Power output valves

and

Mierophone pre—amplifier pentode



Power output valves

In the following, details are given of a number of directly and indirectly-
heated power output valves for use in small, medium and large amplifier
equipment. Some of these valves, when employed in a balanced output
stage, are capable of delivering up to 55 or even 133 W. The mutual
conductance of all these types is very high, necessitating only a low grid
input to load them fully.

The valves concerned are the following:
4641 directly-heated 25 W triode; ¥, = max. 1,500 V, ¥; = 4 V.

4654 indirectly-heated 18 W pentode; T, = max. 600 V,
Vg = max. 425 V, V; = 6.3 V.

4683 directly-heated 15 W triode; V, = max. 350 V, T; = 4 V.

4689 indirectly-heated steep-slope 18 W pentode; ¥, = max. 375 V,
Vip=max. 275 V, ¥V, =63 V.

4694 indirectly-heated steep-slope 9 W pentode; I, = max. 400 V,
Ty =max. 425V, V; = 6.3 V.

109 indirectly-heated steep-slope 18 W pentode; ", = max. 425 V,
Vo =max. 425V, V; =63 V.

EL 51  indirectly-heated steep-slope 45 W pentode; 17, = max. 750 V.
Vo =max. 750V, V; = 6.3 V.

F 443 N directly-heated 25 W pentode; T, = max. 550 V,
Vg =max. 300 V. V; =4 V.

Besides these, Philips are marketing ranges of smaller and also considerably
larger valves, particulars of which will be gladly given on application.

With the exception of types 4641 and F443 N, the amplifier valves in
question are all fitted with the P-type, or side-contact, base. The small
dimensions of these valves permit the design of small, compact amplifiers
of outstanding efficiency, delivering high power with only slight distortion.
The ranges include low and high power triodes for low-impedance output
stages, as well as normal and steep-slope pentodes for high-impedance
stages. The high working voltages of the new steep-slope pentodes, amongst
other features, make it possible to design highly sensitive amplifiers incor-
porating a minimum number of valves.
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The data reproduced in the following pages relate only to valves in output
stages operating without grid current; if a valve is run in the grid-current
zone it is certainly possible to obtain higher efficieny and therefore a
greater output from it, but on the other hand there is serious, audible
distortion, arising from the alternating flow and cessation of the grid current.
For high-fidelity reproduction, such as may be expected from a good ampli-
fier, Class B circuits involving grid current are not recommended.

This does not imply that the valves are not suitable for that purpose,
however, and particulars will be furnished on request.



4641

4641 Triode

a The triode, type 4041, is a directly-heated max 68
25 W valve intended mainly for use in balanced
output stages, being equally satisfactory in
g C(lass AB or (lass B circuits. In the latter
instance the effective output is 68 W.
In view of the anode voltage this valve is fitted
F with the 4-pin base. whilst special precautions Q
30136 have been taken in the design to prevent flash-
£ over within the valve. é
o o FILAMENT RATINGS
o o Heating: direct by A.C.; parallel supply.
Filament voltage Vi=4V
Filament current Iy =21 A [
CAPACITANCES sor=e
iz 2 Anode-grid Coy=Tpi¥ Dimensions |
Armn;z;l;wnt o RC -2 Ly = 4L bimensions in min.
electrodes and
bhase connectious,
OPERATING DATA
Class B (Class AB (lass B
output with | output with | output with
fixed arid auto, grid fixed grid
bias bias bias
(2 valves) (2 valves) (2 valves)
Anode voltage. . . . . . Fa (V) 1,000 1,000 1,500
Common cathode resistor
for auto. grid bias. . . R (ohms) — 1,700 —
Fixed grid lias - Py (V) 93 — —144
Anode current (Vi=0 V) Tao (MA) 2 % 10 2 25 2 %X 10
Anode current at maximum
modulation . . . . . . Tymax (MA) | 2 % 45 2 %X 28 2 X 41
Load resistor
(between anodes) . . . Ryq (ohms) 20,000 35,000 40,000
Output power . . . . . . Wa (W) 41 29 68
Alternating  grid  voltage
(per grid) at maximum
modulation . . . . . . Vi (Vey) 65 58 105
Distortion at max. modu-
lation. . . . . . . . . diot (%0) 2.35 4.5 1.9
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4641

STATIC DATA
Anode voltage . . . . . . . . .. e e o Fyo= Looo vV 1,500 V

Grid bias. . . . . . . ... .. ... ... T, = -8V —140 V
Anode current . . . . . . . . . . . .. . .. I, = 25 mA 15 mA
Mutual conductance . . . . . . . . ..o o o8 = 3 mA/NV 2 mA/V
Internal resistance . . . . . . . . . . . ... R — 3400 ohms 4,600 ohms

MAXIMUM RATINGS

Vo = max. 3,000 V LimA;
Ve = max. 1,500 V PR e sna um e ma s, mnana
Wy == max. 25 W ! i ! pRss A
Vydy = + 0.3 pA) = max. —2V .1]_ : SHERS
1 = max. 60 mA Segisaaiachith T e
Ryi. (auto bias) = max. 0.3 M ohm : A' Sl -
Ry (fixed bias) = max. 0.1 M ohm ‘ §| > é!
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Anode current as a function of the anode voltage for different values
of grid bias.
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4641
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4654 Pentode

The 4654 is an indirectly-heated steep-slope 18 W output valve for

a maximum anode voltage of 600 and maximum screen-grid voltage

of 425, In view of the high anode voltage involved and the relatively

small dimensions of the valve, the anode connection is located at

the top of the envelope; high voltages in the pinch are thus avoided.

The suppressor grid is connected to a separate contact on the base,

making the valve also suitable for amateur transmission work; with

the screen and suppressor grids joined. the valve can be employed

as an electron-coupled master oscillator, in which case the top cap

ensures a conveniently short connection bhetween the anode and

oscillator circuits.

The 4654 lends itself well to the following purposes in amateur

transmitters:

1) modulator in Class A, AB or B circuits,

2) electron-coupled master oscillator,

3) R.F. amplifier or frequency-multiplier in intermediate stages

(Class C),

) class C output amplifier in telegraphy transmitters,

5) output valve for telephony (Class (), with modulation on both

anode and screen grid.

It can be used as transmitter valve at all wavelengths from 50 m,

for which purpose a single valve. in a Class C amplifier, will deliver
a carrier-wave oubput

ig. 1

(R a e nau s s n e aum 8] power of 36 W, at 67 °,,
P e e e efficiency, excluding cir-
1: V2 =350V V=275V a=0V 1] cuit losses (anode vol-
12: Vy =350V iVpz= 375V Yy3=0V : .
3: Va =400V ;Vga= 425V Vp3=0V 1 Tt tage 600 V. screen vol-
: ] I f R
Ia ===-Ig2 tage 200 V. and grid
-1 150 18 3
Tf bias —60 V).
: The valve is eminently
suitable for simultaneous

modulation of both an-
ode and screen, in which

Dimensions in mu.

59563
Fig. 3
Anode and screen current of the 4654 as fune-
tions of the grid bias, for various valuns of annia
and sereen potential.

case it should once

£3532
more operate on an
anode voltage of 600 V., Irig. 2

Arrangement of
electrodes and
base connections.

a screen voltage of 200 V
and a grid bias of —60 'V,
the output then being
24 W (less circuit losses). Complete details
will gladly be furnished on request.

As an amplifier valve the 4654 has various
possibilities, hoth in amplifiers and modu-
lator stages.

With a fixed bias, a supply voltage of 1=
425 V, an anode voltage of 17, =400 V
and a common screen series resistor of
R,, =500 ohms, an output of 48 W
can be obtained without excceding the
maximum anode dissipation of 18 W.
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Fig. ¢
% Anode current as a functjon
"f;’fg of the anode voltage for

various values of grid bias.
Fga = 275 V

HEATER RATINGS
Heating: indirect by
A.C., parallel supply.

Heater voltage
Tr==063V
Heater current
Iy =135 A

CAPACITANCES
Anode-grid
Caugr < 0.8 uuF

OPERATING DATA
The 4654 used as single output valve in class A

Anode voltage. . . . e e e e e e T'e = 250V
Suppressor-grid Volmgo e 0oV
Screen-grid voltage. . . . . . . . . . . .. .. ... Vp = 218V
Cathode resistor . . . . . . . . . . . . . . .. . ... Rr = 175 ohms
Anode current. . . . . . . . . . . ... T, = 72 mA
Sereen-grid current . . . . . . . .. .00 oL My = 8 mA
Mutual conductance . . . . N = 85 mA/V
Amplification factor; screen mth 1cspect to con’crol C’I‘ld gt = 11 —
Internal resistance . . . . . . . . . . . . . ... ... R = 22000 ohms
Load resistor . . . e e e e . ..o ... .. Ry = 3,500 ohms
Alternating input xoltatfe (I.,,1 = +03 A ... ... Fp = 115 Vg
Power output (Iyy = 03 pAY . . . . . 0L Lo, = 92 W
Total distortion (I, = -- 0.3 ,uA) - e e e o iy = 114 9
Alternating input volta.ge (W, = 50 m“) e e e e = 05 Vg
Viflere)
v " EREREEE fianaua gt
i T T =~ = T
s , = o
~1 n5 3= f 3 1
15 - Y 0 150
R =17500
0 Vy3=0V
50 W(mW) %0 !
7R
10 - 20 100
»:
L - = L+
Fig. 5 1 d ]
Total distortion, anode and 5 7 = 10 50
screen-grid current and alter- L L=t
nating input voltage as func- 1T m—
tions of the output power; the R = =r -1
4654 used as single output = il i I | '2;'_
valve class A with Va = 250V = ] == :
and Vg, = 275 V. 0 L H e o
o 2 4 6 8 W 10
59570
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The 4654 used in class B output stage with fixed grid bias (two valves)

Load resistor between anodes . Rg= 5,000 5,000 ohms
(‘ommon screen-grid seriesresistor By, = 500 500 ohms
Grid bias. . V= —38 —32 A%
Suppressor-grid voltaﬁe Vys= 0 0 vV
Alternating input e — e — - ——
voltage . Vi, = 0 26.5 26.5 0 22.4 224 Vop
Supply voltage. ¥y = 125 125 400 375 375 350 V
Anode voltage . Ve = 420 400 375 370 350 325V
Anode current . I, = 2x%20 2x932X8L5 2x20 2xX79 2X70 mA
Screed-grid current. Ip = 2022 2321 2%18$ 222 21T 215 mA
Power output . Wy = 0 48 39 0 35 29 W
Total distortion . dit = — 2.5 4.2 — 2.5 4.0 07

The 4654 used in class AB output stage with

Supply voltage .
Load resistor between anodes
Common screen-grid series resistor
Common cathode resistor.
Suppressor-grid voltage
Alternating input voltage.
Anode voltage.

Anode current.

Screen-grid current.

Power output .

Total distortion .

The 4654 used in triode conncction as single output valve class S

connected to anode)

vy
R(Ul
Ry
T'{I:’.
Vi
Vo
I,
Ly,
W,
diot

Y

auto. grid bias (two valves)

= 425 375 A%

= 6,500 5,000 ohms

== 2,000 500 ohms

== 265 195 ohms

= 0 0 A\

- s IO

== 0 27 0 22.5 Vo
+ T = 405 400 355 350V

= 24465 2060 2:< 53 2>:66.5 mA

= 23 5.4 2x13 2x6.5 2Xx15.5 mA

= 0 275 0 26 W

= — 5 — 839

Supply voltage Fp = 373V Anode current. I, = 30 mA
Suppressor-grid Alternating input

voltage . . Vys = oV voltage . Vi = Y13 Vy
Cathode resistor. Rp = 470 ohms Power output . W, = 45 W
Load resistor . R, = 3,000 ohms Total distortion . digt = 9 9%,

The 4654 used in triode
(two valves)

Supply voltage .
Load resistor between anodes.
Suppressor-grid voltage.
Common cathode resistor.

Alternating input voltage
Anode current.

Power output .

Total distortion .

MAXIMUM RATINGS

connection in class AB output stage with

Vo = max. 1,200 V
Va = max. 600V
Wea = max. 18 W
Vyso = max. 1,000 V
Vga = max. 425V
W (Vi=0) = max. 3 W
Wy (W, = max.) = max. 10 W

auto. grid bias

Ty = 400 Vv
Ruu = 5,000 ohms
Tgs = 0 v
Ry = 280 ohms
v = 0 21Vy
I, = 2x350 2 < 56 ohms
W, = 0 13 W
diot = — 1 9
I = max. 120 mA

Voo ({yg = + 0.3 pA) = max. “

11 (auto. bias) = max. 0.7 M ohm
Ry (fized bias) = max. 0.5 M ohm
Vir = max. 50 V
Ry = max. 20,000 chms
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4654
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4683

46873 Triode

a The 4683 is a directly-heated power triode
having an anode dissipation of 15 W.

) FILAMENT RATINGS

Heating: direct, A.C., parallel supply.

Filament voltage
Filament current

CAPACITANCES

Anode-grid

23365

Fig. 2
Arrangement of
L]L‘(‘Ll‘OdLs and
base connections,

OPERATING DATA

Fp=4V
Iy =09 A
Cag < 20 ppl?

max 53

max (35

23366

Tig. 1
Dimensions in mu.

Class AL output (lass B output
with auto. grid bias. { with fixed grid bias.
(2 valves) {2 valves)
Anode voltage. Vo = 350 V 350 V
Common ("Lthodu u~slstm for auto-
matic bias B = 850 ohms —
Fixed grid bias . v, = — —75 V
Anode current (without blgnal) . Iy =1 2 - 43 mA 2 X 35 mA
Anode current at max. modulation | Jpax =1 2 X 46 mA 2 X 70 mA
Load resistor (between anodes) . Ry, = 8,000 ohms 5,000 ohms
Output power . W, = 156 W 20 W
Alternating grid Volt’we (pex O‘I‘ld)
at max. modulation . Vi = 51 Vg 49 V.p
Distortion at max. modulation dit = 2.3 9% 219
MAXIMUM RATINGS per valve
” = max. 600 V Iy = max. 90 mA
Va = max. 350 V Byt (auto. vias) = max. 0.7 M ohm
W, = max. 15 W Ryt (fized bias) == max. 0.3 M ohm
Voly = +034d) = max. —2 V
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4683
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4683
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Total distortion and total anode current as functions of the output
power; 2 valves 4683 in a balanced circuit with automatic grid bias.

24255
T (%) SREEaE ‘ T
Ve = 350V !
Vg = -75v | 50
! Ra =50000
By
+ LT
] 4
R .
2 It = =) ot 100
Lot -t
bt
F 1 1
»
- 71
HEE 1
7 s 50
i oW} o
5 J) 25

Fig. 6

Total distortion and total anode current as functions of the output
power; 2 valves 4683 in a balanced cireuit with fixed bias.



4689

4689 Pentode

This is an indirectly-heated steep-slope 18 W output valve using
2 maximum anode potential of 375 V. Two of these valves in a
balanced circuit will deliver a combined output of nearly 29 W and,
due to the high mutual conductance, an output stage of this type
will operate on a very moderate grid input; any ordinary A.F.
amplifier valve is therefore sufficient to excite fully the output stage.
In view of the high mutual conductance, it is advisable to employ
automatic grid bias; the published data relate to a constant screen
potential of 275 V. Should a potential divider be used for the feed
in order to reduce the screen voltage to 250 V, the screen voltage
will fall on an increasing input signal, if the current passing through
the potential divider is not sufficiently high; in consequence, the
grid swing is reduced and, with it, the output. It is therefore recom-
mended in all cases where such losses of power are undesirable, that
the screen voltage be kept constant by means of stabilizer tubes,

e.g. type 4687; this also has the advantage that the main voltage will
not decrease as much as it is likely to do without stabilization. '
92 93
HEATER RATINGS 9!
o
Heating: indirect by A.C. or D.C.; paraHel supply

Tig. 1
Dimensions in mm.

Heater voltage . . . Vi=637V K f f zsn
Heater current . . . . . . . . . . ... ... I =13V
CAPACITANCES
J— Anode-grid
(w775 7505 TS0 Cagr < 0.8 puF
200 Fig. 2
Arrangement of
electrodes and
Y base connections.
q
7,
_&}" 150
RyAu
)
%
o ’b’
100
-50
e pedad L Vf
1/ - 2/50P
; sy T Tig. 3
B> T Sl RN R Anode and screen-grid current of the 4689 as func-
SEEEE L INNNRERENEN! a tions of the grid bias. Va = 875V, Vg, = 275 V.
V) -30 -20 -10 [}
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4689

40 20

20 10

OPERATING DATA

Anode voltage

Screen-grid voltage

Common cathode resistor

Anode current (without signal).
Anode current at max. modulation .
Screen-grid current (without signal).
Screen-grid current at max. modulation.
Load resistor (between anodes).
Output power . .
Alternating grid voltarre (per grld)
Distortion at maximum output

Class AB output
with auto. grid bias
(2 valves)
Va = 37V
¥, g2 = 275V
Ry = 165 ohms
1go = 2 X 48 mA
Iy max = 2 X 62 mA
Ijw =] 2x5 mA
Igzmax = 2X9 mA
Ry = 6,500 ohms
We = 285 W
Vi = 16 Vop
ot = 2.25 %,

MAXIMUM RATINGS per valve

V4 = max. 600V
Ve = max.375V
W, = max. 18 W
Vo = max. 600 V
Vye = max. 275V
Wes (Vi=0)

= max. 2 W
Wae (Wo = max.)

= max. 3.6 W

I, = max. 90 mA

Voo Iy = -+ 0.3 p4)

= max. —1.3V 00-L
Ry = max. 0.7 Mohm
Ry = max. 5,000 ohms
Vi = max. 50V

Va 375V
Vg2 275V
LRk 265102

Ra 65000

il
1

Fig.
Anode current of the 4689 as
a function of the anode voltage
for different values of grid bias.
Vg, = 275 V.

Fig. 5
Total distortion, total anode
and screen-grid current as
functions of the output power;
two valves 4689 in a Class B
output circuit with automatic
grid bias,



4694 Pentode

The 4694 is an indirectly-heated steep-slope 9 W pentode. In balanced
stages the available output is 12 to 13 W, which makes the valve
very attractive for use in 10 W amplifiers. The maximum anode
voltage is 400 V, that is to say 400 V on the anode and 425 V on
the screen; the latter potential is thus slightly higher than that of
the anode, so that allowance may be made for the voltage drop
occurring across the output transformer. It is not necessary to feed
the screen from a potential divider and the losses inherent in this
type of feed are thus avoided, whilst the output is not reduced
by decreases in the screen voltage at max. modulation. The rela-
tively high working voltages of this valve make it possible to employ " rooro
pre-amplification stages of very high sensitivity. Moreover, due to Tig. 1
the high mutual conductance the alternating grid voltage is Dimensions in mm.
extremely low; grid bias, therefore, must be of the automatic type.

HEATER RATINGS
Heating: indirect, A.C.; pamlld supply

Heater voltage . . . e ... V=863V
Heater current Iy =09 A
CAPACITANCES
Anode-grid . . . s oo o Oy << 0.8 upF
1{mA)
; " s 250
T ] Ny
B - )
- ] .
HHT Fig. 2
] 200 Arrangement of
ENRNEAEE T In fj electrodes and
AT base connections.
14
. STATIC DATA
T Anode voltage . . ¥V, = 400V
Screen-grid voltage Vy, = 425 V
H - Grid bias . . . . Vy = —156V
i 7 Anode current . . I, = 22 mA
7 W Qereen-grid current Iy, = 2.8 mA
- Mutual conductance § = 7 mA/V
V=400V Vized25¥ LI LY a Internal resistance R; -= 75,000 ohms
T Vi
Vi 375V: =250
50
X
7 7 I}
2 Tig. 3
P Anode and screen-grid current of the 4604 as fune-
il Et] tions of the grid bias, with respect to different anode
i BT e = 0 and screen voltages.
VorlV} -39 -39 -10 g
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4694

OPERATING DATA

Class AB output
with auto. bias
(2 valves)
Anode voltage - Vo = 400 V
Sereen-grid voltage . . . . . . . . . . .. .. .} Vu = 425V
Common cathode resistor . . . . . . . . . . . .} Bg = 315 ohms
Anode current (without signal). Ipo =] 2x22 mA
Anode current at max. modulation. . . . . . . . [ gmax=1] 2 X 25 mA
Screen current (without signal). . . . . . . . . ]l =] 2X28mA
Screen current at max. modulation. . . . . . . . |Jpmax={ 2 X 6.2 mA
Load resistor (between :Lnodes)‘ . e . o . ... .|Bw =1 20,000 ohms
Power output. . . . e 13 W
Alternating grid Voltarre . A 9 Vo
Distortion at maximum modulatlon R K7 = 59,
Ja(mA) -2V 32399 MAXIMUM RATINGS
et T S I] H ! 1] per valve
50 _————-"‘l"l’f-—f— ‘ Vao = max. 650 V
FH-E Va = max. 400 V
W Via= 425V W = max. 9 W
y == ] Vyeo = max. 650 V
BEEpY Ve = max. 4256 V
00 I’ = P I’ng (Vi= 0)
y & L s = max. 1.3 W
EEE B - Wyo(Wo= max.)
Zanl ENmEpa = max. 2.7 W
50 HEESE s H Iz = max. 55 mA
y gNE =717 Vi (Ipp = -+ 0.3 pA)
EREE=Coce ‘J'c = max. —1.3 V
PR =T = Ryr: = max. 1 M ohm
0 :”:__ ERNNESY ui Ry = max. 5,000 ohms
o w0 40 600 a0 w@ oo Vi = max. 50 V
PIg

Anode current as a tunction

of theanode voltage for various
values of grid bias. Fgy =

T [ s

425 V.

s euE

T
=

"
W AREEE

3

[y
s

..,,u
Sty
"

Fig. b
Total distortion, total anode

and screcn-grid current and

alternating grid voltage, per S B = = o

grid, as functions of the

output power. 2 valves 4694

in a Class AB output stage

with auto. bias. 11

{
0 2 W,W) #
33000
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4699 Pentode

This pentode is an indirectly-heated 18 W output valve of extremely
high mutual conductance, for A.C. heater-supply. It was designed
especially for small amplifiers with Class AB output stages. In view
of the high mutual conductance the valve is extremely useful for
supersensitive amplifiers. For two 4699 used in class AB output stage
with automatic grid bias an alternating input voltage of 17 Vg
is sufficient to obtain a power output of 29 W. Older types of
amplifying valves such as the 4689 are supplied with an anode
voltage of 375 V, with 275 V screen; owing to the necessity for
feeding the screen from a potential divider for this type of valve,
there is a considerable drop in output at maximum modulation as
the current passing through the potential divider is not high enough.
When the grid signal increases, the screen current also rises, so
that when a high resistance potential divider is used the screen
voltage and grid swing are reduced. In practice the decrease in
output due to this potential divider is 10 to 20 %.
The maximumn anode and screen voltages of the 4699 are such that
the latter may be fed direct, without the use of any potential
divider, and the advantages of equal anode and screen potentials
may be listed as follows:
a) Less costly circuit, since two fairly high-wattage resistors and
a smoothing capacitor are then unnecessary.

1(mh) b) Lower current con-

250

:-7-48

the absence of the
potential divider.
No reduction in out-
put at maximum
modulation, such as
exists when  the
y : screen is fed from a
f11/H H potential divider.
150 The 4699 gives good

I I O
T I
NN NN
LIS SR SR LN
: Va =250V Vga=250
2: Va=350V i Vy2=375V ] /
3¢V =400V 5 Vyz=425V [ i
Ia
I [ LT

=

I
i

.

4699

max 52 _,
N
N
bt
L]
&
2734
Tig. 1

Dimensions in mm.

27845

ff

sumption, in view of km.g3 Q2

=g <3

dd

27817

Fig. 2
Arrangement of
clectrodes and
base connections.

=

.

-~
=]

-20

o
-30 (V)

Fig. 3
Anode and screen curregt of the 4699 as functions
of the grid bias for various values of anode and
screen potential.

50

results on both high and low voltages
(Vp =450 V and Vp = 375 V respecti-,
vely); in the latter instance it is possible
to economise in the supply section of the
amplifier, whilst in the other case the
stages of pre-amplification may be made
more sensitive.

For a valve with sach high mutual con-
ductance the 4699 has an unusually low
heater consumption (about 6.3 W), this
being due mainly to the special form of
the cathode.

HEATER RATINGS

Heating: indirect by A.C.; parallel supply.
Heater voltage. Vi=63YV
Heater current. Iy =10 A
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2 —F R
Py aunp, IERE o
o A 4.1‘ o Voa=250 V
7 e 2;,{ H
e \Lx
i J’* I ! T gy
N L
A bt
SEh
100 ',Tj ~ T,
F =TT 5 =8y
_;_.;f L ,i, = "‘:
50 L . E <
e T TSy
T s Tt i Fig. 4
on B I 12y Anode current as & function of
NN i =t the anode voltage for various
PR by ! i ~14V values of grid bias with Vg, =
4 L LT —— 16V 250 V.
o) o 200 300 400 V,(v} 500
59578
CAPACITANCES
Anode-grid . Cypy < 0.7 puul¥
OPERATING DATA
The 4699 used as single output valve in class A
g P
Anode voltage . Vo = 250V
Screen-grid voltage . Vga = 250V
Cathode resistor . Rk = 90 ohms
Anode current . R 72 mA
Screen-grid current Ay = 8 mA
Mutual conducta,nco S = 145 mA/V
Amplification factor; screen w. 1th respect to control gnd Haogr = 20 —

Internal resistance
Load resistor.

Alternating input volta,ge Iy = + 0.3 pA)
gy = + 0.3 pA)
(Iy; = + 0.3 uA)

Power output
Total distortion

Alternating input voltage (117, =

50 mW)

R; =20,000 ohms

The 4699 used in class AB output stage with auto. grid bias (two valves)

Supply voltage .

Vy

Load resistor between a,nodcs . Ry
Common screen-grid series resistor Ry,

Cathode resistor

Alternating input voltage

Anode voltage .
Anode current .

Screen-grid current .

Power output
Total distortion.

By

Vi

Vo+ Vi
I,

]g‘l

W,

diot

R, = 3,500 ohms
Vi = 5.3 Vg
W, = 8 W
diot = 10 %
Vi = 0,3 Vo
== 425 375 v
= 8,000 6,000 ohms
= 2,200 700 ohms
= 170 1‘7o ohms
= 0 17 0 14V,
= 405 400 355 350 V
= 2X46 2X58 2X52 2x64mA
= 2x5 2x14.5 2x6.5 2x16.5 mA
= 0 29 0 275 W
= - 5 = 4%

The 4699 used in triode connection as single output valve class A (screen-grid

connected to anode)
Supply voltage
Cathode resistor .
Load resistor
Anode current.

252

Py
Fifs
Ry
'[(l

I

5V
300 ohms
4,000 ohms
50 mA

Alternating input

voltage . P = 11 Vg
Power output . Wo = 45W
Total distortion . . dyy = 99



The 4699 used in triode connection in class AB output stage with auto. grid bias
(two valves)

Supply voltage. . . . e T 400 A%
Load resistor between anodes e e i v o oo By = 5,500 ohms
Common cathode resistor . . . . . . . . . . . R = 175 ohms
Alternating input voltage N 0 13.5 Vg
Anode current . . . e e e e e e oo 1y = 248 2 X 54 mA
Power output . . . . . . ... ... L0 W, = 0 13 W
Total distortion . . . . S = — 1.5 9%

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . Fg = max. 800 V
Anode voltage . . . . . . . . . .. ... ... F, = max. 425V
Anode dissipation . . . . e oo W = max. 18 W
Screen-grid voltage in cold wndluon oo o .. Vo = max. 650V
Screen-grid voltage . . . .o . oo ... VFy = max, 425V
Screen dissipation withont slglld] oo oo oo Wy = max. 2w
Screen dissipation at max. modulation . . . . . . W, = max. 5 W
Cathode current . . . . . I, = max. 90 mA
Grid voltage at grid current sta,rb ( n= + 0 3 /lA) Vjy = max. —13 'V
External resistance between grid and cathode (auto. bias) By; = max. 0.7 M ohm
External resistance between grid and cathode (fixed bias) R,; = max. 0.5 M ohm
External resistance between heater and cathode . . Ry = max. 20,000 ohms
Voltage between heater and cathode . . . . . . . Fp = max. 50 V

The 4699 is operated with automatic grid bias; semi-automatic bias may be employed,
provided that the cathode current in the output stage constitutes more than 50 9% of
the total current flowing in the resistor producing the bias. The value of Ry; must
then be reduced in accordance with the following:

Cathode current of output valve

- - - { Ry
Total current passing through resistor producing the voltage drop * f

Due to the high mutual conductance, a stopper resistor of about 1,000 ohms is
included in the grid lead to prevent oscillation.

4699



4699

Vilvere
{ve = SN (%} (mA)
6 gasHVa =250 15 150
[ 2=2350V
I TRa =35 ka2 oy
FrrRe =900 i-
lo 50 Wa(mW, 100
4 1 0 K0
To;
!
i 5 50
f
| ——— g2 ;
TT1 i 1=
11T ] [ ] % 0 0
0 4 6 8 w,Ww ©
59579
Fig. 5

Total distortion. anode and screen-grid current and alternating inpub
voltage as functions of the output power; the 4699 used as single
output valve class A with Ve =250 ¥V and Vg, = 250 V.

df%) 1(me)

T - 20 200
i - i - : 1599 748
FE L T
. \TLHH—‘L : - 7 -
Wo (V] 100 [S--] 1] R, 70 [ 150
SN 1]
4 b _
- - A}_: T 0 1 l B
R ! S 10
== T -t L
RN RN \[ - y I SEEN
i , Vo
T als 5
5747H 1 | BRP=SENN
Easeapames LT T
L e T i§ mE
o - 0 0
0 5 20 25 ww) 30
59580

Tig. 6
Total distortion, anode and screen-grid current and alternating input
voltage as functions of the output power; 2 valves 4699 used in
class AB output stage with auto. grid bias, Vb =425 V.,
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4699

Vi (Verr) Vilbers) d(%) I(mA)

20 T e 20 200
| i
]

150

e

to

]

kig. 7
Total distortion, anode and screen-grid current and alternating input
voltage ag functions of the output power; 2 valves 4699 used in
class AB output stage with auto. grid bias, Vb = 375 V

Fig. 8
Total distortion, anode current and alternating mput voltage as
functions of the output power; the 4699 used as single output
valve in triode connection (screen-grid connected to anode) class A
with Y6 =375 V.
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4599 1-7-48]

Pty

200

150
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59583

Fig. 9
Total distortion, anode current and alternating input voltage as
functions of the output valve; 2 valves 4654 in triode counection
(screen-grid connected to anode) used in class AB output stage
with Vb= 400V,



EL 51 Pentode

EL 51

The EL 51 is a 45 W pentode for use in large amplifier equipment. __max60
Two of these valves in a balanced circuit with an anode and screen
potential of 750 V will deliver an output of 140 W. A 68 W
electric lamp must be connected in series with the screen grids to
prevent the screen-grid being overloaded. The fact that the screen
carries the same potential as the anode affords many possibilities
in connection with the application of this valve, since the screen can N
be fed directly from the high-tension line, without necessitating the *
uge of a potential divider carrying a high current. g
The grid input for maximum modulation is quite small on account
of the high mutual conductance; the heater consumption is, never-
theless, relatively low, being 12 W.
HEATER RATINGS
Heating: indirect by A.C. or D.C.; parallel supply. 2919
Heater voltage . . . . . V=63V Di"wﬂfgi-g 1m .
Hcatercurrent.................If=1.9A T ’
CAPACITANCES
Anode-grid . . . . . . . ... ... Uy < 15wl
STATIC RATINGS
Anode voltage . . . . . . . .. V, = 500 750 V a
Screen-grid voltage . . . . . . . Vp = 500 750 V
Gridbias. . . . . . ... ... FVy = —20 —375YV ﬂh
Anode current . . . . . . . . . I, = 87 60 mA g3
Screen-grid current . . . . . . . I, = 13 10 mA 92 g1
Mutual conductance. . . . S = 11 8 mA/V
Amplification factor; screen Wlth

respect to control grid. . . . . ey, = 16,500 16,500 — k f
Internal resistance . . . .. . R; = 33,000 50,000 ohms Se917

OPERATING DATA

The EL 51 used in class B oufput stage with fixed grid bias
(two valves)

Anode voltage . . . . . . .. V, = 750 v
Screen-grid voltage . Vye = 750 Vi

Grid bias. o V= —40 \Y

Load resistor between anodes .« Ry = 6,000 ohmsk.g3
Alternating input voltage . . . . V; = 0 28,5 V.5
Anode current . . . . . . . . . Iz = 2x40 2X145 mA
Sereen-grid current . . . . . . . I;p = 2X7.5 2xX30 mA
Power output. . . . . . . . .. W, = 0 140 W

Total distortion. . . . . . . . . dgr = — 5 9

1) A resistor of 1,000 ohms should be included in series with the common screen-
grid lead, or, better still, a special electric lamp (550 V, 68 W).

F2918

Fig. 2
Arrangement of
clectrodes and
base connections.
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EL 51

The EL 51 used in class AB output stage with auto. grid bias (two valves)

Anode voltage
Sercen-grid voltage
Common cathode resistor

Load resistor between anodes

Alternating input voltage
Anode current
Screen-grid current
Power output.

Total distortion .

MAXIMUM RATINGS

Vo = max. 1,500 V
V. = max. 750 V
We = max. 45 W
Vo = max. 1,500 V
Vs = max. 750 V
Woo (Vi=0) = max. TW
Wga (Wy=max.)= max. 25 W
I{mA)
[EETEET 7 = 200
i i
] f jF 180
Bl i
He T
] 160
Euian I
| IS
f 40
N X
s
Q 3
af J;;,’E 120
O S 'L [y S A R N .
Jmnn
1 , 100
f
/ / 80
i
/ / Jeo
/
F 40
/ 132 g2
I N
7 (i ,1 %’1[’300
A \IQ Pl
Ay DA
ST L= T 0
260 ilv) —40 —20 0
59584

Vo = 500 v
Vga = 500 A%
Ry = 100 ohms
Ry = 4,800 ohms
Vo= 0 19 Vg
I, = 2x87 2x110 mA
{y, = 2x13 2x23 mA
W, = 0 675 W
diot = — 5 9%,
Iy = max. 200 mA
Vi U= + 0.3 pA)
= max. —I1.3 V
Ry, (fixed bias) = max. 0.35 M ohm
Ry, (auto. bias) = max. 0.7 M ohm
Vi = max. 50 V
Ry = max. 20,000 ohms

Tig. 3
Anode and screen current of t
of the grid bias, for various
screen potential.

he EL 51 as functions
values of anode and



EL 51

Vi At
(ers)

ot
i
T
I
1
I

t
T
1
T
I

|
1 T 0

0 } =
0 20 40 100 120 Wo(W) 140
59585
Fig. 4
Total distortion and alternating input voltage as functions of the
output power; 2 valves EL 51 used in class B output stage with
fixed grid bias, Ta == Vg, = 750 V.
Vi{terr)
TR w0
it AT (%)
R e 2xEL 51
Ho 2
o 50 Wo(mW) 100 DV
Vi
(tero)
15 5
10 BN A ' 1
i cerdilh
Ll :
5 Lt SeesEEat = 2
o man
0 10 20 30 40 50 60 W (W) 70
59586

Fig. 5
Total distortion and alternating input voltage as functions of the
output power: 2 valves EL 61 used in class AB output stage with
auto. grid bias, Va = Vg, = 500 V.
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F 443 N

F 447 N Pentode

This is a directly-heated 25 W output pentode, grmay
fitted with a 5-pin base and suitable for a maximum
anode potential of 550 V; the maximum screen
voltage is 300 V.

On an anode voltage of 300 V the same potential
may be applied to the screen, thus avoiding the
necessity for potential divider feeding, possibly with
voltage stabilization. In balanced circuits, however,
the maximum output power is then considerably
lower than in the case of operation with an anode
voltage of 550 V and a screen voltage of 250 V;
a Class AB output stage employing two of these
valves at the last-mentioned rating and with auto-
matic bias will yield 41 W with 4.3 9% distortion. _, T 1

Dimensions in mm.,

160 max

24321

24520 FILAMENT RATINGS

A”m{ggﬁlgut ot Heating: direct, A.C., parallel suppl}
electrodes and  Filament voltage. . . . . e ' D
base comnections. pujoment current. . . . . . . . . . Y
CAPACITANCES
Copn < 3 puF
T I LimA[ 20
T
AEERAN 200
T“ X
ISR
(s o
Uy 5]
§Q_$ R
e e as
! v y/mu
I i anann
imy
imIan Loy
/
/
FRuf Y
F it
] 41/
/ I 50
/
i /
) yim/
Fig. 3 ; vanY
Anode current as a function of the grid bias, with ! !
Va =550 V, Vg, = 250 V; Va =550V, Vg, = - LA 0
200 V and Ve = Vg, = 300 V. -5 —p0 =125 -0 ~75 ~50 25 ¢
24518
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F 443 N

24518
m,aw,] H}IHH TR IT,
Ve 300 V]
300
[l Vg1= 0V
H-6v
200 ! -2V
Bl o metaL
1 -
=T -24
/ ” = il —30V
F LA LT =
100 gosens e s T
8 g s =42y HH Tig. 4
RN aaiinEs i Anode current as 2 func-
S =il tion of the anode voltage
LT EE s “"5 for different values of grid
oHEEE EEBY bias. Va. = 300 V.
0 100 200 300 400 500 " vall) 600
lalmA) 24513
2007 =
S gt icicy
id-gV
Et_‘:*/ : o
i
150
100
S04/
Fig. 5 -
Anode current as a func-
tion of the anode voltage
for different values of grid s
bias. Vg. = 250 V. 0
o

200 a(mAl IH} Emﬂ” T ;z,.;.jﬂ
FH Vi 200V
L7 =0V
i
150 EEWSES
<1 LAV
100 II - Ll ~18
Tf I = H Lo, <29y
T mpasEEEEeEk I AE
bl my; =SS P "
SERENRE = EEER 2l Tig. 6
e SEEEE == LTt vl Anode current as a func-
[ =SSS tion of the anode voltage
[ Tn_= for different values of grid
3 = 7 It bias. ¥Fygy = 200 V.
ad 200 400 600 800 000wl 1206
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F 443 N

OPERATING DATA

Class AB | (lass AB | Class AB
singe | singe | “WBRT | WEE | W
mj’i‘é’:l' m;:é)rh' '\ﬁlto fg:ged a]qto.
(Class A) | (Class A) (tl‘:lvz (;l\il(s, (&?E
valves) valves) valves)
Anode voltage . . . . . . T, (V) 550 300 570 300 300
Screen voltage . . . . . .| Vg, (V) 200 300 250 . 300 300
Fixed grid blas . . . . .} Vg (V) —30 —40 — —63 —
Common cathode resistor
for auto. hias . . . . .| Rp(chms) 647 455 | 445 — 330
Anode current
(without signal) . . . . | /4 (mAa) 45 83 2K 45123015612 < 64
Anode current at max.
modulation . . . . . L, e _— —_ 2083 2x72.5)12:72.5
(mA)
Screen current
(without signal) . . . . | [ m(mA) 1.4 $.6 1230812041220
Sereen current at max.
modulation . . . . . . | Iy max — — |2 7412143120119
(mA)
Mutual conductance . . . }S(mA/V)| 3.2 3.9 — — —
Internal resistance . . . . | R;(ohms)| 30,000 | 20,000 — — —
Load resistor
(between anodes) . . . . |Rg4q(ohms)| 12,000 | 3,600 | 12,000 | 4,500 | 4,000
Power output . . . . . . | W, (W) 12 10.3 41 26.5 24
Distortion at max. output | dr (%) 10 10 4.3 4.5 2.9
Alternating grid voltage at
max. modulation. . . . | T (V)| 153 20 37 46 39
Gy (3 Wl (¥
207 - T TP T Fur 20
’ e
yu'ory

Figz, 7 =t

Total distortion and alter- ] 5

nating grid voltage as

functions of the output

power with Va = 17y, = "

300 V. F 443 N used as -y HHHT

a single output valve, a e
6 8 10 welw) 2

Isa0
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Zasex

MAXIMUM RATINGS

Vao =
Ve
W, =
ngo
Vya
Wgs (F; = 0)

Wy (W = max) =

I

il

l

f

Fig.
Total distortion, total
anode and screen-grid

current and alternating

grid voltage as functions

of the output power. Two

¥ 443 N valves in a balan-

ced output stagewith auto-

matic bias. Ve = Vg, =
300

max,
max.
max.
max.
max,
max.
max.

9

<t
O[\')O‘(%
[e= ] S )

He = 02 Gt

[
[=
Hl<<zm<<

o W

drot(%) Ve V)

20

15

12

Iy

Voo (Iyn = + 0.3 pA)
Rylk (ardo. bius)

'R(/IIJ (fized bias)

F 443 N

Fig. 8
Total distortion and al-
ternating grid voltage as
functions of the output
power, with Va = 550 V
and Fyy = 200 V. F 443N
used as a single output

valve.

max. 100 mA
max. —2 V
max. 0.3 M ohm
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F 443 N

Gyt {o8) Ttk EmA) g2(mA
20 & T moTaaa 200 80
i
“*.. g2 300V
Raa'=<4500.0
15 e ml/gl- -63V 50 60
A ‘,*- - s =
T
10 2 100 40
BPy
ad 'rqr
BogESERaRiEann)
5 A —50 20
/V T "[I i
- | L
T Eamam !
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I T I
[4] T I 1T 1710 o
5 20 25 Wolw) 30
39404
Tig. 10
Total distortion, total anode and screen-grid cenrrent and alternat-
ing grid voltage as functions of the output power. Two F 443 N valves
in a balanced outpunt stage with fixed bias. Va = Vg, = 300 V.
dotl%) VaterslV) la(mA) Ig2(mA)
N T FAAIN 29-8-H1
B0 Va=5507 50 30
Frrivg2-250v
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0 40 LU e w00 20
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Fig. 11
Total distortion, total anode and screen-grid current, and alter-
pating grid voltage as functions of the output power. Two I 443 N
valves in a balanced output stage with automatic bias. ¥a = 550 V,
Vg, = 250 V.
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CF 50

CF 50 Microp]none pre amplifier pentode

The CI' 50 was specially designed for the amplification of very low  f12x45

voltages. Hum, background noise and microphony have all been |
reduced to a minimum and the principal application of the valve
is as a pre-amplifier in crystal or ribbon-microphone equipment.
This valve is capable of being operated to give a stage gain of about
300, producing an effective alternating output voltage of 3 V with
less than 1 %, distortion or, if required, a gain factor of between 395
and 45 with distortion less than 0.4 %; and an output voltage of
0.1 V5. This versatility of the valve may be ascribed to the fact that
the input signals in this case are extremely small.
Details of the operating possibilities of this valve are set out in
Tables I and II.
In view of the fact that the valve is specially intended for the ampli-
fication of very small signals, extra care must be taken to prevent
hum, since otherwise the level of the hum will quickly approach that
of the input signal itself. For this latter reason the valve is equipped
with a bifiliar filament, in consequence of which the external
magnetic field is very weak; as this field is proportional to the
strength of the current, the heater current has been kept as low as
possible, namely 200 mA, so that, in effect, there is hardly any external
field at all. To ensure
ey Sullicient emission from
$mA%] the cathode on this cur-
rent it has been neccs-
sary to employ a heater
voltage of 30 V. The
Uz o 100 V ultimate result is that,
J/]’z using a grid impedance
of 0.5 megohm, the vol-
tage on the grid corres-
THH T ponding to the hum on
Ph H RV both grid and anode is
less than 1 uV. Taking
e into consideration the
SEcAandi tak enar AALS fact that the voltage
i delivered by the micro-
phone is of the order of 1

TF3%0 W3, 1

4

[~

Fig. 8 extremely low. In fact,

maxf

Fig. 1

2925

Fig. 2
Arrangement of
electrodes and
base connections.

mV, it may be

claimed that the ripple level is very low

.w":;.:;-;, = indeed. In a cathode resistor without
4 “" a decoupling capacitor the induced ripple
LA voltage will be about 20 uV.

kA The equivalent noise resistance of the
7 CF 50 is 2,500 ohms, which corresponds
to an effective value of 0.7 uV for the
L a noise voltage on the grid at a bandwidth
s W -4 - e - o of 10,000 c¢/s and this, compared with
the voltages applied to the grid, is also

the equivalent

Anode current J«, screen-grid current Ty, and noise resistance gives the impression

mutual conductance & as functions of the garid . .
bias Vg, with Fu = 250 V and Py, = 100 V. of belng 111111(‘0('5.‘511‘1'1]}'

low in com-
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CF 50

parison with the custom- fkmd) — J2921
ary value of the grid o HLL -
leak, but it should be  FH - FHHFH P e a0y VL HH AT
remembered that crystal LT e
microphones have a 1
markedly capacitive EERN L
character, due to which e
fact the noise resistance 10 HH

. -0.5V,
of the microphone, for == 1 T
the greater part of the ! !
frequency range, is con- < -1y
siderably lower than  eirfic H
the matching resistance . R 5y
based on the response ST H
over a relatively small . 3V
range of low frequencies. e a5y
The. low valu.e of ’Fhe 00 P 200 300 400] Va(V)I ‘ '500
equivalent noise I‘GS.le:- Fig. 4
ance of the CF 50 is a Anode current as a function of the anode voltage for different values

of grid bias, at a screen potential of 100 V.

result of the high mutual
conductance with a low
anode current (S = 3.3 mA/V, I, = 1.5 mA).

Finally it may be noted that microphony is eliminated as far as possible by the use
of special double mica supports for the system of electrodes; on the whole, then, the
CF 50 is an excellent valve for the pre-amplification stage of the more sensitive type
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Fig. 5 Fig. ¢
sercen-grid current as a function of the screen Anode current as a function of the screen voltage
voltage for different values of grid bias, with for different values of grid bias, with 250 V anode
250 V anode voltage. voltage.
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of amplifier, more especially on account of the low noise resistance in cases where the
voltage to be amplified comes from a source of which the noise rvesistance is also com-
paratively low.

AN S0 10000u:F
.- T 2l
Vi EE
=t L Zg’?’ M0
X a5[1F ‘b
:‘:qu Ry Ry
<L A QluF e P
- W 1m = ﬂﬁkn ot
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Tig, ¢

STATIC RATINGS

Anode voltage
Screen-grid voltage .

srid bias.

Anode current
_Screen-grid current .
Mutual conductance .

Internal resistance e
Amplification factor; screen with respect to control

grid .

Equivalent noise re;
50 to 10,000 c/s

Circuit diagram showing the CF 50 used a3 a
microphone pre-amplifier.

TABLE 1

OPERATING DATA: CF 50 used as resistance-coupled A.F. amplifier without
gain control (see Fig. 7)

——

HEATER RATINGS
Heating: indirect, A.C. or
D.C., series or parallel
supply.

Heater voltage 7y = 30 V.
Heater current Iy == 0.200 A,

CAPACITANCES

FLJQ#F Cagr < 0.03 ppF

Fa409

sistance in the frequency range

Haan

Ry

n =13 puF
Cq = 145 uuF

= 100 V 250 V
= 100 V 100 V
= —2 V¥ —2 vV

= 1.5 mA 1.5 mA

= 0.3 mA 0.3 mA

= 3.3 mA/V 3.3 mA/V
= 2 M ohms 2.5 M olms

= 43 15

= — 2,500 ohms

Supply Anode Screen- Cathode Anode Screen | Voltare { Output Total
voltage resistor grid series resistor current current gain voltage {distortion
resistor
Vo Ra Ry % Ia 1y, Vol Vi Vo dtot.
(V) (M ohm) | (M ohm) (ohms) (mA) (mA) (Veff) (90}
250 0.3 0.9 2,000 0.7 0.18 3156 3 <1
200 0.3 0.8 3,000 0.5 0.15 260 3 < 1
100 0.3 0.4 7,000 0.2 0.07 150 3 <1
250 0.2 0.7 1,800 0.9 0.22 295 3 < 1
200 0.2 0.64 2,000 0.7 0.18 245 3 <1
100 0.2 0.32 5,000 0.3 0.09 145 3 <1
250 0.1 0.64 1,800 0.9 0.22 280 3 <1
200 0.1 0.56 2,200 0.7 0.19 230 3 <1
100 0.1 0.28 5,000 0.3 0.09 140 3 << 1

287



CF 50

TABLE II

OPERATING DATA: CF 50 used as a resistance-coupled A.F. amplifier with
control of the amplification (see Fig. 7)

Supply Anode Screen- Grid Anode Screen- | Voltage | Output Total
voltage resistor | grid series bias current grid gain voltage |[distortion
resistor current

T Ra Iy, Vg, Ia Igy Vo/Vi Vo dtot

(W2 (M ohm) | (M ohm) W) (mA) () (Ved) (%)
450 0.3 1.0 —2 14 0.38 395 0.1 0.2
450 0.3 1.0 —6 0.72 0.18 260 0.1 0.2
450 0.3 1.0 —10 0.22 0.06 90 0.1 0.2
450 0.3 1.0 —11 0.11 0.04 45 0.1 0.4
450 0.3 1.0 —12 0.04 0.02 7 0.1 3
450 0.2 0.8 —2 1.78 0.44 350 0.1 < 0.2
450 0.2 0.8 —6 0.94 0.23 230 0.1 < 0.2
450 0.2 0.8 —10 0.18 0.05 45 0.1 < 0.2
450 0.2 0.8 —11 0.08 0.02 20 0.1 0.4
450 0.2 0.8 —12 0.03 0.01 3 0.1 3
450 0.1 0.5 —2 2.8 0.64 245 0.1 < 0.2
450 0.1 0.5 —6 1.5 0.33 180 0.1 < 0.2
450 0.1 0.5 —10 0.25 0.05 38 0.1 0.3
450 0.1 0.5 —I11 0.09 0.02 15 0.1 1.1
450 0.1 0.5 —I12 0.03 0.01 3 0.1 5

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . . ¥, = max. 550 V
Anode voltage . . . . . . . . . ... ... ... ¥V, = max. 250V
Anode dissipation . . . . . . . . ... ... 0.0 W, =max. 1 W

Screen voltage in cold condition . . . . . . . . . . Vg = max. 550 V
Screen voltage at I, = 1.5mA. . . . . . . . . .. V,u = max. 1256 V
Screen voltage at I, << 0.25mA . . . . . . . . . . ¥, = max. 450 V
Screen dissipation. . . . . . . . . .. . . .. .. Wgp = max. 0.5 W
Cathode current. . . . I = max. 10 mA

Grid voltage at grid current start ([, = -+ 0.3 pA) ¥V, = max. —1.3 V
External resistance between control grid and cathode Ry = max. 3 M ohms

External resistance between hecater and cathode . . . Rp = 20,000 ohms
Voltage between heater and cathode . . . . . . . . Vg = max. 100 V



