-55)    Copyright   1952    by    Eitel-Mccullough,    lnc.

TYPICAL   OPERATION (Frequencies   below   Ilo
D-C   plate  voltag®       -----.
D-C   scr®®n    Yoltag®               -----
D-C  Grid   Voltage        ------
D-C   pldt®   Current       ------
D-C  sci.®en    Current              -----
D-C  Grid   current       ------
Peak   A-F   Screen   Voltaq.   (100%   modul.lion)
Screen   Dissipation        ------
Grid    Dissipation            ------
Peak    R-F   Grid    Input   Voltag®    (®pprol.)
Driving   power    (approl.)             -         -         -
Plat®   Power   Input
plato    Dissipation
Plato    Power    Ou+put

!Above   Ilo   Mc.   the   maximum   plate   voltage   rating   depends   upon   frequency.
See    page   four.

!Drivina   power   increases   above  40   Mc`   See   o®qe   four.
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AUDIO.FRE®UENCY  POWER AMPLIFIER
AND MODULATOR-LASS AB
MAXIMUM   RATINGS   (PER  TUBE)

D-C   PLATE  VOLTAGE    -          -          -
D-C   SCREEN   VOLTAGE          -          -
MAX-SIGNAL  D-C  PLATE  CuRRENT
PLATE   DISSIPATION        -           -           -

SCREEN    DISSIPATION              -           -

GRID   DISSIPATION          -           -           -

TYPICAL   OPERATloN   CLASS   A8,

(Sinusoidal   way.,   t`^ro  tubes   unl®S.  otherwise  sp®cifi®d)
1500          2000          25cO
600             600             COO-95    -'04    -Ilo
120                I  10                Ilo
400           405           430

-a.4     -0.3     -a.3
23                 22                 13

62sO           9170       11,400

«           88           90
000

145               175              225
310            460            625

4             2.5                 2

250    w®t's
750    watts
2.5    p.,  cent

`2¢g:u:tff:°crti;teatgerqdz.:ff:i;i?nr:'sispt'aa;:ecLr::tnt;otexceed25o,oo0ohms.

-------    4000   MAX.VOLTS
-------       boo   MAX.VOLTS
-          -          ~          ----       350   MAX.   MA
-------       250   MAX.   WATTS
•------         35   MAX.  WATTS
-------          lo   MAX.WATTS

TYPICAL   OPERATION   CLASS   A82

(Sinusoid®l  wave,  two  tubes  unlesS  otherwise  specified)
1500         2000         2500         3000     volts
BOO            300            300            300     volts

-48       -48       -51       -53   volts
loo               120               120               125      rna
485            510            500            473     rna

0               0               0               a    me
34              26              23               33     rna

5400          8000       10,900       16.OcO     ohms

6           „         loo           „    volts

2.I               2.3              2,2               I.9     watts
4.7             5.5            4,8            4.6     watts

150              185              205             190     watts
428            650           840          1040    watts

3               4               4            4.5     per   cent

lF   IT   IS   DESIRED  T0   OPERATE  THIS   TUBE   UNDER   CONDITIot`ls  WIDELY   DIFFERENT    FROM    THOSE    GIVEN    UNDER    ''TYPICAL    OPERATION",    POSSIBLY
EXCEEDING   THE   MAXIMUM    RATINGS   GIVEN    FOR   CW   SERVICE.   WRITE   EITEL-McCuLLOuGH,   lNC.,   FOR   INFORMATION   AND   RECOMMENDATIONS.

APPLICATION

Mecltanical

¥r®ubna'sjenouT.ThT®he4-s2o5c°[:+mmuus:+bb®e::::ttreudct::rtsj:a|'¥'t:a::,a:a::
unimped®d  flow  of  air  through  the  holes  in  the  base  of  the  +ube

:nuld.nTsui:;:'S+°hepcr::i::ofc'+ehaerabndcs°..fT°hrot+huebo-gs'ha::idt;E:Off;:nhtj:5
above   the   chassis   dock   to   allow   free   circulation   of   .ir   in   +h®
manner    shown    in    the    mounting    diagram    below.      The   above
requirements   are    met    by   the    E.    F.   Johnson    Co.   socket   No.
122-275,    +he    National    Co.    socket    No.    HX-loo,    or    a    similar
socket.

aHnR:-6:|¥e}x°t.D:i;:i,;ea:jiri:gug,t:Sltar:ipho6ho:nuun;:ec+tin:us::°b::hde°pdrp!::a:ttwete:°rn7;t:ha£
Severe   vibration   end   shock.

4-250A   moun+:ng   providing   base   cooling,   st`ielding   .nd   isolation
of  ou+pu+  and   input  compar+men+s.
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}:n¥!#v=|:g:quo:teth:OOJj.2goATus;+b:rezruoevn!::ee::Obrovtehe36eMa::

cooling   air   in  the   amount  o{  five  cubic  feet  per  minute  through
+he   base  of  the  +ube  is  required.  This  quanti+y   is  obtained  when
the   pressure   drop   across  +he   base  of  the  +ube   is   equal   to  0.20
incFi   of   water   column.    At  frequencies   below   30Mc  the   volume
may   b®   reduced  to  two   cubic  fee+   per  minute.   At  this  reduced
air    flow,    +he    pressure    drop    is    equal    to    0.10    inch    of    water
column.       Base-cooling     air     should     be     applied     simultaneously
with   filament    power.     The    tempera+ure    of   the    plate    seal,    as
measured  on  the  top  of  the  plate  cap.  should  not  exceed   170°C
in   continuous-service   applications.

A   rela+ively   slow   movemen+   of   air   pas+  tlie   tube   is   sufficient
to   prevent  a   plate   seal   temperature   in   excess   of  the   maximum
ra+ing    at   frequencies    below   30    Mc.   At   frequencies   above   30
Mc..   radio-frequency  lasses  in  the   leads  and  envelope  contribute
to   seal   and   envelope   heating   and   special   attention   should    be

8i::nert°d;:eu¢?e:n:a::artde+Sheea'uCp°p°:jrn9p.or|,osnmao'!ftahne°ern;:,not;;efu::,I
usually    provide   sufficien+   circulation   for   cooling   at   frequencies
above   30   Mc.   (The   Eimac  SK-400   Air-Sys+em   Socket   provides  a
convenient  method   of  moun+ing   and  cooling  the  4-250A  a+  VHF,
should   the   user   desire   +o   use   it.   Full   information   is   available   on
the    SK-400    Air-System    Socket   data    sheet,    or   it   will    be   sent
from  the  factory  on  request.)

ln   intermitten+-service   applications   where   +he   "on"   time   does
no+    exceed    a    to+al   of   five    minutes   in    any   ten-minute    period.
plate-seal  temperatures  as  high  as  220°  C.  are  permissible.  When
the    ambient   +emperature    does   not   exceed    30°    C.   it   will    not
ordinarily    be   necessary   to   provide   forced   cooling   of   the   bulb
and   plate   seal  to   hold   the   temperature   below  this   maximum   at
frequencies   below   30   Mc..   provided   that   a   heat-radio+ing   plo+e
connector   is   used,   and  the  tube   is  so   located   that  normal   circu-
lation   of   air   pas+   the   envelope   is   no+   impeded.   The   five   cubic
feet    per    minute    base-cooling    requirement    must    be    ob§®rved
in   intermitten+   service.

Electrical
Fil.meut  Yalfuge--For   maximum   tube   life   the   filament   voltage,
as   measured  directly   a+  +he   base   pins.   should   be  +he   ra+ed   value
of   5.0   volts.   Variations   should   be   held   within   the   range   of  4.75
to   5.25   volts.
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Bias  Vol.age-D-c  bias  voltage  for  the  4-250A  should  not  exceed
500   volts.    If   grid-leak    bias   is    used,    suitable    protective   means
must  be  provided  +o  prevent  excessive  plate  or  screen  dissipation
in  the  even+  of  loss  of  exci+ation.

::;dJeDd!S;:r::!c.eneTioridwda;;S:.Pa::r::i?srsjtphaet;:-n25m°aAys!e°uc':,cnu?:t::
from  the  following   expression:

Pg-ecmp1c.

wh®r®   Pg=Grid   dissipation

ocmp±Peak   positive  grid  voltage.   and
lc± D-C   grid   current.

ecmp   may   b®   moasurod   by  moans  of  a   suitable   peak  voltmeter
connected   between   filament  and   grids.

Screen  Voltage-The   d-c   screen   voltage  for  the  4-250A  should
not  oxcoed  600  volts.

Screen  Dissipcti®n---The   power   dissipated   by  the   screen   of  the
4-250A   must   not   exceed   35  watts.   Screen   dissipation  is   likely  to

;:,S.e+.+io:ac:sssj:emoYva::esw:Yhhef:ia+::nil::ed::::aogne;oit;:;oVs°:t;gi:e::
Suitable    protective    means    must    bo    provided    to    limit    screen
dissipation  to  35  wat+s  in  the  event  of  circuit  failure.

Plate  V®ltoge-The  plato-supply   voltage   for  the   4-250A   should
no+  exceed   4000  `/ol+s  for  frequoncios   below   Ilo   Mc.  Above   Ilo

vMoft.,I  atsh:homwanx;gyurhepgerram;.is;obi°pap:act:a::Itage   is   loss   +hah   4000

Pkne  Dissipation-Under  normal  operating   conditions.   the   plate
dissipa+ion   of   +he   4-250A   should   not   be   allowed   to   exceed   250
watts  in  unmodulated  applica+ions.

In   plate-modulated   amplifier  applications,   the  maximum   allow-
able  carrier-condition  plate  dissipation  is   165  watts.

orp':i:r:is;iepr::idosn:n,etx,cmo::::.tie,Ta:iuT,un:r+auti::gispp,e.rcm.ids:i,bels:

Operation
Cl®sfrc FM or  T®legrophy-The   4-250A  may   be  operated  as  a
class-C   amplifier,   FM   or  telegraphy,   without  neutralization   up  +o
30   Mc.   if   reasonable   precautions   are   +aken   to   prevent   coupling
between     inpu+    and    output    circuits    external    to    the    tube.    A
grounded   metallic   plate   on   which   the   socket   may   be   mounted
and  +o  which  suitable  connec+ors  may  be  attached  +o  ground  the
tube    base   shell,    provides   an    effective   isolating   shield    between
grid   and   pla+e   circui+s.   In   single-ended   circuits.   plate,   grid,   fila-
men+   and   screen   by-pass   capacitors  should   be   returned   through
the   shortest   possible   leads  to   a   common   chassis   point.   In   push-
pull   applications  the   filament   and   screen  +erminals  of  each  tube
should   be   by-passed  to   a   common   chassis   point   by  the   shortest
possible   leads.   and   shor+,   lleavy   leads   should   be   used   to   inter-
connect  the   screens  and   filamen+s  of  the  two  tubes.  Care  should
be  taken   to   prevent  leakage   of  radio-frequency  energy  to  loads

500A

I I T
IRFC®5J'HI

4.CcO'EF.aco'4 _2 sO^
I'

C -RF'c.sucOH'  +Ec,_            I   R+FEcaa

-Ec,

_25

i lc-'II
II'0^

Scr®on-tuning  n®u+ralization  circuit  for  use  above  45  Mc.
C  -Approximately  loquHfd.  per  section,  maximum.

entering   the   amplifier   in   order   to   minimize   grid-plate   coupling
between  these  leads  external  to  the  amplifier.

At   frequencies  from   30   Mc.   to   45   Mc.   ordinary   neutralization
systems  may  be   used.

Where    shielding    is    adequate,   the    feed-back    at   frequencies
above     45     Mc.     is     due     principally     to     screen-lead-inductanco
effects,   and   it   becomes   necessary   to   introduce   in-phase   voltage
from   the   plate   circuit   into  the  grid   circui+.  This  can   be   done   by
adding   capacitance   between   plate  and   grid  external  +a  the  tube.
Ordinarily,   a   small   metal  tab   approximately   3/4-inch   square   con-
nected  to  the  grid  terminal  and  loca+ed  adiacent  to  the  envelope
opposite   the    plate   will   suffice   for   neutralization.   Means   should
be   provided   for   adjusting   the   spacing   be+ween   the   neutralizing
capacitor   plate   and   the   envelope.   An   alternative   neutralization
scheme   is   illustrated   in   the   diagram   below.   In   this   circuit.   feed-
back   is   eliminated   by   series-+uning   the   screen   to   ground   with   a
small   capacitor.   The   socket   screen   terminals   should   be   strapped
together,  as  shown  on  the  diagram,  by  the  shortest  possible  lead,
and  the   leads  from  the  screen  +erminal  to  the   capacitor,   C.   and
from   +he   capacitor   to   ground   should   be   made   as  short   a§   poss-
ible.

Driving    power   and   power   ou+put   under   maximum   output   and
pla+e   voltage  conditions  are  shown   on   page  4.  The  power  output
shown    is    the    actual    plate    power   delivered    by    the    tube;    the
power   delivered   to  the   load   will   depend   upon  the   efficiency   of
the   plate  tank  and   ou+pu+  coupling   system.  The   driving   power  is
likewise   the   driving    power   required    by   the   tube    (includes   bias

i:Sqs!j.reT*:n:rjbvyera°::?fT:jepn°+W:rarsghj°nu'+doeax|foe;dfotrhecodur;Xi:8.cpi:cWu:;
losses.    The    use    of    silver-plated    linear    +ant-circuit    elorrlen+s   is
recommended  for  all  frequencies  above   I  10  Mc.

Class.C  AM  Teleph®ny-The   r-f  circuit  considerations  discussed
above  under  class-C  FM   or  Telegraphy  also  apply  +o  amplitude-
modula+ed   operation   of   +he   4-250A.   When   +he   4-250A   is   used
as    a    class-C    plate-modulated    amplifier,    modulation   should    be
applied   +o    both    plate   and   screen.    Modulation   voltage   for   +he
screen   may   be   obtained   from   a   separate   winding   on   the   modu-
lation   transformer,    by   supplying   the   screen   voltage   via   a   series
dropping   resistor   from   the   unmodulatecl   plate   supply,   or   by  +he
use   of   an   audio-frequency   reactor   in   the   positive   screen-supply
lead.   When   screen   module+ion   is   ob+ained    by   ei+her   the   series-
resistor   or  the   audio-reactor   method,   the   audio-frequency  varia-
tions   in   screen   cui.rent   which   resul+   from   the   variations   in   plate
voltage  as  the  plate  is  modulated  automatically  give  +he  required
screen    modulation.   Where   a    reactor   is   used,   it   should    have   a
rated    inductance    of    not    less   than    10    henries   divided    by   the
number    of   tubes    in   the    modula+ed    amplifier   and    a    maximum
curren+    ra+ing    of   two   or   +hree   times   +he   opera+ing    d-c   screen
current.   To    prevent   phase   shift    between   +he   screen   and    plate
modula+ion    vol+ages   at    high   audio   frequencies,   the    screen    by-
pass   capacitor  should   be   no   larger  than   necessary  for  adequate
r-f   by-passing.

For   plate-modulated   service,   the   use   of   par+ial   grid-leak   bias
is   recommended.  Any   by-pass  capacitors   placed   across  the   grid-
leak   resis+ance   should    have   a   reactance   dt   +he   highes+   modula-
tion   frequency   equal   to   at   leas+   twice   +he   grid-leak   resis+ance.

Class.ABt  alld  Class.AB2  Audio-Two  4-250A's   may   be   used   in
a   push-pull   circuit  to   give   relatively   high   auclio   ou+pu+   power  a+
low   dis+or+ion.   Maximum   ratings  and  typical  operating   conditions
for    class-AB,    and    class-A82    audio    opera+ion    are    given    in    the
tabula+ed   data.

Screen     voltage    should    be    obtained    from    a    source    having
reasonably   good   regulation   +a   preven+   variations   in   screen   volt-
age   from   zero-signal   to    maximum-signal   conditions.   The    use   of
voltage   regula+or  tubes   in   a   s+andarcl  circuit  should   provide  ade-

quate    regula+ion.

Grid   bias   voltage   for  class-A82   service   may   be   obtained  from
batteries   or  from   a   small   fixed-bias  supply.  When   a   bias   supply
is   used   +he   d-c   resistance   of  the   bias   source   should   not   exceed
250   ohms.    Under   class-ABi    condi+ions   the   effec+ive   grid-circuit
resistance  should   not  exceed  250,000  ohms.

R:t[n°grs,:r±£::,aecpNeeajs,V.jt;Vn.uma.ry:,[S*STt:se,a;t::,:n:staanvcae;,,a,;yea::UrepT;unpe
form    on    request.



The     peak    driving     power    figures    given    in    the

class-A82    tabulated    data    are    included    to    make

possible   an   accurate  determination   of  +he   required

driver   output   power.   The   driver   amplifier   must   be

capable   of  supplying   +he   peak   driving   power   with-

out   dis+or+ion.   The   driver   stage   should,   therefore,

be    capable   of    providing    an    undistorted    average

output    equal   to   half   +he    peak    driving    power   re-

quirement.    A    small    amount    of    additional    driver

output  should   be   provided  +o  allow  for  losses  in  the

coupling   transformer.

In   some   cases   the   maximum-signal   plate   dissipa-

tion   shown   under   "Typical   Opera+ion"   is   less   than

+he  maximum  rated   plate  dissipa+ion  of  +he  4-250A.

In    these    cases,    the     plate    dissipation    reaches    a

maximum   value,   equal  to  the  maximum  rating,   at  a

point    somewhat    below    maximum-signal   conditions.

The   power  output  figures  given   in   the  +abula+ed

data    refer    to    the    to+al    power    output    from   +he

amplifier   tubes.    The    useful    power    outpu+   will    be

from   5  to   15   per  cent   less  than   the  figures  shown.

due  to   losses   in   the   output  transformer.
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Typical  radio  fr®qu®ncy  power  .mplifior  circui+,  Cl.ss-C

t®lography,   1000  Vat+s  input.

Typical   high-l®vol-module+ed   r-f   amplifier   circui+,   with

modul®tor  and  driver  s+ages.1000  watts  input.
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Typical   high-l®yol-modulated   r-f  .mplifi.r  circuit,  with

module+or  i+.g®,   675  w.t+a  inpu+.

cONpONENTs rok TypicAL clRcuiT§

Lpi -Cpi  -Tanl  circuit  appropriate  for  operating  fr®quoncy:
0 = 12.  Capacitor  plato  spacing =.ZOO".

Lps -Cp2 -Tank  circui+  approprid+a  for  opor®+ing  froqu®ncy:
0 = 12.  Capacitor  plato  spacing = .200".

Lps -Cp3 -Tank  circuit  appropriate  for operating  froquoncy;
0= 12.   Capacitor   plato   §pacing=.375".

Lgi -Cgi -Tuned   circuit  appropriate  for  operating  froqu®ncy.
Lg2 -Cb,2 -Tuned   circuit  appropriate  for  operating   frequency.
Ci -.002-ufd.  500-v.  mica
C2-.002-ufd.   5000-v   mica
C3 -.001 -ufd..  2500-v.  mica
C4-.I-ufd.,   looo-v.   paper
C5-.I-ufd.  boo-v.   paper
C6-.5-ufd.  600-v  paper
Cr-.03-ufd.,   600-v.   paper
C8-.I-ufd.,    IOOO-v.   paper
Co-.25-ufd.,1000-v.  pdpor

R'2=!:'o7,:°oo°hoT:s:i/2uS:aa:}°]°"Ooohm"owatts
R4-15,000  ohms.  5  watts
R3-25,000  ohms.  2  watts
R6 -2,500  ohms,  5  wet+s
R7 -35,000  ohms,160  wet+s
R8-250,000  ohms.   I/I  wa+t
RD-200,000  ohms,   2  watts
R|o -500  ohms,  I/2  Vat+
Rii-I   megohm,   I/2   watt

R::=!88:888:hh:sS,.,/'2#
Ri4-10,000   ohms,I/2   watt
Ri6-50  ohms.10  wa+ts
R„ -loo,000  ohms,loo  watts
RFci -2.5-mhy.,125-rna.  r-f  choke
RFC2 -I-mhy.,  500-rna.  r-f  choke
Ti-350-wet+   module+ion   transformer;   ratio   pri.  to   sac.  approx.

I.5   :   I:   pri.  impedance  20,300  ohms,  sac.  impedance   13,300
ohms.

T!-600-watt   modulation  transformer;   ratio   pri.  to   see.  approx.
I.8   :   I:   pri.   impedance    11,400  ohms,   sec.   impedance  6.250
ohms.
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