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This booklet contains a selection from the Philips Electron Tube 
Handbook and data of types which are still in the development 
stage. The technical data of the latter types are green as "De-
velopment Sample Data" . 
The data in this booklet are primarily intended for equipment 
design . 
The fact that a type is included does not imply that it can al -

ways be supplied at short notice. 

Development samples are distributed without guarantee for fur-
ther supply. Development sample data represent the character-
istics and ratings of development samples and are to be regarded 
as first indications of the ultimate performance to be achieved by 
the product in preparation. 
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GENERAL OPERATIONAL RECOMMENDATIONS 

CATHODE-RAY TUBES 

GENERAL 

Unless otherwise stated the data are given for a nominal tube. 

LIMITING VALUES 

Unless otherwise stated the tubes are rated according to the absolute maximum 
rating system. 

HEATER 

Parallel operation 

The heater voltage must be within t7 ~ of the nominal value when the supply 
voltage is at its nominal value, and when a tube having the published heater 
characteristics is employed. 
This figure is permissible only if the voltage variation is dependent upon more 
than one factor. In these circumstances the total tolerance may be taken as the 
square root of the sum of the squares of the individual deviations arising from 
the effect of the tolerances of the separate factors, providing no one of these 
deviations exceeds ±5 ~ . Should the voltage variation depend on one factor only, 
the voltage variation must not exceed ±5 °Jo . 

Series operation 

The heater current must be within f5 ~ of the nominal value when the supply 
voltage is at its nominal value and a tube having the published heater character-
istics is employed. This figure is permissible only if the current variation is 
dependent upon more than one factor. In these circumstances the total tolerance 
may be taken as the square root of the sum of the squares of the individual devia-
tions arising from the effects of the tolerances of the separate factors, providing 
no one of these deviations exceeds ±3.5 ~. Should the total current variation 
depend upon one factor only, the current variation must not exceed ±3.5 ~. 
When calculating the tolerances of associated components, the ratio of the change 
of heater voltage to the change of heater current ina typical series chain includ-
ing acathode ray tube is taken as 1.8, both deviations being expressed as per-
centages. 
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DATER (continued) 

With certain combinations of valves and tube, differences in the thermal inertia 
may result in particular heaters being run at exceedingly high temperature dur-
ing the warming up period. During this period unless otherwise stated in the 
published data, it is permissible for the heater voltage of the tube to rise to a 
maximum value of SO ~ in excess of the nominal rated value when using a tube 
with the published heater characteristics. A surgelimiting device may be neces-
sary in order to meet this requirement. When measuring the surge value of 

heater voltage, it is important to employ a peak reading device, such as an os-
cilloscope. \-` 
In addition to the`c,.~ueE~--above, fluctuations in the mains supply voltage not ex-
ceeding t10~ are permissible. These conditions are, however, the worst which 
are acceptable and it is better practise to maintain the heater as close to its 
published ratings as possible. Furthermore in all types of equipment closer 

adjustment of heater voltage or current will react favourably upon tube life and 
performance . 

CATHODE 

The potential difference between cathode and heater should be as low as possible 
and in any case must not exceed the limiting value given on the data sheets for 
individual tubes. Operation with the heater positive with respect to cathode is 
not recommended. In order to avoid excessive hum the A.C. component of the 
heater -to-cathode voltage should be as low as possible e.g. less than 20 Vrms• 
When the heater is in a series chain or earthed, the 50 c/s impedance between 
heater and cathode should not exceed 100 kSl. If the heater is supplied from 

separate transformer windings the resistance between heater and cathode must 
not exceed 1 MS2. 

ELECTRODES 

In no circumstances should the tube be operated without a D.C. connection 

between each electrode and the cathode. The total effective impedance between 
any electrode and the cathode should be as low as possible and must never be 
allowed to exceed the published maximum value. 

ELECTRODE VOLTAGES 

Reference point for electrode voltages is the cathode. For cathode drive service 
the reference point is grid No.l. 

Grid cut-off voltages 

Values are given for the limits of grid cut-off voltage per unit of the first accel-
erator voltage. The brightness control voltage should be arranged so that it can 
handle any tube within the limits shown, at the appropriate first accelerator 
voltage. 7Z2 5880 



First accelerator voltage 

The firs[ accelerator electrode of a so called unipotential lens provides by apply-
ing affixed voltage independent focus and brightness controls. Care should be 

taken not to exceed the maximum and minimum limits for reasons of reliability 

and performance . 

Deflection blanking electrode voltage 

The mean potential of the deflection blanking electrode should be equal to that of 

the first accelerator. 

If applicable the voltage difference (~Vg3) given in the data should be applied to 
the beam blanking electrode to obtain beam blanking of a stated beam current for 
all tubes of the relevant type. 

Focusing voltage 

The focusing electrode voltage limits are given in the data. The focus voltage 
supply should be arranged such that it can handle these limits, so that in any tube 

the crows -sectional ,area of the electron-beam on the screen can be optimally 

displayed. As the focus current is very limited a high resistance series chain 

may be used. 

Astigmatism control electrode voltage 

To achieve optimum performance under all conditions it is desirable to apply a 
voltage for control of astigmatism (a difference in potential of this electrode and 

the y plates). The required range to cover any tube is given in the relevant data. 

Beam centring electrode voltage 

The beam centring electrode facilitates the .pess-ibi.l-iEy-fe centre the scan in x-

direction with respect to the geometric centre of the faceplate by applying a volt-

age, the limits of which are given in the relevant data, to this electrode. Opti-
mum condition is obtained when the brightness at both left and right edges of the 
scan are equal. 

Deflection plate shield voltage 

It is essential that the deflection plate shield voltage equals the mean y plates 

voltage . 

Geometry control electrode voltage 

By varying the potential of this electrode the necessary range of which is given 

in the relevant data the possible occurrence of pin-cushion and barrel-pattern 

distortion can be controlled. 
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Deflection voltages 

For optimum performance it is essential that true symmetrical voltages are 
applied. It should further be noted that the mean x and y plate potentials must be 
equal. Moreover the deflection plate shield voltage, the mean astigmatism con-
trol voltage, if applicable the mean beam ceniringelecirode voltage and the geo-
metryelectrode voltage should also be equal to the mean x and y plate potentials . 
If use is made of the full deflection capabilities of the tube, the deflection plates 
will intercept part of the electron beam near the edge of the scan. Therefore a 
low impedance deflection plate drive is necessary. 

Raster distortion and its determination 

Limits of raster distortion are given for most tubes. 
A graticule, consisting of concentric rectangles is aligned with the electrical 

x axis of the tube. The edges of a raster will fall between these rectangles with 
optimum correction potentials applied. 

Measuring procedure: 

a) Shift the x-trace to the centre of the graticule. 

b) Align horizontal centre line of graticule with the centre line of the x -trace. 

c) Shift x-trace vertically between resp. upper and lower two horizontal lines of 
graticule . 
The centre of the x-trace now will not fall outside the area bounded by the 
horizontal graticule lines . 

d) Without moving the graticule, switch to a vertical trace and shift this trace 
horizontally (resp. left and right) between the pairs of vertical lines of the 
graticule, and also now the centre of the y-trace will not fall outside the area 
bounded by the vertical graticule lines. 

e) Focus and astigmatism will be adjusted for optimum performance. 

f) Pattern geometry correction will be adjusted for optimum performance in the 
sense of minimizing simultaneously the deviation of the centre of x- respec-
tively y-trace. 

Linearity 

The linearity is defined as the sensitivity at a deflection of 75 °/~~ of the useful 
scan with respect to differ from the sensitivity at a deflection of 25 ~ oftheuse-
ful scan. These sensitivities will not differ by more than the indicated value. 

Post deflectiun shield voltage 

In order to optimize contrast in mesh tubes a fixed negative voltage with respect 
to the geometry control electrode voltage should be applied. The range is given 
in the data . 

7Z2 5882 



Helix resistance 

In order to calculate the high tension supply a minimum resistance is given in 
the data . 

Final accelerator voltage 

Tubes with PDA are designed for a given final accelerator voltage to astigmatism 
control electrode voltage ratio. Operation at higher ratio may result in changes 
in deflection uniformity and pattern distortion. 

High tension supply 

In order to avoid damage of the screen it is important that prior to the high ten-
sion adeflection voltage e.g. the time base voltage is applied. 

LINE WIDTH 

Shrinking raster method. Conditions as given in the relevant data. 
Focus and astigmatism potentials should be adjusted for optimum performance. 
Optimum performance is that adjustment which will simultaneously minimize the 
horizontal and vertical trace widths at the centre of the useful scan. 
The raster shall be compressed until the line structure first disappears orbe-
gins to overlap or show reverse line structure. 
The line width is equal to the quotient of the width of the compressed pattern 
transverse to the line structure divided by the number of lines which are being 
scanned 
In older types the line width is measured on a circle with the aid of a micros-
cope. 

CAPACITANCES 

Unless otherwise stated the values given are nominal values measured on a cold 
tube on the tube contacts. The contacts and measuring leads or sockets being 

screened. 

MOUNTING 

Unless otherwise stated the mounting position is any. However, the tube should 
not be supported by the base alone and under no circumstances should the socket 
be allowed to support the tube . 
To avoid dangerous glass strain care should be taken when installing the tube. 

Shielding 

The tubes must be shielded ~gainst electrical and magnetic fields. 
Special attention should be p9id to the mounting of transformers, coils etc. 

7Z2 5883 



SCREEN 

To prevent screen burn stationary or slow moving spots together with high screen 
currents should be avoided. 
If measurements are to be made under high ambient light conditions it is advis-
able to use a contrast improving filter and or a light hood. 

TRACKING ERROR 

Tracking is the ability of a multigun tube to superimpose simultaneously infor-
mation from each gun. 
Tracking error is the maximum allowable distance between the displays of any 
two guns . 

7Z2 5884 



RATING SYSTEMS 
( in accordance with I.E.C. publication 134 ) 

Absolute maximum rating system 

Absolute maximum ratings are limiting values of operating and environmental 
conditions applicable to any electronic device of a specified type as defined by 
its published data, which should not be exceeded under the worst probable con-
ditions . 

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to 
variations in the characteristics of the device under consideration and of all 
other electronic devices in the equipment. 

The equipment manufacturer should design so that, initially and throughout life, 
no absolute-maximum value for the intended service is exceeded with any device 
under the worst probable operating .conditions with respect to supply voltage 
variation, equipment component variation, equipment control adjustment, load 
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices 
in the equipment. 

Design-maximum rating system 

Design-maximum ratings are limiting values of operating and environmental 
conditions applicable to a• bogey electronic device of a specified type as defined 
by its published data, and should not be exceeded under the worst probable con-
ditions . 

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking responsibility for the effects of changes in oper-
ating conditions due to variations in the characteristics of the electronic device 
under consideration. 

The equipment manufacturer should design so that, initially and throughout life, 
no design-maximum value for the intended service is exceeded with a bogey 
device under the worst probable operating conditions with respect to supply-
voltage variation, equipment component variation, variation in characteristics 
of all other devices in the equipment, equipment control adjustment, load vari-
ation, signal variation and environmental conditions. 
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Design-centre rating system 

Design-centre ratings are limiting values of, operating and environmental con-
ditions applicable to a bogey electronic device of a specified type as defined by 
its published data, and should not be exceeded under normal conditions. 

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device in average applications, taking responsibility for normal 
changes in operating conditions due to rated supply-voltage variation, equipment 
component variation, equipment control adjustment, load variation, signal vari-
ation, environmental conditions, and variations in the characteristics of all 
electronic devices. 

The equipment manufacturer should design so that, initially, no design-centre 
value for the intended service is exceeded with a bogey electronic device in 
equipment operating at the stated normal supply-voltage. 

7Z2 5066 



NOMENCLATURE 

Two type nomenclature systems are currently in existance for our C . R .tubes . 
All future tubes will have numbers in the "new system", earlier tubes will 
retain numbers in the "old system" . 

NEW CODE SYSTEM 

The type number consists of a single letter followed by two sets of figures ending 
with one or two letters. 

The first letter indicates the prime appplication of the tube. 

A - Television display tube for domestic application 

D - Oscilloscope tube -single trace 

E - Oscilloscope tube -multiple trace 

F - Radar display tube -direct view 

L - Display storage tube 

M - T.V. display tube for professional application -direct view 

P - Display tube for professional application -projection 

Q - Flying spot scanner 

The first group of figures indicates the diameter or diagonal of the luminescent 
screen in cm . 

The second group of figures is a [wo-figure serial number indicating a particular 
design or development. 

The second group of letters indicates the properties if the phosphor screen. 

The first letter denotes the colour of the fluorescence or phosphorescence in 
the case of long or very long afterglow screens. 

The second letter of this group is a serial letter to denote other specific differ-
ences in screen properties,;

7Z2 5885 
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A - Purple -reddish purple -bluish purple 

B - Blue -purplish blue -greenish blue 

D - Blue green 

G - Green -bluish green -yellowish green 

K - Yellow -green 

L - Orange -Orange pink 

R Red -reddish orange -red purple -purplish red -pink -purplish pink 

Y - Yellow -greenish yellow -yellowish orange 

W - White screen for T.V. display tubes 

X - Three-colour screen for T.V. display tubes 

OLD SYSTEM 

The type number consists of two letters followed by two sets of figures. 
The first letter indicates the method of focusing and deflection: 

A - Electrostatic focusing and electromagnetic deflection 

B - Electrostatic focusing and electrostatic deflection 

M - Electromagnetic focusing and electromagnetic deflection 

The second letter indicates the properties of the phosphor screen. 

See also section "Screen Phosphors" 

The first group of figures: 

for round tubes: screen diameter in cm 

for rectangular tubes: screen diagonal in cm 

The second group of figures denotes the serial number. 

7Z2 5886 



LIST OF SYMBOLS 

Symbols denoting electrodes and electrode connections 

Heater or filament f 

Cathode k 

Grid g 
Grids are distinguished by means of an additional 
numeral; the electrode nearest to the cathode 
having the lowest number. 

Deflection plates intended for deflection in horizon- xl, x2 
tal direction. 

Deflection plates intended for deflection in vertical yl , y2 
direction. 
Sectioned deflection plates are indicated by an 
additional decimal e.g. yl .l Y1.2 and y2.1 Y2.2 

External conductive coating m 

Fluorescent screen p 

Tube pin which must not be connected externally i.c. 

Tube pin which may be connected externally n.c. 

Symbols denoting voltages 

Symbol for voltage, followed by an index denoting V 

the relevant electrode. 

Heater or filament voltage V f 

Peak value of a voltage V p

Peak to peak value of a voltage V pp 
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Symbols denoting currents 

Remark I The positive electrical current is di-
rected opposite to the direction of the 
electron current. 

Remark II The symbols quoted represent the av-
erage values of the concerning cur-

rents unless otherwise stated. 

Symbol for current followed by an index denoting 
the relevant electrode. 

Heater or filament current 

Symbols denoting powers 

Dissipation of the fluorescent screen 

Grid dissipation 

Symbols denoting capacitances 

See I.E.C. Publication 100. 

I 

If 

W ~ 

W g

Symbols denoting resistances 

Symbol for resistance followed by an index for the R 
relevant electrode pair. When only one index is 
given the second electrode is the cathode. 

When R is replaced by Z the "resistance should 
read "impedance" 

Symbols denoting various quantities 

Brightness B 

Frequency f 

Magnetic field strength H 

Deflection factor M 

7Z2 5888 



PART 2 

INSTRUMENT CATHODE-RAY TUBES 



PREFERRED TYPES 

INSTRUMENT CATHODE-RAY TUBES 

S
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n
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er

 

3 cm (1") DH3-91 

7 cm (3") 

DB7-11 

DB7-78 

DH7-11 
DG7-31 
DG7-32 
DH7-78 

DN7-11 

DN7-78 

DP7-11 

DP7-78 

10 cm (4") 
D10-11BE 
D10-12BE 
E10-12BE 

D10-11GH 
D10-12GH 
E10-12GH 

D10-11GP 
D10-12GP 
E10-12GP 

D10-11G M 
D10-12GM 
E10-12GM 

13 cm (5") 

D13-16BE 
D13-16BE 
D13-17BE 
D13-21BE 

D13-24BE 

D13-16GH 
D13-17GH 
D13-21GH 
D13 -23GH 

D13-26GH 
D13 -27GH 

D13-16GP 
D13-17GP 
D13-21GP 

D13-26GP 

D13-16G M 
D13-17GM 
D13-21GM 

14 cm (52") D14-lOGH 

1.1.1966 Valid until 31 December 1966 7Z2 6191 



D10-11.. 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with 10 cm diameter flat face -plate and post deflection accel-
eration by means of a helical electrode. The low heater consumption together 
with the high sensitivity and short overall length render this tube suitable for 
transistorised equipment. 

QUICK REFERENCE DATA 

Final accelerator voltage 
Vg6~ Q) 

= 4 kV 

Display area horizontal full scan 

vertical = 6 cm 

Deflection factor, horizontal M 
x = 27.5 V/cm 

vertical My = 9.8 V/cm 

SCREEN 

Colour Persistence 

D10-11BE 
D10-11GH 
D10-11GM 
D10-11GP 

blue 
green 
yellowish green 
bluish green 

medium short 
medium short 
long 
medium short 

Useful screen diameter 

Useful scan at Vg6~ p Y Vg4 = 4 

horizontal 

vertical 

min. 85 mm 

full scan 

min. 60 mm 

The useful scan may be shifted vertically to a max. of 4 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 90 mA 

7Z2 5496 
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D10-11.. 

MECHANICAL DATA 

f, 

x-Mace 

'y2 ~O 
x~ 

^a.~0 

0 
~ g6(Q 

91 93 5 k 9 
0234560 y1

~ yo ya 
014 80 9¢ 

\ oa11 0 9~ x2 
g2  ~ xl 

,:o~,~~ 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base along and under no circumstances 
should the socket be allowed to support the tube. 

Base 14 pin all glass 

Dimensions and connections 

Overall length (also inclusive socket type 55566) max. 320 mm 

Face diameter max. 102 mm 

Net weight approx. 480 g 

Accessories 

Socket (supplied with the tube) type 55566 

Final accelerator contact connector type 55560 

Mu-metal shield type 55541 

7Z2 5497 
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D1O-11.. 

f 

f 
I 

CAPACITANCES 

xl to all other elements except x2

xz to all other elements except xl

yl to all other elements except y2

y2 to all other elements except yl

xl to xz 

Y1 to Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) 
3.5 pF 

Cx2(xl) 3.5 pF 

Cyl(y2) = 2.5 pF 

CYZ(Y1) = 3.0 pF 

Cxlx2 
= 2.0 pF 

CYlY2 = 1.7 pF 

Cgl = 4.5 pF 

Ck 3.0 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 

will intercept part of the electron beam; hence a low impedance deflection plate 

drive is desirable. 

Angle between x and y traces 90o t 1° 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen 

Final accelerator voltage Vg6(~) = 4000 V 

Astigmatism control electrode voltage Vg4 = 1000 V 

First accelerator voltage Vg2 = 1000 V 

Beam current I (p) = 10 µA 

Line width l.w. = 0.35 mm 

HELIX 

Post deflection accelerator helix resistance =min. 50 MS2 

7Z2 5498 
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D1O-11.. 

TYPICAL OPERATING CONDITIONS 

Finalaccelerator voltage 

Geometry control electrode voltage 

Vg6(Q) 
Vg5

Astigmatism control electrode voltage Vg4

Focusing electrode voltage Vg3 

= 4000 V 

1000 t 100 V 1) 

1000 t 50 V 2) 

= 50 to 200 V 

First accelerator voltage Vg2 = 1000 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 25 to 67 V 

Deflection factor 

horizontal Mx = 24 to 31 V/cm 

vertical My = 8.6 to 11 V/cm 

Deviation of linearity of deflection = max. 2 °~0 3) 

Geometry distortion See note 4 

Useful scan 

horizontal full scan 

vertical = min. 60 mm 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 = 50 to 200 V per kV of Vg4

Control grid voltage for visual 
extinction of focused spot -Vgl = 25 to 67 V per kV of Vg2

Deflection factor at 

Vg6~ Q) 
/Vg4 = 4 

horizontal Mx = 24 to 31 V/cm per kV of Vg4

vertical My = 8.6 to 11 V/cm per kV of Vg4

Control grid circuit resistance Rgl max. 1 .5 MS2 

Focusing electrode current Ig3 = -30 to +30 µA 5) 

1)2)3)4)5) See page 5 7Z2 5499 
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D10-11.. 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage V 
gb(f) 

=max. 5000 
=min . 1500 

V 
V 

Geometry control electrode voltage Vg5 =max. 2200 V 

max. 2200 V 
Astigmatism control electrode voltage 

Vg4 =min. 900 V 

Focusing electrode voltage Vg3 =max. 1500 V 

First accelerator voltage Vg2 =max. 2200 V 

Control grid voltage 
negative -Vgl =max. 200 V 

positive Vgl =max. 0 V 

Cathode to heater voltage 
cathode positive V+k/f- =max. 100 V 

cathode negative V-k/f+ =max. 15 V 

Voltage between astigmatism control 
electrode and any deflection plate Vg4/x =max. 500 V 

V
g4/Y 

=max. 500 V 

Cathode current, average Ik =max. 300 µA 

Screen dissipation Wp max. 3 mW/cm2

Ratio Vg6(p)/Vg4 Vg6(p )/ Vg4 max . 4 

= max . 1 
Ratio Vg2/Vg4 Vg2/ Vg4 =min . 1 

1) This tube is designed for optimum performance when operating at the ratio 

Vgb(p )/Vg4 = 4. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

3) The sensitivity at a deflection of less than 75~ of the useful scan will not 
differ from the sensitivity at a deflection of 25% of the useful scan by more 
than the indicated value. 

4) A graticule, consisting of concentric rectangles of 50 mm x 60 mm and 
48.4 mm x 58.4 mm is aligned with [he electrical x axis of the tube. The 
edges of a raster will fail between these rectangles with optimum correction 
potentials applied. 

Sj Values to be taken into account for the calculation of the focus potentiometer. 

7Z2 5500 
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D10.12.. 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with 10 cm diameter flat faceplate and post deflection ac-
celeration by means of a helical electrode. The tube is intended for small com-
pact oscilloscopes. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area horizontal 

vertical 

Deflection factor, horizontal 

vertical 

Vg6~ Q) 4000 V 

full scan 

= 6 cm 

MX = 27.5 V/cm 

My = 9.8 V/cm 

SCREEN 

Colour Persistence 

D10-12BE 
D10-12GH 
D10-12GP 
D10-12GM 

blue 
green 
bluish green 
yellowish green 

medium short 
medium short 
medium short 
long 

Useful screen diameter 

Useful scan at Vg6~p)/Vg4 = 4 

horizontal 

vertical 

min. 85 mm 

full scan 

min. 60 mm 

The useful scan may be shifted vertically to a max. of 4 mm with respect to the 

geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

Vf = 63 V .~ 

If = 300 mA 

7Z2 5501 
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D10-12.. 

MECHANICAL DATA (Dimensions in mm) 

9~ 93 5 ~9 
0; 23 4 5°so\Y~ 

70 ~ Y2 
14 @o g4 

0d3o2~T1090 
x2 0 

Mounting position: any 

The tube should not be supported by the base alone and 
should the socket be allowed to support the tube. 

Base 14 pin all glass 

Dimensions and connections 

under no circumstances 

Overall length (inclusive socket 55566) max. 320 mm 

Face diameter 

Net weight 

Accessories 

Socket (supplied with the tube) 

Final accelerator contact connector 

Mu -metal shield 

max. 102 mm 

approx. 480 g 

type 55566 

type 55560 

type 55541 

7Z2 5502 
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D1O-12.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg6(Q) = 4000 V 

Geometry control electrode voltage Vg5 = 1000 ± 100 V 1) 

Astigmatism control electrode voltage Vg4 = 1000 ± 50 V 2) 

Focusing electrode voltage Vg3 = 50 to 200 V 

First accelerator voltage Vg2 = 1000 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 25 to 67 V 

Deflectibn factor 

horizontal Mx = 24 to 31 V/cm 

vertical My = 8.6 to 11 V/cm 

Deviation of linearity of deflection = max. 2 _ °J 3) o 

Geometry distortion See note 4 

Useful scan 

horizontal = full scan 

vertical = min. 60 ~tm 

CIRCUIT DESIGN VALUES 

Focusing voltage 

Control grid voltage for visual 
extinction of focused spot 

Deflection factor at 

Vg6(p )/Vg4 = 4 

horizontal 

Vg3

-Vgl

Mx

= 50 to 200 

= 25 to 67 

= 24 to 31 

V per kV of Vg4

V per kV of Vg2

V/cm per kV of Vg4

vertical My = 8.6 to 11 V/cn, per kV of Vg4

Control grid circuit resistance Rgl =max. 1.5 MS2 

Focusing electrode current Ig3 = -30 to +30 µA 5) 

,.. 
1)2)3)4)5) See page 6 7Z2 5503 
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D10-12.. 

CAPACITANCES 

xl to all other elements except x2 Cxl(x2) = 4.0 pF 

xZ to all other elements except xl Cx2(xl) = 4.0 pF 

yl  to all other elements except y2 Cyl(y2) = 3.0 pF 

Y2 to all other elements except yl Cy2(yl) = 3.0 pF 

xlto x2 
Cxlx2 

= 2.0 pF 

Y1 to y2
CYly2 

= 1.7 pF 

Control grid to all other elements Cgl = 5.0 pF 

Cathode to all other elements Ck = 3.0 pF 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 900 ± to 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen 

Finalaccelerator voltage Vg6(p) = 4000 V 

Astigmatism control electrode voltage Vg4 = 1000 V 

First accelerator voltage Vg2 = 1000 V 

Beam current I (p) = 10 µA 

Line width l.w. = 0.35 mm 

HELIX 

Post deflection accelerator helix resistance min. 50 MSl 

7Z2 5504 
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D10-12.. 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage Vg6(p ) 
= 
= 

max . 
min. 

5000 
1500 

V 
V 

Geometry control electrode voltage Vg5 = max. 2200 V 

Astigmatism control electrode = max. 2200 V 
voltage Vg4 = min. 900 V 

Focusing electrode voltage Vg3 = max. 1500 V 

First accelerator voltage Vg2 = max. 2200 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

Cathode to heater voltage 

cathode positive V+k/f- = max. 200 V 

cathode negative V-k/f+ = max. 125 V 

Voltage between astigmatism control 
electrode and any deflection plate 

Vg4/x = max. 500 V 

V
g4/y 

= max. 500 V 

Screen dissipation W~ = max. 3 mW/cm2

Ratio Vg6(p)/Vg4 Vg6(~)/Vg4 = max. 4 

= max . 1 
Ratio Vg2/Vg4 Vg2/Vg4 = min. 1 

7Z2 5505 
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D10-12.. 

1) This tube is designed for optimum performance when operating at the ratio 

Vgg~~,,( ;Q )/Vg4 = 4. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

3) The sensitivity at a deflection of less than 75°/-0 of the useful scan will not dif-
fer from the sensitivity at a deflection of 25°0 of the useful scan by more than 
the indicated value. 

4) A graticule, consisting of concentric rectangles of 50 mm x 60 mm and 
48.4 mm x 58.4 mm is aligned with the electrical x axis of the tube. The 
edges of a raster will fall between these rectangles with optimum correction 
potentials applied. 

5) Values to be taken into account for the calculation of the focus potentiometer. 

7Z2 5506 



D13-15.. 

INSTRUMENT CATHODE-RAY TUBE 

13 cm diameter flat faced oscilloscope tube with thin metal backing and post 
deflection acceleration by means of a helical electrode. 

QUICK REFERENCE DATA 

Final accelerator voltage V$7(p) = 4000 V 

Display area = 6x10 cm 

Deflection factor, horizontal Mx = 22.9 V/cm 

vertical 
Y 

= 5.9 V/cm 

SCREEN 

Colour Persistence 

D13-15BE 
D13-15GH 
D13-15GP 
D13-15GM 

blue 
green 
bluish green 
yellowish green 

medium short 
medium short 
medium short 
long 

Useful screen diameter 

Useful scan at Vg7(~ )/ Vg4 = 2 

horizontal 

min. 

min. 

114 

100 

mm 

mm 

vertical min. 60 mm 

The useful scan may be shifted vertically to a max. of 4 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5507 



D13-15.. 

MECHANICAL DATA (Dimensions in mm) 

1) Straight part of the bulb. 

2) Location of the recessed cavity button 

contact with respect to the X -trace. 133±1.5 

R=706 

51±1.5 

—~ 

9~ 

+i 

N 
+I 
n 

N 

+I 
M 
<o 

o, 

0 
E 

"°t ~:J~~ 
max 58.1 

.~ 

Mounting position : any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Diheptal medium shell 

Dimensions and connections 

Overall length 

Face diameter 

Net weight 

Accessories 

Socket 

Final accelerator contact connector 

Side contact connector 

Mu -metal shield 

max. 468 mm 

max. 134.5 mm 

approx. 910 g 

type 5914/20 

type 55560 

type 55561 

type 55551 

7Z2 5508 
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D13-~i5.. 

CAPACITANCES 

xl to all other elements except x2

x2 to all other elements except x l

yl to all other elements except Y2
y2 to all other elements except yl

xl  to x2

yl to Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

CxI(x2) = 2.8 pF 

Cx2(xl ~ = 2.8 pF 

Cyl(y2) = 2.8 pF 

Cy2(yl~ = 2.8 pF 

Cxlx2 
= 1.9 pF 

CYlY2 
= 1.5 pF 

Cgl = 5.5 pF 

Ck = 3.5 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the~deftection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90° ± 1°

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen 

Final accelerator voltage Vg.~( R ~ = 4000 

Astigmatism control electrode voltage Vg4 = 2000 

First accelerator voltage Vg = 2000 
2 

Beam current I(p) = 10 

Line width l.w. = 0.5 

HELIX 

Post deflection accelerator helix resistance min. 300 

V 

V 

V 

µA 

mm 

MS2 

7Z2 5509 
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D13-15.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 

Geometry control electrode voltage 

Deflection plate shield voltage 

Astigmatism control electrode voltage 

Focusing electrode voltage 

Vg~~P) 4000 V 

Vgb 2000 ± 200 V 1) 

Vg5 = 2000 V 2) 

Vg4 = 2000 ± 100 V 3) 

Vg3 = 220 to 710 V 

First accelerator voltage Vg2 = 2000 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 60 to 96 V 

Deflection factor 

horizontal Mx = 19.8 to 26.5 V/cm 

vertical My = 5.1 to 6.7 V/cm 
4 

Deviation of linearity of deflection = max. 2 °~o ) 

Geometry distortion See note 5 

Useful scan 

horizontal = min. 100 mm 

vertical = min. 60 mm 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 = 110 to 355 V per kV of Vg4

Control grid voltage for visual 
extinction of focused spot -Vgl = 30 to 48 V per kV of Vg2

Deflection factor at 

Vg7~ ~ )/ Vg4 = 2 

horizontal Mx = 11.9 to 15.6 V/cm per kV of Vg4

vertical My = 3.3 to 4.0 V/cm per kV of Vg4

Control grid circuit resistance Rgi =max. 1 .5 MS2 

Deflection plate circuit 
resistance R x , R y = max. 5 MS2 

Focusing electrode current 

1)2)3)4)5)6) See page 6 

4 

Ig3 = -15 to +10 µA 6) 

7Z2 5510 



D13-15.. 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage V g7(Q ) 
= 
= 

max. 
min . 

8800 
2500 

V 
V 

Geometry control electrode voltage Vg6 = max. 2200 V 

Deflection plate shield voltage Vg5 = max. 2200 V 

Astigmatism control electrode = max. 2200 V 
voltage 

Vg4 = min. 1000 V 

Focusing electrode voltage Vg3 = max. 1500 V 

First accelerator voltage Vg2 = max. 2200 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp = max. 2 V 

Cathode to heater voltage 

cathode positive V+k/f- = max. 200 V 

cathode negative V-k/f+ = max. 125 V 

Voltage between astigmatism control 

electrode and any deflection plate Vg /x max. 500 V 

Vg 
/y 

= max. 500 V 

Screen dissipation Wp = max. 3 mW/cm2

Ratio Vg~(p )/Vg4 Vg7(Q )/ Vg4 max. 4 

Ratio Vg2/ Vg4 Vg2/ Vg4 max. 1 

7Z2 5511 



D13-15.. 

1) This tube is designed for optimum performance when operating at the ratio 
Vgy~ ~ )/ Vg2 = Z .Operation at higher ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 

its potential will be within the stated range. 

2) This voltage should be equal to the mean x- and y plates potential. 

3) The astigmatism control electrode voltage should be adjusted for optimum 

spot shape. For any necessary adjustment its potential will be within the 
stated range. 

4) The sensitivity at a deflection of lest than 75~ of the useful scan will not 
differ from the sensitivity at a deflection of 25°0 of the useful scan by more 
than the indicated value. 

5) A graticule, consisting of concentric rectangles of 60 mm x 100 mm and ', 

58.5 mm x 98 mm is aligned with the electrical x axis of the tube. The edges ~ 

of a raster will fall between these rectangles with optimum correction poten-
tials applied. 

6) Values to be taken into account for the calculation of the focus potentiometer. 
7Z2 5512 
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Di~~i Vo■ 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with flat 13 cm diameter face, post deflection acceleration by 
means of a helical electrode, metal backed screen, deflection blanking and sec-
tioned ydeflector plates. The tube is designed to display high frequencies com-
bined with a high writing speed. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg9~~~ = 10 kV 

Display area = 6x10 cm 

Deflection factor, horizontal Mx = max. 18 V/cm 

vertical My = 6 V/cm 

SCREEN 

Colour Persistence 

D13-16BE 
D13-16GH 
D13-16GP 

blue 
green 
bluish green 

medium short 
medium short 
medium short 

Useful screen diameter 

Useful scan at Vg.9~t~/Vg5 = 6 

horizontal 

min. 

min. 

114 

100 

mm 

mm 

vertical min. 60 mm 

The useful scan may be shifted vertically to a max. of 5 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

Vg = 6.3 V 

If = 300 mA 

7Z2 6032 
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D13-16.. 

MECHANICAL DATA 

xt

9~ 
Y1.4 

Yt.3 

Yt.2 
Yt.t 
g5 

93
g1 

99

x2
g8 

Y2.4 
Y 2.3 
Y2.2 
Y21 

g4 9 
92

A—A 

48° v-20°31 

Dimensions in mm 
N 

13311.5 ~ ~~ 
 I  ~ 

- ~g9 

A 

L 

R=~p6

1 

u~ 

N 0 
d 

Yt 5+1.5~ ~ 
g9 51tt5~ ~ 

o 
r' 

+ o 
~ E 

'~ ` ~ 

Mounting position: any ~~ 
~„ 

The socket should under no circumstances be used to support the tube. 

Base 14 pin all glass 

Dimensions and connections 

Overall length (inclusive socket 55566) 

Face diameter 

Net weight: 

Accessories 

Socket (supplied with tube) 

Final accelerator contact connector 

Side contact connector 

Mu -metal shield 

d 

s 

Yt.4- Y2.4 
Y1.3- Y2.3 
Yt2- Y2.2 
Y1.t - Y2.t 

k 

f f 

mm~a 

max. 600 mm 

max. 134.5 mm 

approx. 1300 g 

type 55566 

type 55563 

type 55561 

type 55554 

1) Straight part 
2) The tolerance of the position of the neck pins with respect to the x-trace is 

t 2°
3) The tolerance of the position of the base pins with respect to the x-trace is 

+ 10°. 7Z2 6033 



D13-16.. 

CAPACITANCES 

xl  to all other elements except x2 

x2 to all other elements except xl 

Y1.1 to all other elements except 

Y2>Y1.2~Y1.3~Y1.4 

y2 1 to all other elements except 

Y1>Y2.2•Y2.3•Y2.4 

xl to x2

Y1.1 tO Y2,1 

Control grid to all other elements 

Cathode to all other elements 

g3 to all other elements 

Cxl(x2) = 2.8 pF 

Cx2(xl) = 2.8 pF 

Cyl.l(Y2~Y1.2~Y1.3•Y1.4) = 1.6 pF 

CY2.1(Yl•Y2.2•Y2.3•Y2.4) 
= 1.6 pF 

Cxlx2 
= 2.3 pF 

CY1.1•Y2.1 = 0.7 pF 

Cgl = 5.0 pF 

Ck = 3.0 pF 

Cg3 = 9 pF 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 

will intercept part of the electron beam near the edge of the scan, hence a low 

impedance deflection plate drive is desirable. 

Angle between x and y traces 90° ± to 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen 

Final accelerator voltage Vg9(p) = 10000 V 

Astigmatism control electrode voltage Vg5 = 1670 V 

First accelerator voltage Vg2 = 1670 V 

Beam current Ig9(Q) = 10 µA 

Line width l.w. 0.35 mm 

HELIX 

Post deflection acc. helix resistance min. 300• MS2 

The helix is connected between g9(f) and gg 
7Z2 6034 
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D13-16.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg9(p) = 10000 V 

Geometry control electrode voltage Vg8 = 1670 + 100 V 1) 

Deflection plate shield voltage Vg7 1670 V 2) 

Beam centring electrode voltage Vg6 = 1670 + 20 V 3) 

Astigmatism control electrode voltage Vg5 = 1670 + 100 V `~ 

Focusing electrode voltage Vg4 230 to 500 V 

Deflection blanking electrode voltage Vg3 1670 V 

Deflection blanking control voltage OVg3 max. 60 V 

First accelerator voltage Vg2 = 1670 V 

Control grid voltage for visual extinction 
of focused spot -Vgl 50 to 120 V 

Deflection factor 

horizontal Mx max. 18 V/cm 

vertical My 5.6 to 6.6 V/cm 

Deviation of linearity of deflection = max . 2 ~ 6) 

Geometry distortion See note 7 

Useful scan 

horizontal 100 mm 

vertical 60 mm 

1) 2) 3) 4) 5) ~ 7) See page 7Z2 6035 

4 



D13-16.. 

LIMITING VALUES (Absolute limits) 

Final accelerator voltage Vg9(d) 
= max. 16000 V 
= min. 9000 V 

Geometry control electrode voltage Vg8 = max. 2500 V 

Deflection plate shield voltage Vg7 = max. 2500 V 

Beam centring electrode voltage Vg6 = max. 2500 V 

Astigmatism control electrode voltage Vg5 max. 2500 V 

Focusing electrode voltage Vg4 = max. 2500 V 

Deflection blanking electrode voltage Vg3 = max. 2500 V 

= max. 2500 V 
First accelerator voltage 

Vg2 = min. 1250 V 
Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp = max. 2 V 

Voltage between cathode and heater 

cathode positive V+k/f- = max. 200 V 

cathode negative V-k/f+ = max. 125 V 

Ratio Vg9(e)/Vg5 Vg9(~)/Vg5 max. 10 

Ratio Vg2/Vg5 Vg2/Vg5 = max. 1 

Screen dissipation Wl  = max. 3 mW/cm2

Average cathode current Ik = max. 300 µA 

CIRCUIT DESIGN VALUES 

Focusing electrode voltage 

Control grid voltage for visual 
extinction of focused spot -Vgl = 24 

Vg4 = 138 to 300 V per kV of Vg2

to 72 V per kV of Vg2

Deflection factor at Vg9(~)/Vg5 = 6 

horizontal Mx max. 10.8 V/cm per kV of Vg5

vertical My 3.4 to 4.0 V/cm per kV of Vg5

Focusing electrode current Igo = -10 to +15 µA 

Control grid circuit resistance Rgl = max. 1.5 MS2 

Deflection plate circuit resistance = max. ~ 7Z2 6102 
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D13-16.. 

1) This tube is designed for optimum performance when operating at the ratio 

Vg9(f)~VgS 
= 6. 

Operation at other ratio may result in changes in deflection uniformity and 
geometry distortion. 

The geometry control electrode voltage should be adjusted for optimum per-

formance. For any necessary adjustment its potential will be within the stated 

range. 

2) This voltage should be equal to the mean x and y plates potential. 

3) The beam centring electrode voltage should be adjusted for equal brightness 
in the x direction with respect to the electrical centre of the tube. 

4) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

5) For beam blanking of a beam current Ig9(f) of 10 µA. 

6) 

7) 

The sensitivity at a deflection of less than 75°0 of the useful scan will not dif-
fer from the sensitivity at a deflection of 25~ of the useful scan by more than 
the indicated value. 

A graticule, consisting of concentric rectangles of 100 mm x 60 mm and 

98 mm x 58.2 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction po-
tentials applied. 7Z2 6103 



D13-17.. 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with flat 13 cm diameter face, post deflection acceleration by 
means of a helical electrode, metal backed screen, deflection blanking and sec-
tioned ydeflector plates. The tube is designed to display high frequencies com-
bined with a high writing speed. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg9~ f ) = 10 kV 

4x10 cm 

= max. 18 V/cm 

- 5 V/cm 

M x

My

SCREEN 

colour persistence 

D13-17BE 
D13-17GH 
D13-17GP 

blue 
green 
bluish green 

medium short 
medium short 
medium short 

Useful screen diameter 

Useful scan at Vgq~f)/Vg5 = 6 

horizontal 

min. 

min. 

114 

100 

mm 

mm 

vertical min. 40 mm 

The useful scan may be shifted vertically to a max. of 5 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5513 
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D13-17.. 

MECHANICAL DATA Dimensions in mm 

xt

9~ 
Yt.4 
Y1.3 
Yt.a 
Yt.t 
g5 
g3 
91

f f 

99

x2
g8 

Y2.4 

Y 2.3 
Y2.2 

Yzt 
g6 
g4 
9z 

k 

mm~a 

A—A 

48° v=20°
A 

N 
13311.5 

~~ 

x̀ 99 

R=~p6
N 

s 

N N 
+i++ 

m~ N °~ 

d 

5+1.5~~
51t15~ ~.n °' 

O x 

~ El 

1111

Y1.4- Y2.4 
Yt.3- Y2.3 
Yt.2-Y2.2 
Yt,t - Y2.1 

 t 

rzonx♦ `~ 

~~ S"1 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base 14 pin all glass 

Dimensions and connections 

Overall length (inclusive socket 55566) 

Face diameter 

Net weight: 

Accessories 

Socket (supplied with tube) 

Final accelerator contact connector 

Side contact connector 

Mu-metal shield 

max. 600 mm 

max. 134.5 mm 

approx. 1300 g 

type 55566 

type 55563 

type 55561 

type 55554 7Z2 5514 
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D13-17.. 

i 
r 

i 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl 

Yl.l to all other elements except 

Y2~Y1.2~Y1.3~Y1.4 

Y2.1 to all other elements except 

Y1~Y2.2~Y2.3>Y2.4 

xl to x2 

Y1.1 tO Y2.1 

Control grid to all other elements 

Cathode to all other elements 

g3 to all other elements 

FOCUSING electrostatic 

Cxl(x2) = 2.8 pF 

Cx2(xl) = 2.8 pF 

Cyl.l(y2~y1.2~y1.3~y1.4) = 1.7 pF 

CY2.1(y1~Y2.2~Y2.3~Y2.4) 
1.7 pF 

Cxlx2 
= 2.3 pF 

CYI.I°5'2.1 = 0.7 pF 

Cgl = 5.0 pF 

Ck = 3.0 pF 

Cg3 = 9 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam near the edge of the scan, hence a low 
impedance deflection plate drive is desirable. 

Angle between x and y traces 90° + 1 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen 

Final accelerator voltage Vg9(p) 10 000 V 

Astigmatism control electrode voltage Vg5 = 1670 V 

First accelerator voltage Vg2 = 1670 V 

Beam current Ig9(~~ 10 µA 

Line width l.w. = 0.4 mm 

HELIX 

Post deflection acc. helix resistance min. 300 MSZ 

The helix is connected between g9(Q) and g8 
7Z2 5515 
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D13.17.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 

Geometry control electrode voltage 

Deflection plate shield voltage 

Beam centring electrode voltage 

Astigmatism electrode voltage 

Focusing electrode voltage 

Deflection blanking electrode voltage 

Deflection blanking control voltage 

First accelerator voltage 

Control grid voltage for visual extinction 
of focused spot 

Deflection factor 

horizontal 

vertical 

Deviation of linearity of deflection 

Geometry distortion 

Useful scan 

horizontal 

vertical 

Vgq(p ) 

Vg8 
Vg7

Vg6 

Vg5 

Vg4 

Vg3 
~V

g3

Vg2 

10 000 

1670 t 100 

= 1670 

= 1670 ± 20 

= 1670 ± 100 

= 230 to 500 

= 1670 

V 

V 

V 

V 

V 

V 

V 

1) 

2) 

3) 

4)

max. 60 V 5) 

1670 V 

-Vgl = 50.to 120 V 

Mx

My

= max. 18 

= 4.5 to 5.5 

= max. 

See note 7 

2 

V/cm 

V/cm 

6) 

100 mm 

40 mm 

CIRCUIT DESIGN VALUES 

Focusing electrode voltage Vg4 = 138 to 300 V per kV of Vg2

Control grid voltage for visual 
extinction of focused spot -Vgl 24 to 72 V per kV of Vg2

Deflection factor at Vg9~ p)/Vg5 = 6 

horizontal 

vertical 

Focusing electrode current 

Control grid circuit resistance 

Deflection plate circuit resistance 

1)2)$)4)5)6)7) See page 6. 

Mx = 

My = 

Igo = 

Rgl = 

max. 10.8 V/cm per kV of Vg5

2.7 to 3.3 V/cm per kV of Vg5

-10 to +15 µA 

max. 1.5 MSl 

max. 50 kSl 

7Z2 5516 



D13-17.. 

LIMITING VALUES (Absolute max. rating system) 

I Final accelerator voltage Vg9(Q ) 
= 
= 

max . 16000 
min. 9000 

V 
V 

Geometry control electrode voltage Vg8 = max. 2500 V 

Deflection plate shield voltage Vg7 = max. 2500 V 

Beam centring electrode voltage Vg6 = max. 2500 V 

Astigmatism control electrode voltage Vg5 = max. 2500 V 

Focusing electrode voltage Vg4 = max. 2500 V 

Deflection blanking electrode voltage Vg3 max. 2500 V 

= max. 2500 V 
First accelerator voltage Vg2

= min. 1250 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl max. 0 V 

positive peak Vgl = max. 2 V 
P 

Voltage between cathode and heater 

cathode positive V+k/f- max. 200 V 

cathode negative V_k/f+ = max. 125 V 

Ratio Vgy( f )/Vg5 Vg9(p)/Vg5 max. 10 

Ratio Vg2/Vg5 Vg2/Vg5 = max. 1 

Screen dissipation Wp = max. 3 mW/cm2

Cathode current, average Ik = max. 300 µA 

7Z2 5517 
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D13-17.. 

1) This tube is designed for optimum performance when operating at the ratio 
Vg9(p)/Vg5 = 6. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) This voltage should be equal to the mean x and y plates potential. 

3) The beam centring electrode voltage should be adjusted for equal brightness 
in the x direction with respect to the electrical centre of the tube. 

4) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

5) For beam blanking of a beam current Ig9(p) of 10 µA. 

6) The sensitivity at a deflection of less than 75~ of the useful scan will not dif-
fer from the sensitivity at a deflection of 25~ of the useful scan by more than 
the indicated value. 

7) A graticule, consisting of concentric rectangles of 100 mm x 40 mm and 
98 mm x 38.8 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall .between these rectangles with optimum correction poten-
tials applied. 7Z2 5518 



D13-19.. 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with flat face post deflection acceleration by means of a helical 
electrode, side contacts, metal backed screen, 6 cm scan for high frequency 

and high writing speed applications. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg7 ~ .Q) 

Mx = 

My

10 kV 

6 x 10 cm 

30 V/cm 

10.9 V/cm 

SCREEN 

colour persistence 

D13-19BE 
D13-19GH 
D13-19GP 
D13-19GM 

blue 
green 
bluish green 
yellowish green 

medium short 
medium short 
medium short 
long 

Useful screen diameter 

Useful scan at Vgy ~ f) /Vg4 = 6 

horizontal 

min. 

min. 

114 

100 

mm 

mm 

vertical min. 60 mm 

The useful scan may be shifted vertically to a max. of 3 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5519 
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D13-19.. 

MECHANICAL DATA Dimensions in mm 

1) Straight part of the bulb 
2) Location of the recessed cavity button 

contact with respect to the X-trace. 
r `  Nj+"1 

133'}1.5 

x2~ x1 
f 'f'k g6 

9.1
i.c gt2~~4• 

t. 
Y1 

g5 ott~5• -y2 
i.c 9 : Z 93 9~ 

>zoizce 

9~ 
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+~ 
~o
N 

+~ 

N 

51 *1.5 

of 
0 

~~ 
max 58.1 

n 
v 
v 

ozousz '

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base Diheptal 

Dimensions and connections 

See also outline drawing 

Overall length 

Face diameter 

Net weight: 

Accessories 

Socket 
Finalaccelerator contact connector 

Side contact connector 

Mu -metal shield 

max . 452 mm 

max. 134.5 mm 

approx. 910 g 

type 5914/20 
type 55563 

type 55561 

type 55551 

7Z2 5520 
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D13.19.. 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl

yl to all other elements except y2 

y2 to all other elements except yl 

xl to x2

yl to Y2 

Control grid to all other elements 

Cathode to X11 other elements 

FOCUSING electrostatic 

Cxl (x2) = 3.0 pF 

Cx2 (xl) 3.0 pF 

CYl (Y2) 3.0 pF 

CY2 (Y1) = 3.0 pF 

Cxlx2 
= 1.9 pF 

CYlY2 = 1.0 pF 

Cgl 
= 6.0 pF 

Ck = 3:5 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces . 900 +10

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage Vg7 
(f) 

= 10 

Astigmatism control electrode voltage Vg4 = 1670 

First accelerator voltage Vg2 = 1670 

Beam current I (p) = lU 

Line width 1. w . = 0.4 

HELIX 

Post deflection accelerator helix resistance = min. 200 

kV 

V 

V 

µA 

mm 

MS2 

7Z2 5521 
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D13-19.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 

Geometry control electrode voltage 

Deflection plate shield voltage 

Astigmatism control electrode voltage 

Vg7 
(p) 

Vg6

Vg5

VS4

= 

= 

= 

= 

10 

1670 ± 170 

1670 ± 85 

1670 ± 85 

kV 

V 1) 

V 2) 

V 3) 

Focusing electrode voltage Vg3 = 320 to 500 V 

First accelerator voltage Vg2 = 1670 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 53 to 82 V 

Deflection ~actor > horizontal Mx = 27 to 33 V/cm 

vertical My = 9.5 to 12.4 V/cm 

Deviation of linearity of deflection = max. 2 °~0 4) 

Geometry distortion See note 5) 

Useful scan, horizontal 

vertical 

CIRCUIT DESIGN VALUES 

= min. 100 mm 

= min. 60 mm 

Focusing voltage Vg3 = 190 to 300 V per kV of Vg4

Control grid voltage for visual 
extinction of focused spot -Vgl = 32 to 49 V per kV of Vg2

Deflection factor at 

Vg7 (!Q ~ Vg4 = 6 

horizontal M x = 16 to 20 V/cm per kV of Vg4

vertical My = 5.7 to 7.4 V/cm per kV of Vg4

Control grid circuit resistance Rgl = max. 1 .5 MS2 

Deflection plate circuit 
resistance Rx, RY = max. 1 MS2 

Focusing electrode current Ig3 = -15 to +10 µA 6) 

1)2)3)4)5)6) See page 6 7Z2 5522 



D13-19.. 

LIMI'T'ING VALUES (Absolute max. rating system) 

Final accelerator voltage V 
g7(p) 

= 
= 

max. 
min. 

12 
6 

kV 
kV 

Geometry control electrode voltage Vgb = max. 2200 V 

Deflection plate shield voltage Vg5 = max. 2100 V 

Astigmatism control electrode voltage V ~ 
g4 

= 
= 

max. 
min. 

2100 
1000 

V 
V 

Focusing electrode voltage Vg3 = max. 1500 V 

First accelerator voltage V 
g2 

= 
= 

max. 
min. 

2100 
1000 

V 
V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp = max. 2 V 

Cathode to heater voltage 

cathode positive V+k/f- = max. 200 V 

cathode negative V -k/f+ = max. 125 V 

Voltage between astigmatism control 
electrode and any deflection plate Vg4/x = max. 500 V 

V
g4/y 

= max. 500 V 

Screen dissipation Wp = max. 3 mW/cm2

Ratio Vg~ (~)/Vg4 Vgy(p) /Vg4 = max. 6 

7Z2 5523 

5 



D13-19.. 

1) This tube is designed for optimum performance when operating at the ratio 
Vg7 ~~ ) /Vg4 = 6. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) This voltage should be equal to the mean x- and y plates potential. 

3) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

4) The sensitivity at a deflection of less than 75 ~ of the useful scan will not 
differ from the sensitivity at a deflection of 25 ~ of the useful scan by more 
than the indicated value. 

5) A graticule> consisting of concentYic rectangles of 100 mm x 60 mm and 
98 mm x 58.2 mm is aligned with the electrical x axis of ihetube. Theedges 
of a rasterwill fall between these ractangleswith optimum correction poten-
tials applied. 

6) Values to be taken into account for the calculation of the focus potentiometer. 

7Z2 5524 



D13-20.. 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with flat face, 24 kV post deflection acceleration voltage, side 
contacts, metal backed screen for high frequency and high. writing-speed appli-
cations 

QUICK REFERENCE DATA 

Final accelerator voltage Vg7 ~f) = 24 kV 

Display area = 4x8 cm 

Deflection factor, horizontal Mx = 73.5 V/cm 

vertical My = 16 V/cm 

SCREEN 

Colour Persistence 

D13-20BE blue medium short 

Useful screen diameter 

Useful scan at Vg7~f)/Vg4 
g2 

= 6 

horizontal 

tnin. 

min. 

114 

80 

mm 

mm 

vertical min. 40 mm 

The useful scan may be shifted vertically to a max, of 3 mm with respect to the 
geometric centre of the faceplate 

HEATING 

Indirect by A. C . or D. C . ; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5525 
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D13-20.. 

MECHANICAL DATA 

1) Straight part of the bulb. 
2) Location of the recessed cavity button 

contact with respect to the X-trace. 

x2 xl 

kf f 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube 

Base Diheptal 12 pins 

Dimensions and connections 

See also outline drawing 

Overall length 

Face diameter 

Net weight 

max. 468 mm 

max. 134.5 mm 

approx. 910 g 

Accessories 

Socket type 5914/20 

Final accelerator contact connector type 55563 

Side contact connector type 55561 

Mu-metal shield type 55551 
7Z2 5526 
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D13-20.. 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl

yl to all other elements except y2 

y2 to all other elements except yl 

xl to x2 

Y1 tO Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) = 2.8 pF 

Cx2(xl) = 2.8 pF 

CYl(Y2) = 2.8 pF 

Cy2(yl) = 2.8 pF 

Cxlx2 
= 1.9 pF 

CYlY2 
= 1.5 pF 

Cgl = 6.0 pF 

Ck = 3.5 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90° ± 1°

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage 

Astigmatism control electrode voltage 

Beam current 

Line width 

HELIX 

Post deflection accelerator helix resistance 

Vg7(Q) = 24 

Vg4 
g2 

= 4 

I(p) = 10 

l.w. = 0.2 

min. 200 

kV 

kV 

µA 

mm 

MS2 

722 5527 
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D13-20.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg7~ Q) 24 kV 

+400 V 1) 
Geometry control electrode voltage Vg6 = 4000 

_200 V 

Deflection plate shield voltage Vg5 = 4000 V 2) 

Astigmatism control electrode voltage V = 4000 ±200 V 3) 
g4~g2 

Focusing electrode voltage Vg3 = 770 to 1200 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 120 to 192 V 

Deflection factor 

hor[zontal Mx = 67 to 80 V/cm 

vertical My = 13.5 to 18.5 V/cm 

Deviation of linearity of deflection max. 2 ~ 4) 

Geometry distortion See note 5 

Useful scan 

horizontal = min. 80 mm 

vertical = min. 40 mm 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 = 190 to 300 V per kV of V
g4' g2 

Control grid voltage for 
visual extinction of 

focused spot -Vgl = 30 to 48 V per kV of V
g4 , g2 

Deflection factor 

horizontal MX

vertical My

Control grid circuit 
resistance 

Deflection plate circuit 
resistance 

Focusing electrode 
current 

1)2)3)4)5)6) see page 6 

= 16.7 to 20 V/cm per kV of Vg4, g2 
= 3 .4 to 4.6 V/cm per kV of V

g4 , g2 

Rgl = max. 1.5 MS2 

Rx, Ry = max. 1 MS2 

Ig3 = -15 to +10 µA 6) 

7Z2 5528 



D13-20.. 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage V = max. 24 kV 
g7(Q) min. 4 kV 

Geometry control electrode voltage Vg6 = max. 4400 V 

Deflection plate shield voltage Vg5 max. 4200 V 

Astigmatism control electrode 
V 

= max. 4200 V 
voltage g4' g2 = min. 1000 V 

Focusing electrode voltage Vg3 max. 2000 V 

Control grid voltage 

negative -Vg1 = max. 200 

positive Vgl = max. U 

positive peak Vgl 
P 

= max. 2 

Cathode to heater voltage 

cathode positive V+k/f- max. 200 

cathode negative V -k/f+ max. 125 

Voltage between astigmatism 
control electrode 

Vg4/x 
- max. 500 

and any deflection plate 
Vg4/Y = max. 500 

Cathode current Ik max. 1500 

Screen dissipation Wp = max. 3 

R atio Vg~(Q 
)Vg4 ~ g2 Vg~(p )Vg4, g2 max. 6 

V 

V 

V 

V 

V 

V 
V 

µA 

mW/cm2

X -Ray warning 

X-ray shielding is advisable to give protection against possible danger of pCrsonal 

injury arising from prolonged exposure at close range to this tube when operated 

above 16 kV . 

7Z2 5529 
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D13-20.. 

1) This tube is designed for optimum performance when operating at the ratio 
Vg7~p )Vg4 

g2 
= 6. Operation at other ratio may result in changes in de-

flection uniformity and geometry distortion. The geometry control electrode 
voltage should be adjusted for optimum performance. For any necessary ad-
justment its potential will be within the stated range. 

2) This voltage should be equal to the mean x- and y plates potential. 

3) The astigmatism control electrode voltage should be adjusted for optimum 
spot_ shape. For any necessary adjustment its potential will be within the 
stated range. 

4) The sensitivity at a deflection of less than 75°jo of the useful scan will not 
differ from the sensitivity at a deflection of 25% of the useful scan by more 
than the indicated value. 

5) A graticule, consisting of concentric rectangles of 80 mm x 40 mm and 
78 mm x 39 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction po-
tentials applied. 

6) Values to be taken into account for the calculation of the Vg3-potentiometer. 



INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with flat face post deflection acceleration by means of a helical 
electrode, side contacts, metal backed screen, 4 cm scan for high frequency 
and high writing speed applications. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg (p) _ 

M x

M y

10 kV 

= 4 x 10 cm 

= 30 V/cm 

= 6.4 V/cm 

SCREEN 

colour persistence 

D13-21BE 
D13-21GH 

D13-21GP 

D13-21GM 

blue 
green 

bluish green 
yellowish green 

medium short 
medium short 
medium short 
long 

Useful screen diameter 

Useful scan at Vg~ ~ L ~/Vg4 = 6 

horizontal 

vertical 

min. 114 mm 

min. 100 mm 

min. 40 mm 

The useful scan may be shifted vertically to a max. of 3 mm with respect to the 

geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5531 
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D13-21.. 

MECHANICAL DATA 

1) Straight part of the bulb. 
2) Location of the recessed cavity button 

contact with respect to the X-trace. 

is 
g5 

i.c 
g4 92'i.c 

y6 
9.f i.c 

Y~ 
~ Y2

93 
g7 

Dimensions in mm 

f33tL5 

~otso2/ 

N +̂'t } 

M 
~~ rn

,:o~,... 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Diheptal 12 pins 

Dimensions and connections 

See also outline drawing 

Overall length max. 468 mm 

Face diameter max. 134.5 mm 

Net weight: approx. 910 g 

Accessories 

Socket type 5914/20 
Final accelerator contact connector type 55563 
Side contact connector type 55561 
Mu -metal shield type 55551 

7Z2 5532 



D13-21.. 

CAPACITANCES 

xl to all other elements except x2

x2 to all other elements except xl

yl to all other elements except y2

y2 to all other elements except yl 

xl to x2 

Y1 CO Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl (x2)
= 2.8 pF 

Cx2 (xl )
= 2.8 pF 

CY1 (y2) 
2.8 pF 

Cy2 (Y1) 2.8 pF 

Cxl x2 
= 1.9 pF 

CYlY2 
= 1.5 pF 

Cgl = 6.0 pF 

Ck = 3.5 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90° + to 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage Vg7 
(R) 

= 10 kV 

Astigmatism control electrode voltage Vg4 = 1670 V 

First accelerator voltage Vg2 = 1670 V 

Beam current I(p) = 10 µA 

Line width l.w. = 0.4 mm 

HELIX 

Post deflection accelerator helix resistance = min. 200 MSl 

7Z2 5533 
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D13-21.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg7(~) 10 kV 

Geometry control electrode voltage Vg6 = 1670 ± 170 V 1) 

Deflection plate shield voltage Vg5 1670 t 85 V 2) 

Astigmatism control electrode voltage Vg4 = 1670 t 85 V 3) 

Focusing electrode voltage Vg3 320 to 500 V 

First accelerator voltage Vg2 = 1670 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = -50 [o -80 V 

Deflection factor, horizontal Mx = 27 to 33 V/cm 

vertical My = 5.7 to 7.1 V/cm 

Deviation of linearity deflection 

horizontal = max. 1.5 ~ 4) 

vertical = max. 1.0 ~ 4) 

Geometry distortion See note 5 

Useful scan, horizontal 

vertical 

CIRCUIT DESIGN VALUES 

= min. 100 mm 

= min. 40 mm 

Focusing electrode 

Control grid voltage for visual 
extinction of focused spot 

Deflection factor at 

Vg7 (f) 
/Vg4 = 6 

horizontal 

Vg

-Vgi

Mx

= 

= 

= 

190 to 300 

30 to 48 

16.2 to 19.8 

V per kV of Vg4

V per kV of Vg2

V/cm per kV of Vg4

vertical My = 3.4 to 4.25 V/cm per kV of Vg4

Control grid circuit resistance 

Deflection plate circuit 
resistance 

Rgl = 

Rx , Ry = 

max. 

max. 

1 .5 

1 .0 

MS2 

MSt 

Focusing electrode current Ig = -15 to +10 µA 6) 

7Z2 5534 1)2)3)4)5)6) See page 6 

t 
f t 

4 



D13-21.. 

LIMITING VALUES (Absolute max. rating system) 

= max . 12 kV 
Final accelerator voltage Vgy (~ ) 

= min. 6 kV 

Geometry control electrode voltage Vg6 = max . 2200 V 

Deflection plate shield voltage Vgy = max . 2100 V 

= max . 2100 V 
Astigmatism control electrode voltage 

Vg4 = min . 1000 V 

Focusing electrode voltage Vg3 = max . 1500 V 

= max. 2100 V 
First accelerator voltage Vg2

= min. 1000 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vgl = max. 2 V 
P 

Cathode to heater voltage 

cathode positive V+k/f- = max. 200 V 

cathode negative V-k/f+ = max. 125 V 

Voltage between astigmatism control 

electrode and any deflection plate Vg4/x = max. 500 V 

V
g4/y 

= max. 500 V 

Screen dissipation Wp = max. 3 mW/cm2

Ratio Vgy 
(P)

/Vg4 Vgy ( ~ ) /Vg4 = max. 6 

7Z2 5535 
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D13-21.. 

1) This tube is designed for optimum performance when operating at the ratio 
Vg7 

(( p 
) /Vg4 = 6. Operation at other ratio may result in changes in deflection 

unifoYrhity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) This voltage should be equal to the mean x— and y plates potential. 

3) The astigmatism control electrode voltage should be adjusted for optimum 

spot shape. For any necessary adjustment its potential will be within the 
stated range. 

4) The sensitivity at a deflection of less than 75 °Jo of the useful scan will not 
differ from the sensitivity at a deflection of 25 ~ of the useful scan by more 
than the indicated value. 

-O 
5) A graticule, consisting of concentric rectangles of 100 mm x~j>6'mm and 

98.8 mm x 39 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction poten-
tials applied. 

6) Values to be taken into account for the calculation of the Vg3 —potentiometer. 

7Z2 5536 
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INSTRUMENT CATHODE-RAY TUBE 

13 cm diameter flat faced oscilloscope tube with metalbacked screen, distributed 
p.d.a. and side connections to the deflection plates. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg9(p~ 15 kV 

Display area 6 x 10 cm 

Deflection factor, horizontal Mx 12.5 V/cm 

vertical My 3. 5 V/cm 

SCREEN 

colour persistence 

D13-22BE 

D13-22GH 

D13-22GP 

D13-22GM 

blue 

green 

bluish green 

yellowish green 

medium short 

medium short 

medium short 

long 

Useful screen diameter 

Useful scan at Vg9(p)/Vg4 = 10 

horizontal 

min . 

min. 

114 

100 

mm 

mm 

vertical min. 60 mm 

The useful scan may be shifted vertically to a max. of 3 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

Vf 6.3 V 

If 300 mA 

7Z2 5961 
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D13-22.. 

MECHANICAL DATA Dimensions in mm 

1 
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Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base B12F 

Dimensions and connections 

Overall length max . 526 mm 

Face diameter max. 138 mm 

Net weight approx. 1300 g 

Accessories 

Socket type 55562 

Final accelerator contact connector type 55563 

Side contact connector type 55561 7Z2 5962 



D13-22.. 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl 

yl to all other elements except Y2 

Y2 to all other elements except yl 

xl  to x2 

yl to Y2

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) max. 6. 1 pF 

Cx2(xl) max. 6.4 pF 

Cyl (y2) max. 3.9 pF 

Cy2(yl) max. 3.9 pF 

Cxlx2 
max. 2. 1 pF 

CY1Y2 max. 2.1 pF 

Cgl max. 6.2 pF 

Ck max. 4. 1 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90 ± to 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage Vg9(p) 15000 V 

Astigmatism control electrode voltage Vg4 1500 V 

First accelerator voltage V82 1500 V 

Beam current I(~) 25 µA 

Line width l.w. 0.6 mm 

HELIX 

Post deflection accelerator helix resistance min. 175 MSZ 

7Z2 5963 
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D13-22.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg9(f) 15000 V 

Post deflection shield voltage (w.r.t. Vg7) Vg8 -12 to -18 V 

Geometry control electrode voltage Vg7 1500 f 50 V 1) 

Helix voltage lower end Vg6 1500 V 

Deflection plate shield voltage Vg5 1500 V 2) 

Astigmatism control electrode voltage Vg4 1500 ~ 50 V 3) 

Focusing electrode voltage Vg3 250 to 500 V 

First accelerator voltage Vg2 1500 V 

Control grid voltage for visual extinction 
of focused spot -Vgl 45 to 85 V 

Deflection factor, horizontal Mx 9.4 to 12.5 V/cm 

vertical My 2.3 to 3. 5 V/cm 

Deviation of linearity of deflection max. 2 ~ 4) 

Geometry distortion see note 5 

Useful scan, horizontal min. 100 mm 

vertical min. 60 mm 

1) This tube is designed for optimum performance when operating at the ratio 
Vgq(Q)/Vg4 = 10. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) This voltage should be equal to the mean x- and y plates potential. 

3) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

4) The sensitivity at a deflection of less than 75~ of the useful scan will not 
differ from the sensitivity at a deflection of 25~ of the useful scan by more 
than the indicated value. 

5) A graticule, consisting of concentric rectangles of 100 mm x 60 mm and 98 
mm x 58 mm is aligned with the electrical x axis of the tube. The edges of a 
raster will fall between these rectangles with optimum correction potentials 
applied. 7Z2 5964 
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D13-22.. 

LIMITING VALUES (Absolute max. rating system) 

max. 17300 V 
Final accelerator voltage Vg9(f) min. 6000 V 

max. 3300 V 
Post deflection shield voltage Vg8 min. 1000 V 

max. 3300 V 
Geometry control electrode voltage 

Vg7 min. 900 V 

max. 3300 V 
Helix voltage, lower end Vg6 min. 1000 V 

max. 3300 V 
Deflection plate shield voltage 

Vg5 min. 1000 V 

max. 3300 V 
Astigmatism control electrode voltage 

Vg4 min. 1000 V 

Focusing electrode voltage Vg3 max. 1500 V 

First accelerator voltage Vg2 
max. 
min. 

1700 
800 

V 
V 

Control grid voltage, 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

Voltage between astigmatism electrode 
and any deflection plate Vg4/x max. 500 V 

Vg4/y max. 500 V 

Cathode to heater voltage, 

cathode positive V~/f- max. 200 V 

cathode negative V _k/f+ max. 125 V 

Screen dissipation Wp max. 3 mW/cm2

Ratio Vg9(:Q)/Vg4 Vg9(p)/Vg4 max. 10 

7Z2 5965 
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D13-22.. 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 167 to 333 V per kV of Vg4

Control grid voltage for visual 
extinction of focused spot -Vgl 30 to 56.7 V per kV of Vg2

Deflection factor at Vg9(¢)/Vg4 = 10 

horizontal 

vertical 

Control grid circuit resistance 

Deflection plate circuit resistance 

Focusing electrode current at 
a beam current of max. 25 µA Ig3 -25 to +25 µA 1) 

Mx

R

M

~

y

K1 

Rx, Ry

6.3 to 8.4 V/cm per kV of Vg4

1.53 to 2.33 V/cm per kV of Vg4

max. 1 MS2 

max. 50 kS2 

1) Values to be taken into account for the calculation of the focus potentiometer. 
7Z2 5966 
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D13-23.. 

INSTRUMENT CATHODE-RAY TUBE 

13 cm diameter flat faced oscilloscope tube, with metal-backed screen, helical 
PDA and side connections to the x and y plates. The y plates are intended to be 
included in a resonant circuit tunable to frequencies from 300 Mc/s to 900 Mc/s 
by means of adapter units outside the tube. This tube incorporates deflection 
blanking and is intended for high frequency, narrow bandwidth displays. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vgq(~) 

Mx = 

My 

6 kV 

5x10 cm 

max. 14 V/cm 

See note 1 

SCREEN 

colour persistence 

D13-23GH green medium short 

Useful screen diameter 

Useful scan at Vg9~p~/Vg5 = 5 

horizontal 

min. 

min. 

114 

100 

mm 

mm 

vertical min. 50 mm 

The useful scan may be shifted vertically to a max. of 5 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A C. or D.C.; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5537 
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MECHANICAL DATA 

x~ —

g7. 
y~ . 
g5 
g3 
9~ 

x2 
98

Ya 
g6 
g4 
92

k 

f f nmm 

Mounting position: any 

The tube should not be supported by the base alone and under no 

should the socket be allowed to support the tube. 

nF 

x trace 

g6 

g3 

A—A 

48° v=20° 3) 

o13u~ i ~~~ao 
Qt2 ~ _ 30 
ON 40 
10 5 

O O O O 
O 

O 

g2 
g5 

g7 nc 

g8 

k 

Y1 
99

g4 
ru. 

1 

Dimensions in mm 

circumstances 

Base 14 pins all glass 

Dimensions and connections 

Overall length (inclusive socket 55566) max. 600 mm 

Face diameter max. 135.5 mm 

Net weight: approx. 1300 g 

Accessories: 

Socket (supplied with the tube) type 55566 

Final accelerator contact connector' type 55563 

Side contact connector type 55561 

1) Straight part 
2) The tolerance of the position of the neck pins with respect to the x-trace is 

t2o. 
3) The tolerance of the position of the base pins with respect to the x -trace is 

t10o' 7Z2 5538 



CAPACITANCES 

xl to all other elements except x2 Cxl (x2) 2.8 pF 

x2 to all other elements except xl Cx2(xl ) = 2.8 pF 

xl to x2 
Cxlx2 

= 2.3 pF 

Control grid to all other elements Cgl = 5.0 pF 

Cathode to all other elements Ck = 3.5 pF 

Deflection blanking electrode to all other elements Cg3 = 9 pF 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y plates 90° t 1°

HELIX 
L 

Post deflection accelerator helix resistance 

CIRCUIT DESIGN VALUES 

min. 300 MS2 

Focusing voltage Vg4 = 138 to 300 V per kV of Vg2

Control grid voltage for visual 
extinction of focused spot -Vgl = 24 to 72 V per kV of Vg2

Deflection factor at Vg9~ f )/Vg5 = 5 

horizontal Mx = max. 10.8 V/cm per kV of Vg5

vertical My See note 1 

Control grid circuit resistance Rgl = max. 1.5 MIZ 

Deflection plate circuit resistance Rx Ry = max. 50 kS2 

Focusing electrode current Igo = +15 to -10 µA 2) 

1) Depends on the frequency and the adaptors being used. 

2) Values to be taken into account for the calculation of the focus potentiometer. 
7Z2 5539 
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TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg9(p) 6000 V 

Geometry control electrode voltage Vg8 = 1300 + 100 V 1) 

Deflection plate shield voltage Vg~ = 1300 V 2) 

Beam centring electrode voltage Vg6 = 1300 ± 20 V 3) 

Astigmatism control electrode voltage Vg5 = 1300 ± 100 V 4) 

Focusing electrode voltage Vg4 = 180 to 390 V 

Deflection blanking electrode voltage Vg3 = 1300 V 

Deflection blanking control voltage ~Vg3 = max. 60 V 5) 

First accelerator voltage Vg2 = 1300 V 

Control grid voltage for visual extinction 
of focused spot —Vg1 = 31 to 93 V 

Deflection factor 

horizontal Mx = max. 14 V/cm 

vertical See note 7 

Geometry distortion See note 6 

Useful scan 

horizontal = min. 100 mm 

vertical = min. 50 mm 

1) This tube is designed for optimum performance when operating at the ratio 

Vg9~ Q )/Vg5 = 5. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) This voltage should be equal to the mean x- and y plates potential. 
3) The beam centring electrode voltage should be adjusted for equal brightness 

in the x direction with respect to the electrical centre of the tube. 
4) The astigmatism control electrode voltage should be adjusted for optimum 

spot shape. For any necessary adjustment its potential will be within the 
stated range. 

5) For beam blanking of a beam current of 10 µA. 
6) A graticule, consisting of concentric rectangles of 100 mm x 50 mm and 

98 mmx48.2 mm is aligned with the electrical x aixs of the tube. The edges 
of a raster will fall between these rectangles with optimum correction poten-
tials applied. 

~) Depends on the frequency and the adaptors being used. 
7Z2 5540 
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LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage V gq(p) 
- 
= 

max. 10000 
min. 5000 

V 
V 

Geometry control electrode voltage Vg8 max. 2000 V 

Deflection plate shield voltage Vg~ = max. 2000 V 

Beam centring electrode voltage Vg6 = max. 2000 V 

Astigmatism control electrode voltage Vg5 = max. 2000 V 

Focusing electrode voltage Vg4 = max. 2000 V 

Deflection blanking electrode voltage Vg3 = max. 2000 V 

= max. 2000 V 
First accelerator voltage 

Vg2 = min. 1200 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vgl = max. 2 V 
P 

Cathode to heater voltage 

cathode positive V+k/f- = max. 200 V 

cathode negative V_k/f+ max. 125 V 

Voltage between astigmatism electrode Vg5/x max. 500 V 
and any deflection plate Vg5/y = max. 500 V 

Cathode current (average) Ik max. 300 mA 

Screen dissipation Wp = max. 3 mW/cm2

Ratio Vgq(R)/Vg5 Vg9(p)/Vg5 max. 10 

Ratio Vg9/Vg5 Vg2/Vg5 max. 1 

7Z2 5541 
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APPLICATION DATA 

The D13-23GH is intended for use at ultra high frequencies as a monitor of 
transmitter output. 
To achieve the necessary sensitivity the y-deflection plates are designed to 

form part of a tuned circuit, resonant at the carrier frequency of the transmit-
ter. Details of the coupling units and tuning arrangements are given below. 

Mechanical construction of the coupling units 

Coil former 

Unit 1 
(475 to 575 Mc/s) 

Unit 2 
(500 to 775 Mc/s) 

Unit 3 
(675 to 900 Mc/s) 

Length 20 20 18 mm 

Diameter 9 9 3 mm 

Primary 

No. of turns 4 1.5 1.5 

Wire diameter 0.9 0.9 0.9 mm 

Approx. coil length 14 10 7 mm 

Secondary 

No. of turns 4 2 2 

Wire diameter 0.5 1.5 0.9 mm 

1 Approx. coil length 14 10 7 mm 

Trimming capacitance 0.6 to 12 0.5 to 6 0.5 to 6 pF 

Copper wire is used for all primary windings and enamelled copper wire is used 
for the secondaries. 
The secondary turns are wound between the primary turns. 
The trimmer capacitors of units 1 and 2 are connected between the secondary 
transformer windings in order to obtain good symmetry. 
For unit 3 the trimmer is connected between secondary transformer windings 
and one connecting pin of the deflection system in order not to reduce the cou-
pling factor. 

7Z2 5542 
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APPLICATION DATA (continued) 

330kf1 

720332 7203339 

Unit 1 and 2 
fig.l 

Ct trimmer capacitance 
Cp = plate capacitance 

Unit 3 
fig. 2 

L = inductivity of the strips between deflection system and pins in the neck of 
the tube 

Measurement of vertical sensitivity as a function of frequency 

1 . Adjust the trimmer so that the trimming capacitance is a minimum, to ena-
able resonance at the highest frequency to be obtained. 

2. Change the frequency of the signal generator and adjust the trimming capac-
itance successively until a maximum deflection is obtained on the tube face. 
Some care must be taken with these adjustments because several spurious 
resonances will be observed. 

3. When the resonance frequency has been found, the input impedance of the 
tube must be transformed to exactly 50 S2 to obtain a well defined signal volt-
age. For this purpose a transforming circuit is needed as shown in fig.3, 
and any reflectometer would be suitable. The impedance is matched when no 
reflection is measured and zero reflection can be obtained by the successive 
adjustment of the stubs, 1 and 2 shown in fig.3. 

4. The tube should now be connected to the generator and the output power reg-
ulated for a scan of 5 cm. 

5. Replace the tube by a Watt -meter to measure the output power, see fig.4. 

The signal voltage can be calculated from; 

VR~ = WxR = 7.07 W 

The above procedure must be repeated for matching, each time the operating 
frequency of the tube is altered. 

722 5543 
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APPLICATION DATA (continued) 

Typical power and sensitivity values 

Unit Frequency (Mc/s) Power (mW) Sensitivity (VRMS/5 cm) 

1 445 37 1.36 

1 480 39 1.40 

1 540 55 1.66 
2 565 46 1.52 

2 680 69 1.86 

3 680 91 2.14 

3 750 110 2.35 

3 800 195 3.12 

3 850 240 3.47 

3 900 390 4.43 

All measurements: V
g2+5 = 1300 V ) with respect to cathode 

Vg9 = 6000 V ) 

It should be noted that an increase in acceleration voltage will cause a loss of 
sensitivity at the lowest frequencies. At the higher frequencies this loss will 
partly be compensated by the decrease of the transit -time so that at 900 Mc/s 
the acceleration voltage can be increased to 2000 V, without changing the sen-
sitivity . 

generator 

X204066 

50.f1 stub  

attenuator 
~~~ 

aD - Zg-diagraph 
Z.D.D. 

Set-up for transformation to 50 S2 

generator 

izoaocs 

attenuator 

A: to adjust 50 mm scan 
B: to measure output power 

5011 T piece 
~874~T 

" ~^ '~"-

~~ 
f

adjustable stubs 5041 

attenuator 

tube 

watt-
meter 
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INSTRUMENT CATHODE-RAY TUBE 

The D13-24BE is a wide -band oscilloscope tube especially designed for obser-
vation and measurement of high frequence (1000 MHz) phenomena. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg9(.Q) 24 kV 

Display area 2x6 cm 

Deflection factor, horizontal Mx max . 32 V/cm 

vertical My max. 8 V/cm 

SCREEN 

colour persistence 

D13-24BE blue medium short 

Useful screen diameter 

Useful scan at Vg9(~)/Vg5 = 8 

horizontal 

min. 

min. 

114 

60 

mm 

mm 

vertical min. 20 mm 

The useful scan may be shifted vertically to a max. of 10 mm with respect to 
the geometric centre of the faceplate. The vertical useful scan will be at least 
8 mm in either direction from the position of the undeflected spot, with a total 

of at least 20 mm. A positive voltage on the vertical deflection system will de-
flect the beam towards pin no.7. 

DESCRIPTION 

The D13-24BE is a wide -band oscilloscope tube especially designed for obser-
vation and measurement of high frequence (1000 MHz) phenomena. 
The high-frequency performance of conventional oscilloscope tubes is limited 
by transit -time effects and by resonance phenomena occuring in the circuit con-

sisting of the deflection plates and their connection leads. 

7Z2 6212 
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In order to overcome these limitations atravelling-wave deflection system is 
used in the D13-24BE. This deflection system consist of a metal tape wound in 
the shape of a flattened helix and the electron beam is deflected in the region 
between the flat part of the helix and a metal plate inserted into the helix. This 
metal plate is interconnected to the shield surrounding the system. 
The mechanical dimensions of the helix have so been chosen that the signal delay 
per turn is equal to the electron transit-time per turn. This means that the tran-

sit-time effects are determined by the width of one turn only, where as the de-
felction sensitivity is determined by the sum of the deviations of the beam due to 
the field of all the turns. 
As for the transmissions of wide band signals containing ultra-high frequencies 
coaxial lines are most suitable. The deflection system has been designed for 
asymmetrical deflection (helix and plate are connected to inner and outer con-
ductor respectively). 
For the connection between the deflection system and coaxial plugs a three 
strip transmission-line is used which is brought out through the tube neck by 
means of pins sealed into the glass. The transition to coaxial plugs is made 

outside the tube. The characteristic impedance of the tube is 100 Ohms, and a 
modified version of the well-known General Radio type 874 coaxial connector is 
used (The diameter of the inner conductor has been reduced so as to obtain 
100 Ohm impedance) . Both input and output of the deflection have been brought 
out through the tube neck so that it is possible to pick up the signal which is 
being observed at the output and to use it for other purposes, if desired. 
The performance of the deflection system may be expressed in terms of band-
width (min. 1000 MHz for 3 dB down with respect to D.C.) or in terms of rise 
time of the display of astep-function signal (max. 0.35 nanoseconds for 10~ to 
90~ of the final value). 
Great care has been taken in the design to avoid phase distortion which would 
introduce overshoot in the display of such a signal. The extent to which a con-

stant input impedance has been realized is indicated by the voltage standing-
wave ratio (maximum 1.25 up to 1000 MHz). In order to be able to shiftthedis-
play in vertical direction the deflection system shield is not directly connected 
but capacitively be coupled to the outer connector of the coaxial plugs. 
A D.C. shift voltage can be applied to the shield. 
The useful vertical scan has been limited to 2 cm in order to obtain the highest 
possible sensitivity. This is important as in most cases the signal Lobe observed 
will be applied directly to the deflection system without any amplification. 
The horizontal deflection plates giving 6 cm useful scan, are of conventional de-
sign and, of course, also brought out through the neck. 

7Z2 6213 
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The typical acceleration voltage is 3 kV. Deviations from this value will cause 
detoriation of band-width and rise time, since the electron velocity will then not 
be equal to the velocity of signal propagation of the vertical deflection system. 
However this adjustment is not very critical. The electron gun features apart 
from astigmatism and geometry controll electrode auxialiary electrodes such as 
deflection blanking electrodes and a beam centring electrode. The latter can be 
used to center the beam with respect to the x plates. 
Post deflection acceleration is achieved by a helical resistive coating in the 
innerside of the envelope which allows a p. d. a to acceleration electrode voltages 
of 10. The maximum PDA voltage is 24 kV. This high voltage, the metal-backed 
screen and the small linewidth (0.12 mm) assure a high writingspeed. 
In order to make use of the full capabilities of this tube some precautions have 
to be taken in the manner the signal is applied to the tube. First, a good termi-
nation at the output of the deflection system is essential when pulse signals are 
to be observed, otherwise reflections from a mismatch at the output may distort 
the displayed wave-form. 
A coaxial resistor is the most suitable termination. 
For signal delays in oscilloscopes ahigh-quality delay-line should be used in 
order to avoid deterioration of performance due to band-width limitations of the 
delay -line . 

HEATING 

Indirect by A.C. or D.C. ;parallel supply 

Heater voltage 

Heater current 

CAPACITANCES 

Vf 6.3 V 

If 300 mA 

xl to all other elements except x2 Cxl(x2) 3.0 pF 

x2 to all other elements except xl Cx2(xl) 3.0 pF 

xl  to x2 
Cxl x2 

2.7 pF 

Control grid to all other elements Cgl 5.0 pF 

Cathode to all other elements Ck 3.5 pF 

Deflection blanking electrode to all other elements Cg3 9.0 pF 

7Z2 6214 
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MECHANICAL DATA 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base 

Dimensions and connections 

Overall length (socket inclusive) 

Face diameter 

Net weight 

Accessories 

Socket 

Final accelerator contact connector 

Side contact connector 

Mu -metal shield 

FOCUSING electrostatic 

DEFLECTION 

Horizontal 

Vertical 

14 pin all glass 

625 mm 

max. 134.5 mm 

approx. g 

supplied with tube 

type 55563 

supplied with tube 

supplied with tube 

electrostatic symmetrical 

delay-line system, asymmetrical 

Characteristic impedance of delay-line system 100 S2 

VSWR max. 1.25 up to 1000 MHz 

Bandwidth 1000 MHz 

Rise time 0.35 nsec 

Angle between x and y traces 90 t 2° 

~) 2)and 3) see page 8 

1) 

2) 

3)

7Z2 6216 
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LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage Vg9(p) 24 V 

Astigmatism control electrode voltage Vg5 3 V 

First accelerator voltage Vg2 3 V 

Beam current I (Q) 0. 5 µA 

Line width l.w. 0.12 mm 

HELIX 

Post deflection accelerator helix resistance min. 300 MS2 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg9(p) 24000 V 

Geometry control electrode voltage Vg8 3000 ± 20D V 

Vertical deflection system shield voltage Vg7 3000 V 4) 

Beam centring electrode voltage Vg6 3000 ± 40 V 

Astigmatism control electrode voltage Vg5 3000 ± 200 V 

Focusing electrode voltage Vg4 400 to 900 V 

Deflection blanking electrode voltage Vg3 3000 V 

Deflection blanking control voltage OVg3 110 V 7) 

First accelerator voltage Vg2 3000 V 

Control grid voltage for visual extinction 
of focused spot —Vgl 60 to 250 V 

Deflection factor, horizontal Mx 32 V/cm 

vertical My max. 8 V/cm 

Useful scan, horizontal min. 60 mm 

vertical min. 20 mm 

4)5)67) and 8) see page 8 7Z2 6217 
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LIMITING VALUES 

Final accelerator voltage Vg (p) 
9 

max. 
min. 

25000 
10000 

V 
V 

Geometry control electrode voltage Vg8 max. 4400 V 

Vertical deflection system shield voltage Vg~ max. 4400 V 

Beam centring electrode voltage Vg6 max. 4400 V 

max. 4400 V 
Astigmatism control electrode voltage Vg5 min. 2500 V 

Focusing electrode voltage Vg4 max. 1500 V 

Deflection blanking electrode voltage max. 4400 V 

First accelerator voltage Vg2 max. 4400 V 

Control grid voltage, 

negative -Vgl max. 350 V 

positive Vgl max. 0 V 

positive peak Vglp max. 2 V 

Cathode to heater voltage 

cathode positive V+k/f- max. 200 V 

cathode negative V_k/f+ max. 125 V 

Cathode current average Ikeff max. 300 mA 

Screen dissipation Wp max. 3 W/cm2

Ratio Vg9(p)/Vg5 Vg9(~)/Vg5 max. 10 

Ratio Vg2/Vg5 Vg2/Vg5 max. ]. 

WARNING 

This tube, when in operation, produces X-rays which may constitute a~health 

hazard unless the tube is adequately shielded. 

7Z2 6218 
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NOTES 

1. Measured with coaxial SO to 100 Sl quarter wavelength transformers with a 
50 S2 coaxial precision resistance from Rohde and Schwarz, type RMD 
33526/50 as reference standard. 

2. The bandwidth is defined as the frequency at which the vertical sensitivity is 
3 dB down with respect to that at D.C. 

3. The risetime is defined to be the time interval between 10% and 90~ of the 
final value of deflection, when a stepfunction signal is applied to the vertical 
deflection system . 
The signal source will be built-in step function generator of a Tektronix type 
519 oscilloscope with the built-in delay-line included in the signal path and 
an abrupt 125 to 100 S2 transition between the output of the delay-line and the 
input of the oscilloscope tube. The output connector of the tube will be ter-
minated with a 100 St coaxial resistor type BB 1241. In order to avoid errors 
due to the angle of traces, two measurements are taken using apositive going 
and a negative going step function of equal amplitude and the risetime will be 
taken to be the arithmetic mean of the two values. 

4. If the external conductors of the coaxial input and output connectors are not 
directly connected but capacitively coupled to this electrode, a vertical shift 
of the display can be obtained by varying the potential of this electrode. 

5. The beam centring electrode voltage should be adjusted for equal deflection 
defocusing and deflection linearity in the x-direction with respect to the elec -
trical centre of the tube. 

6. The astigmatism electrode voltage should be corrected for optimum spot 
shape. 

7. For visual extinction of a beam current of 10 µA its potential will not exceed 
110 V with respect to Vg2. 

8. The delay-line deflection system has beendesigned for anaccelerator voltage 
of about 3000 V. Deviation from this value will cause deterioration of band-
width and risetime. The potential of g2 should not vary within the duration of 
the brightness of the display may occur. 

7Z2 6219 
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INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with flat face, side connections to the deflector plates. The 
mesh together with the helical post deflection accelerator electrode, serves to 
obtain the high sensitivity which renders the tube suitable for transistorized 

equipment. The phosphor screen is metal backed. 

QUICK REFERENCE DATA 

Final accelerator voltage Vgq~p) = 15 kV 

Display area = 6x10 cm 

Deflection factor, horizontal Mx = 12.5 V/cm 

vertical My = 3.5 V/cm 

SCREEN 

Colour Persistence 

D13 -26GH 
D13-26GP 

green 
bluish green 

medium short 
medium short 

iJseful screen diameter 

Useful scan at Vg9~p~Vg4 ='b0 

horizontal 

min. 

min. 

114 

100 

mm 

mm 

vertical min. 6Q mm 

The useful scan may be shifted vertically to a max. of 4 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A. C . or D. C . ; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5545 
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MECHANICAL DATA 
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nmw 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base 14 pin all-glass 

Dimensions and connections 

Overall length max. 468 mm 

Face diameter max. 134.5 mm 

Net weight approx. 925 g 

Accessories 

Socket type 55566 

Final accelerator contact connector type 55563 

Side contact connector type 55561 

Mu-metal shield type 55555 7Z2 5546 
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CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl 

yl to all other elements except y2 

y2 to all other elements except yl 

xl to x2 

yl to y2

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) 4.5 pF 

Cx2(xl) 4.5 pF 

Cyl(Y2) 3.8 pF 

Cy2(yl) = 3.8 pF 

Cxlx2 
= 2.7 pF 

Cyly2 
= 1 .8 pF 

Cgl = 5.5 pF 

Ck = 3.0 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90° ± to 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen 

Final accelerator voltage Vgq(Q) = 15 000 V 

Astigmatism control electrode voltage Vg4 = 1500 V 

First accelerator voltage Vg2 = 1500 V 

Beam current I(2) = 10 µA 

Line width l.w. = 0.45 mm 

HELIX 

Post deflection accelerator helix resistance min. 200 MS2 

7Z2 5547 

3 



D13-26.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg9(p) = 15 000 V 

Post deflection shield voltage 
(with respect to Vg7) Vg8 = -12 to -18 V 

Geometry control electrode voltage Vg7 = 1500 ±70 V 1) 

Helix voltage, lower end V~6 = 1500 V 

Deflection plate shield voltage Vg5 = 1500 V 2) 

Astigmatism control electrode voltage Vg4 = 1500 +70 V 3) 

Focusing electrode voltage Vg3 = 375 to 625 V 

First accelerator voltage Vg2 = 1500 V 

Control grid voltage for visual extinction 
of focused spot -Vgl = 40 to 90 V ~~ ~~ 

Deflection factor / / 

horizontal Mx = 9.4 to 12.5 V/cm 

vertical My = 2.3 to 3.5 V/cm 

Deviation of linearity of deflection = max. 2 ~ 4) 

Geometry distortion See note 5 

Useful scan 

horizontal = min. 100 mm 

vertical = min. 60 mm 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 = 250 to 417 V per kV of Vg4

Control grid voltage for visual 
extinction of focused spot -Vgl = 30 to 56.7 V per kV of Vg2

Deflection factor at Vg.9~ p )V~ = 10 

horizontal Mx = 6.3 to 8.4 V/cm per kV of Vg4

vertical My = 1.53 to 2.33 V/cm per kV of Vg4

Control grid circuit resistance Rgl = mom, 1 MS2 

Deflection plate circuit resistance Rx Ry = myx, 50 kS2 

Focusing electrode current at a 
beam current of max. 25 µA Ig3 = -25 to +25 µA 6) 

1)2)305)6) See page 6. 7Z2 5548 
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LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage V g9(:Q) 
_ 
- 

max. 16500 
min. 9000 

V 
V 

= max. 2500 V 
Post deflection shield voltage Vg8 = min. 1350 V 

= max. 2500 V Geometry control electrode voltage Vg~ = min. 1350 V 

= max. 2500 V 
Helix voltage, lower end 

Vg6 = min. 1350 V 

= max. 2500 V 
Deflection plate shield voltage 

Vg5 = min. 1350 V 

= max. 2500 V 
Astigmatism control electrode voltage Vg4

= min. 1350 V 

Focusing electrode voltage Vg3 = max. 2500 V 

First accelerator voltage 
- 

V 
g2 

= 
= 

max. 
min. 

1800 
1350 

V 
V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

Voltage between astigmatism electrode Vg4/x = max. 500 V 
and any deflection plate Vg4/y = max. 500 V 

Cathode to heater voltage 

cathode positive V+k/f- = max. 200 V 

cathode negative V_k/f+ = max. 125 V 

Screen dissipation Wp = max. 3 mW/cm2

Ratio Vgg(Q)/Vg4 Vgq(.Q)/Vg4 = - max. 10 

7Z2 5549 
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D13-26.. 

1) This tube is designed for optimum performance when operating at the ratio 

Vg9~ Q)/Vg4 = 10. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) This voltage should be equal to the mean x- and y plates potential. 

3) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

4) The sensitivity at a deflection of less than 75% of the useful scan will not dif-
fer from the sensitivity at a deflection of 25~ of the useful scan by more than 
the indicated value. 

5) A graticule, consisting of concentric rectangles of 100 mm x 60 mm and 
98 mm x 58.2 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction poten-
tials applied. 

6) Values to be taken into account for the calculation of the focus potentiometer. 

7Z2 5550 

, i 



D13-27.. 

INSTRUMENT CATHODE-RAY TUBE 

13 cm diameter flat faced short oscilloscope •tube (max. 35 cm) with post -de-
flection acceleration by means of a helical electrode. The tube is provided with 
deflection blanking. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Mx

My

Vg8(Q) = 3000 V 

8 cm x full scan 

= 24 V/cm 

= 11.3 V/cm 

SCREEN 

Colour Persistence 

D13-27GH 
1 
l green medium short 

Useful screen diameter 

Useful scan at Vg8(p~/Vg5 = 2 

horizontal 

min. 114 mm 

full scan. 

vertical min. 80 mm 

The useful scan may be shifted vertically to a max. of 4 mm with respect to the 
geometric centre of the faceplate. 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5551 

TENTATIVE DATA 



D13-21.. 

MECHANICAL DATA 

f 
k 
002 3 4 60 

O  ~o 

w eo 

fg5o~oo~ 
92 g3 x~ 

y2 

g5 
x2 

Dimensions in mm 

max134.5~ 

]2011.4. 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base 14 pin all glass 

Dimensions and connections 

Overall length (also with socket type 55566) max. 350 mm 

Face diameter max. 134.5 mm 

Net weight approx. 680 g 

Accessories 

Socket (supplied with tube) type 55566 

Final accelerator contact connector type 55563 

Mu metal shield type 55557 

7Z2 5552 
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Schwarzwei(3-Bildrohren 
M17 -18W 

17 cm Rechtedcmonitorrohre mit 
79" diagonalem Ablenkwinkel 
elektrostatischer Fokussierung 
and aluminisiertem t.euchtschirm 

1. Allgemeines 

Strahlsystem 
Sockel 

Fokussierung 
Abienkung 
Ablenkwinkel 

Haisdurchmesser 

Stirnflache~ 
form 
Material 

Schirm 
Fluoreszenzfarbe 
Minimal nutzbare 
Abmessungen 

Caesamttange 
Gewicht 

Tetrod2 mit Einzellinse 
Miniatur-7-Stiff 
(Spezial) 
elektrostatisch 
magnetisch -
diagonal ca. 75° 
horizontal ca. 60° 
vertikal ca. 50° 
20 mm 

plan • ` 
Klarglas 

aluminisiert 
weif3 

95 mm .~ 125 mrn 
Diagonale 155 mm 

max. ?_05 mm 
ca. 0,7 kg 

2. Betrietlswerte fur Kaihodensteuerung Q 

Uf Q 

• ff _-

V9395a 

11 V 

ca. 68 m A 

11 — 11 kV 

U92 

v9a ~ 
Uk spew ® 45 

200-350 250 V 
-100 .. . -~ 300 -100 ... ~- 300 V 

® 32. ..58V 

3. Grenzwerte Q1

Ug3g5a max 

Ug3g5a min 

t~g4 maz 

(U94) max  

(± ~g4) max 

t~a2 max 

L1-2 min —
(~ f92) max 
Uk max 

Uk min  

Uks max 0 

(—Uk)s max 

12 kV 
7,5 kV 
450 V 
100 V 

2511A 

Rgl max 
291 (50 HZ) mex 

U ± f/k max 

t/ ± f/ks max 

450 A 

  350 V 
2V 

1,5 Mfg 
0,5 MS2 
80 V 

130 V 
Rf/k max Q 

Zt/k (50 Hz) max 11 

4. Kapazitaten 

c, 
CK .__. 

C93gSa/m 

1 MS2 
0,1 MS2 

ca. 6 pF 
ca. 3 

pF----

ca. 350 pF' 

86 





S~hwarz~~~if3-Bildrohren 
A1ll~i7-69 

_ A17-.696E / A17-69GJ  A17-69LF 

Re~ateckblldrt3hre mit aluminisiertern 
Leucht::;.tlir^n fiir Indusiriefe:nsehen 

1. Allgemeines 

Typ 
AW 17-69 
A 17-69 8E 
A 17-69 GJ  
A 17-69 LF 

Fluoreszenzfarbe 
wei8lich 
blau 
gelblich grim 
orange 

2. Betriebswerte 

uf ---- -

Ug3g5a _ 
u5z---- 

300 

Ug1 
— --

(-Ug1):a.. 35. . .75 48,. .102

6,3 V 
0,3 A 
14 kV 

400 V 

3. Grenzwerte 

Ug'g5s ma. 

~~9495a min 

Vg4 mex 

Uq2 max 

vvZ min . 
—_ - -

Ugl w~ei 

- "~ —~9}/ mex 

Ug1 ~ max  
h 

-

('~L91~ s max ,~! 

plm max 

o. .. 400v 

16 kV _ 
12 kV 

460 V 
460 V 

---

20o v 
  OV 

15o v 
2V 

Sirahlsystem 
Socket 
Fokussierung 
Ablenkung 
Ablenkwinkel 

Stirnflache: 
Form 
Material 
Schirm 

Minimal nutzbare 
Abmessungen 

Gesamtlange 
Gewicht 

Tetrode mit Einzellinse 
Duodekal mit 7 Soften 
elektrostatisch 
magnetisch 
diagonal 70°
horizontal 65° 
vertikal 50° 

plan 
Klarglas 
aluminisiert 

96 mm '~ 128 mm 
Diagonale 170 mm 

256+10 mm 
ca. 0,7 kg 

Nachleuchtdauer 

mittelkurz 10-5... 10-3s 
mittelkurz 10-5...10-3s 
mittel 10-3 ... 10-1s 
tang 10-1... 1 s 

Rgl max 

Zgl  max 

Rf/k maz Q 

Zf/k max 11 

U-fik max Q 

U-f,'k max 

_U - F/k s max 

U+flk _m_ax 

U . f:k s maz 

Rgl min 
Rg2 min 

Rg4 min - ---

Rg3g5a mini 

4. Kapazitaten 

Cql 

Ck 

1,0 MSZ
0,5 M52 
1,0 MS2 
0,1 MS2 
410 V 
250 V 
300 V 
135 V 
180 V 
150 S2 
470 Sd 
470 S2 
16kS2 

ca. 7 pF 
ca. 5 pF 

400 V 
10 mW/cm~ 

Ca3g5alm min -

Cg3g5a/m mex 

aoo pF 
800 pF 



D13-27.. 

CAPACITANCES 

xl 

x2

yl 

Y2 

to all other elements except x2

to all other elements except xl

to all other elements except y2

to all other elements except yl

xl to x2

yl to y2

Grid No.l to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) = 4.5 pF 

Cx2(xl ) = 4.5 pF 

Cyl(Y2) = 5 pF 

CY2(Y1) = 5 pF 

Cxlx2 
= 2.5 pF 

CYly2 
= 1.5 pF 

Cgl = 6 pF 

Ck = 3.5 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90of1° 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Finalaccelerator voltage Vg8(Q) = 3000 

Astigmatism control electrode voltage Vg5 = 1500 

First accelerator voltage Vg2 = 1500 

Beam current Ig8(p) = 10 

Line width l.w. = 0.25 

HELIX 

Post deflection accelerator helix resistance min. 50 
The helix is connected between gg(:Q) and g 

V 

V 

V 

µA 

mm 

MS2 

7Z2 5553 
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D13-27.. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 
VgB~p) 

= 3000 V 

Geometry control electrode voltage Vg7 = 1500 f 75 V 1) 

Deflection plate shield voltage Vg6 = 1500 V 2) 

Astigmatism control electrode voltage Vg5 1500 t 75 V 3) 

Focusing electrode voltage Vg4 = 300 to 550 V 

Deflection blanking electrode voltage Vg3 = 1500 V 

Deflection blanking control voltage OV = max. 60 V 4) --c" 
g3 ~+ ~~o. 

First accelerator voltage V = 1500 V g 2 '~_._ _ 

Control grid voltage for visual 
extinction of focused spot Vgl _ -38 to -135 V 

Deflection factor 

horizontal Mx = 21 to 27 V/cm 

vertical My = 9.7 to 13 V/cm 

Deviation of linearity of deflection = max. 2 ~ 5) 

Geometry distortion See note 6 

Useful scan 

horizontal full scan 

vertical = min. 80 mm 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg4 = 200 to 370 V per kV of Vg5

Control grid voltage for visual 
extinction of focused spot -Vgl = 25 to 90 V per kV of Vg2

Deflection factor at 

Vgg~-~ )/Vg5 - 2 

horizontal Mx =max. 18 V/cm per kV of Vg5

vertical My =max. 8.7 V/cm per kV of Vg5

Control grid circuit resistance Rgl =max. 1.5 MS2 

Deflection plate circuit 
resistance Rx, Ry =max. 1 MS2 

Focusing electrode current Igo = -15 to +10 µA 7) 
7Z2 5554 



D13-27.. 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage 
Vg8(-~ ) 

= 
= 

max. 
min. 

3300 
1800 

V 
V 

Geometry control electrode voltage 
Vg7 

= max . 1700 V 

Deflection plate shield voltage 
Vg6 

= max . 1700 V 

Astigmatism control electrode voltage 
Vg5 

= 
= 

max . 
min. 

1700 
1200 

V 
V 

Focusing electrode voltage Vg4 
= max. 1200 V 

Deflection blanking electrode voltage 
Vg3 

= max . 1700 V 

First accelerator voltage 
Vg2 

= max . 1700 V 

Control grid voltage 

negative — 
Vgl 

= max . 200 V 

positive 
Vgl 

= max. 0 V 

positive peak Vglp = max. 2 V 

Voltage between astigmatism control 
electrode and any deflection plate Vg5/x = max. 500 V 

Vg5/y = max. 500 V 

Screen dissipation Wp = max. 3 W/cm2

Ratio Vg8(R)/Vg5 Vg8(p)/Vg5 = max. 2 

1) This tube is designed for optimum performance when operating at the ratio 
Vg8(p )/Vg5 = 2. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) This voltage should be equal to the mean x- and y plates potential. 
3) The astigmatism control electrode voltage should be adjusted for optimum 

spot shape. For any necessary adjustment its potential will be within the 
stated range. 

4) For beam blanking of a beam current of 10 µA. 
5) The sensitivity at a deflection of less than 75°Jo of the usefull scanwillnotdif-

fer from the sensitivity at a deflection of 25~ of the useful scan by more than 
the indicated value. 

6) A graticule, consisting of concentric rectangles of 100 mm x.60 mm and 

97 mm x 58 mm is aligned with the electrical x axis of the tube. The edges of 
a raster will fall between these rectangles with optimum correction poten-
tials applied. 

7) Values to be taken into account for the calculation of the focus potentiometer, 

7Z2 5555 
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E10 iLe■ 

MECHANICAL DATA 

99 

gB 

f rr ~rr fi 
/ ' 

]Z0163) 

Dimensions in mm 

03 
k 

./ 
650+40

 XZ 9~9e x 

Yi rg6 gSrY~ 

ti

Mounting position; any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base 

Dimensions and connections 

14 pin all glass 

Overall length 

Face diameter 

max. 410 mm 

max. 102 mm 



E10-12.. 

CAPACITANCES (each gun) 

xl to all other elements except x2 Cxl(x2) 3 pF 

x2 to all other elements except xl Cx2(xl) 4.5 pF 

yl  to all other elements except Y2 CY1(Y2) 
3.5 pF 

Y2 to all other elements except yl CY2(Yl) 
3.5 pF 

xl to x2 
Cxlx2 

2 pF 

Y1 to Y2 CYly2 
1.5 pF 

Grid No.l to all other elements 
Cgl 

6 pF 

Cathode to all other elements Ck 5 pF 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

Angle between x and y traces 90 t to 

r 

I 

Corresponding traces of each gun align within 1.5° 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 

drive is desirable. 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage Vg9(,f) 3000 V 

Astigmatism control electrode voltage Vg5 1000 V 

First accelerator voltage Vg2 1000 V 

Beam current Ig9(Q) 10 µA 

Line width l.w. 0.50 mm 

HELIX 

Post deflection accelerator helix resistance: min . 100 MSt 

7Z2 6182 

i I , 



E10-12.. 

TYPICAL OPERATING CONDTTIONS(each gun) 

Final accelerator voltage 

Intergun shield voltage 

Geometry control electrode voltage 

Deflection plate shield voltage 

Astigmatism control electrode voltage 

Vg9(Q) 

Vg8

Vg~ 

Vg~ 

Vg5

3000 

1000±100 

1000±100 

1000 

1000±100 

V 

V 1) 

V 1) 

V 2) 

V 3) 

Focusing electrode voltage Vg4 180 to 380 V , 

Deflection blanking electrode voltage Vg3 1000 V 

Deflection blanking control voltage for 
beam blanking of a current Ig9(,Q) = 10 µA ~Vg3 max. 40 V + 5 ̀~ 

o~ } ~uat%t. 
First accelerator voltage Vg2 1000 V 

Control grid voltage for visual extinction 
of focused spot Vgl -25 to -90 V 

Deflection factor, horizontal Mx 10 to 20 V/cm 

vertical My 6 to 8 V/cm 

Deviation of linearity of deflection max. 2.5 ~ 4) 

Geometry distortion See note 5 

Interaction factor 2.10-3 mm/Vdc 

Tracking error 1.5 mm ~) 

1)2)3)4)5)6)7) See page 6 7Z2 6183 
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E10-12.. 

LIMITING VALUES (each gun, if applicable) (Absolute max. rating system) 

max. 3300 V 
Final accelerator voltage Vg9(~) 

min. 2700 V 

Intergun shield voltage Vg8 max. 1200 V 

Geometry control electrode voltage Vg7 max. 1200 V 

Deflection plate shield voltage Vgd max. 1200 V 

max. 1200 V 
Astigmatism control electrode voltage 

Vg5 min. 800 V 

Focusing electrode voltage Vg4 max. 1200 V 

Beam blanking electrode voltage Vg3 max. 1200 V 

max. 1200 V 
First accelerator voltage 

Vg2 min. 200 V 

Control grid voltage, 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

positive peak Vglp max. 2 V 

Cathode to heater voltage, 

cathode positive V.}.k/f_ max. 200 V 

cathode negative V _~ f+ max. 125 V 

Average cathode current Ik max . 300 µA 

Screen dissipation Wp max. 3 mW/cm2

Ratio Vg9(p)/Vg5 Vg9(;Q)/Vg5 max. 3 



E10-12.. 

CIRCUIT DESIGN VALUES (each gun, if applicable) 

Focusing voltage Vg4 180 to 380 V/kV of Vg2

Control grid voltage for visual 
cut -off focused spot Vgl 25 to -90 V/kV of Vg2

Deflection factor Vg9(p)/Vg5 = 3 

horizontal Mx 10• to 20 V/cm per kV of Vg5

vertical My 6 to 8 V/cm per kV of Vg5

Focusing electrode current Igo -15 to +10 µA 

Control grid circuit resistance Rgl max. 1.5 MS2 

1) This tube is designed for optimum performance when operating at the ratio 
Vg9(p)/Vg5 = 3. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
and the intergunshield voltage should be adjusted for optimum performance. 
For any necessary adjustment its potential will be within the stated range. 

2) This voltage should be equal to the mean x- and y plates potential. 

3) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

4) The sensitivity at a deflection of less than 75°J~ of the useful scan will not dif-
fer from the sensitivity at a deflection of 25% of the useful scan by more than 
the indicated value. 

5) A graticule consisting of concentric rectangles of 60 mm x 60 mm and 57 mm 
x 57 mm is aligned with electrical x axis of the tube. The edges of a raster 
will fall between these rectangles with optimum potentials applied. 

The deflection of one beam when balanced do voltage are applied to the de-
flection plates of the other beam, will not be greater than the indicated value. 

7) With 50 mm vertical traces superimposed at the tube face centre and deflect-
ed horizontally t 4 cm by voltages proportional to the relative deflection fac-
tors, horizontal separation of the corresponding points of the traces shall not 
be greater than the indicated value. 7Z2 6185 



INSTRUMENT CATHODE-RAY TUBE 

Low accelerator voltage cathode-ray tube for monitoring purpose 

QUICK REFERENCE DATA 

Accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg4 , g2' y2(.Q) = 500 V 

Both directions full scan 

MX = 52.5 V/cm 

= 45.5 V/cm 

SCREEN 

Colour Persistence 

DH3 —91 green medium short 

Useful screen diameter 

Useful scan 

horizontal 

vertical 

min. 28 mm 

full scan 

full scan 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

I 
Vf = 6.3 V 

If = 300 mA 

7Z2 5556 

t 



D.3-91 

MECHANICAL DATA 

xl 

y1 

92,94, y2 
91 y) 

kg f f g2,g4,y2 

~maeas f 

Dimensions in mm 

rzoaus 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube 

Base English Loctal 8 pins 

Dimensions and connections 

See also outline drawing 

Overall length max. 105 mm 

Face diameter max. 30 mm 

Net weight: approx. 39 g 

Accessories 

Socket type 5902/20 or 40213 

Mu-metal shield type 55525 

2 

7Z2 5557 



D.3-91 

CAPACITANCES 

xl to all other elements except x2

x2 to all other elements except xl

yl to all other elements except Y2 

xl  to x2 

Control grid to all other elements 

FOCUSING electrostatic self focusing 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates asymmetrical 

LINE WIDTH 

Cxl(x2) = 4.5 pF 

Cx2(xl) = 4.5 pF 

CY1(Y2) = 3.5 pF 

Cx1x2 
- 1.0 pF 

Cgl = 5.6 pF 

Measured on a circle of 25 mm diameter 

Accelerator voltage Vg.4 
g2' y2(.Q) = 500 V 

Beam current I( ;Q) = 0.5 µA 

Line width l.w. = 0.6 mm 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg4> g2, y2~ p) - 500 V 

Control grid voltage for visual extinction 
of focused spot —Vgl = 8 to 27 V 

Deflection factor 

horizontal Mx = 41 to 72 V/cm 

vertical My = 35 to 63 V/cm 

Useful scan 

horizontal 

vertical 

full scan 

full scan 

7Z2 5558 

3 



D.3-91 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage 
= max. 1000 

min. 350 
V 
V 

Control grid voltage 

negative —Vgl = max. 200 V 

positive 
Vgl 

= max. 0 V 

positive peak Vglp = max. 2 V 

Cathode to heater voltage 

cathode positive V+k/f— = max. 200 V 

cathode negative V —k/f+ = max. 125 V 

Screen dissipation W~ = max. 3 mW/cm2

CIRCFJIT DESIGN VALUES 

Control grid voltage for 
visual extinction of 

focused spot —Vgl = 16 to 54 V per kV of Vg4, 
g2' y2 

Deflection factor 

horizontal Mx = 90 to 120 V/cm per kV of Vg4 
g2~ Y2 

vertical My = 38.5 to 52.5 V/cm per kV of Vg4> 
g2' Y2 

Control grid circuit 
resistance Rgl = max. 1 MS2 

Deflection plate circuit 
resistance Rx Ry = max. 5 MSl 

REMARK 

A contrast improving transparent conductive coating connected to the accelerator 
electrode is present between glass and fluorescent Layer. This enables the 
application of a high potential with respect to earth to the accelerator electrode, 
without the risk of picture distortion by touching the face (electrostatic body-
effect). 

7Z2 5559 
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D.4-1 

INSTRUMENT CATHODE-RAY TUBE 

4 cm diameter cathode-ray tube for monitoring purposes. 

SCREEN 

colour persistence 

DB4-1 
DG4-1 
DP4-1 

blue 
yellowish green 
yellowish green 

medium short 
medium 
long 

HEATING 

Indirect by A. C . or D. C . ; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

Base 

Socket 

R=5 

x1 

English Loctal 9 pins 

5906/20 or 40212 

Vg = 6.3 V 

If = 310 mA 

Dimensions in mm 

7Z2 5560 

I OBSOLETE TYPE I ~ 



D.4-1 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3(p~ = 800 V 

Focusing electrode voltage Vg2 = 200 to 300 V 

Control grid voltage for visual extinction 
of focused spot -Vgl = 0 to 50 V 

Deflection factor 

horizontal Mx = 62.5 V/cm 

vertical MY = 40 V/cm 

Useful scan 

horizontal 

vertical 

full scan 

full scan 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage Vg3(p) 
= max. 1000 

min. 800 
V 
V 

Focusing electrode voltage Vg2 = max. 400 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vgl = max. 2 V 
P 

7Z2 5561 
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D.4-2 

INSTRUMENT CATHODE-RAY TUBE 

SCREEN 

colour persistence 

DB4-2 
DG4-2 
DP4-2 

blue 
yellowish green 
yellowish green 

medium short 
medium 

long 

HEATING 

Indirect by A. C . or D. C . ; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

g3 

xl 

0 

4 5 6 
YZ~ 03 ~ 70 

y~~
a
o 0 

fk f 

x2 

92

9~ 

R.5 

Vf = 6.3 V 

If = 310 mA 

Dimensions in mm 

xl has to be connected to the accelerator electrode. Earthing of the accelerator 

electrode is recommended. 

Base 

Socket 

English Loctal 9 pins 

5906/20 or 40212 7Z2 5562 

OBSOLETE TYPE 



D.4-2 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates asymmetrical 

y plates symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3~ p ) = 800 V 

Focusing electrode voltage Vg2 = 200 to 300 V 

Control grid voltage for visual extinction 
of focused spot -Vg1 = 0 to 50 V 

Deflection factor 

horizontal M X 62.5 V/cm 

vertical My 40 V/cm 

Useful scan 

horizontal full scan 

vertical full scan 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage V 
3 g (p) _ min. 1800 V 

Focusing electrode voltage Vg2 = max. 400 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgi = max. 0 V 

positive peak Vg1 = max. 2 V 
P 

7Z2 5563 

2 



D.7-1 

INSTRUMENT CATHODE-RAY TUBE 

7 cm diameter oscilloscope tube for monitoring purposes 

SCREEN 

colour persistence 

DB7-1 
DG7-1 

blue 
yellowish green 

medium short 
medium short 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

Y2

f, k f 

Base P 

Vf = 4.0 V 

If = 1 A 

Dimensions in mm 

max 71 

~M 

noxs~ 

7Z2 5564 

OBSOLETE TYPE 



D.7-1 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3(p) = 800 V 

Focusing electrode voltage 
Vg2 

= 150 to 350 V 

Control grid voltage for visual extinction 

of focused spot -Vgl = 0 to 30 V 

Deflection factor 

horizontal Mx 71.5 V/cm 

vertical 
~Y 

45.5 V/cm 

Useful scan 

horizontal full scan 

vertical full scan 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage Vg3(p) = max. 800 V 

Focusing electrode voltage Vg2 = max. 350 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vgl = max. 2 V 
P 

7Z2 5565 
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INSTRUMENT CATHODE-RAY TUBE 

7 cm diameter oscilloscope tube for monitoring purposes 

SCREEN 

colour persistence 

DB 7 -2 
DG7-2 

blue 
yellowish green 

medium short 
medium short 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

g~ 

X2,g3 

V2 

92 

7203167. 

f, k f 

Vf 

V2 

Earthing of x2, g3 is recommended. 

Base P 

X1 

Vf = 4.0 V 

If = 1 A 

Dimensions in mm 

max71 

max 34 

~zo3iae ~  — —~ 

se 

7Z2 5566 

OBSOLETE TYPE 



D.7-2 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates asymmetrical 

y plates symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3(p) = 800 V 

Focusing electrode voltage Vg2 = 150 to 350 V 

Control grid voltage for visual extinction 
of focused spot -Vgl 0 to 30 V 

Deflection factor 

horizontal Mx 71.5 V/cm 

vertical My 45.5 V/cm 

Useful scan 

horizontal full scan 

vertical full scan 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage Vg3(f) max. 800 V 

Focusing electrode voltage 
Vg2 

= max. 350 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl max. 0 V 

positive peak Vglp = max. 2 V 

7Z2 5567 



D.7-3 

INSTRUMENT CATHODE-RAY TUBE 

7 cm diameter oscilloscope tube for monitoring purposes 

SCREEN 

colour persistence 

DB7-3 
DG7-3 
DN7-3 

blue 
yellowish green 
yellowish green 

medium short 
medium 
medium short 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

Base 

93

x2 xl 
x2 

0 
4 5 6 

Y2' °3 n 7° ~g2 

yl \ g °e° g1 

fk   f 

xl 

67-71 

Vf = 6.3 V 

Ig = 400 mA 

Dimensions in mm 

1 

7Z2 5568 

OBSOLETE TYPE 



D.7-3 

FOCUSING electrostatic 

DEFLECTION 

x plates 

y plates 

double electrostatic 

symmetrical 

symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3(~) = 800 V 

Focusing electrode voltage Vg2 = 200 to 300 V 

Control grid voltage for visual extinction 
of focused spot -Vgl = 0 to 50 V 

Deflection factor 

horizontal Mx = 62.5 V/cm 

vertical My = 38.5 V/cm 

Useful scan 

horizontal 

vertical 

full scan 

full scan 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage Vg3(Q) 
= max. 1000 

min. 800 
V 
V 

Focusing electrode voltage = max. 400 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp .= max. 2 V 

7Z2 5569 



D.7-4 

INSTRUMENT CATHODE-RAY TUBE 

7 cm diameter oscilloscope tube for monitoring purposes 

SCREEN 

colour persistence 

DB7-4 
DG7-4 
DN7-4 

blue 
yellowish green 
yellowish green 

medium short 
medium 
medium short 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

x2 xl 
x2 

Vg = 6.3 V 

If = 400 mA 

Dimensions in mm 

k 
0 
E 

x2 has to be connected to the accelerator electrode. Earthing of - the accelerator 

is recommended. 

Base ENNE-AL 7Z2 5570 

OBSOLETE TYPE 9 



D.7-4 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates asymmetrical 

y plates symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3(p) = 800 V 

Focusing electrode voltage Vg2 = 200 to 300 V 

Control grid voltage for visual extinction 
of focused spot 

Deflection factor 

horizontal 

vertical 

Useful scan 

horizontal 

vertical 

-Vgl = 0 to 50 V 

Mx

My

full scan 

full scan 

62.5 V/cm 

38.5 V/cm 

LI11¢TTING VALUES (Absolute max. rating system) 

Accelerator voltage V 
3 min. 1800 V g (p) 

Focusing electrode voltage Vg2 = max. 400 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl max. 0 V 

positive peak Vgl = max. 2 V 
P 

7Z2 5571 

1 
i 

w. 
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D.7-5 

INSTRUMENT CATHODE-RAY TUBE 

Cathode-ray tube for monitoring purposes. 

QUICK REFERENCE DATA 

Accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg3 ~ ~~ = 800 V 

Both directions full scan 

M X

M y

= 62.5 V/cm 

= 40 V/cm 

SCREEN 

colour persistence 

DB 7-5 
DG7-5 
DP 7-5 

blue 
yellowish green 
yellowish green 

medium short 
medium short 
long 

Useful screen diameter 

Useful scan 

horizontal 

vertical 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

min. 65 mm 

full scan 

full scan 

Vf = 6.3 V 

I£ = 310 mA 

7Z2 5572 

1 



D.7-5 

MECHANICAL DATA 

xl 

tk t 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Dimensions in mm 

Base English Loctal 9 pins 

Dimensions and connections 

See also outline drawing 

Overall length max. 1b0 mm 

Face diameter max. 71 mm 

Net weight: approx. 140 g 

Accessories 

Socket type 5906/20 or 40212 

Mu-metal shield type 55530 

7Z2 5573 
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D.7-5 

CAPACITANCES 

xI to all other elements except x2

x2 to all other elements except xl

yl to all other elements except y2

Y2 to all other elements except yI

xl  to x2 

yl to y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

CxI ~x2) 2.8 pF 

Cx2 ~xl) 
2.8 pF 

CY1 ~Y2~ 
3.0 pF 

CY2 ~Yl) 3.3 pF 

Cxlx2 
= 0.8 pF 

CYlY2 = 0.6 pF 

Cgl 
= 7.0 pF 

Ck = 3.2 pF 

Angle between x and y traces 

LINE WIDTH 

Measured on a circle of 50 mm diameter 

90°±1.5°

Accelerator voltage Vg3 ~~) = 800 V 

Beam current I~p~ = 0.5 µA 

Line width Lw. = 0.4 mm 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3 
~2) 

= 800 V 

Focusing electrode voltage Vg2 = 200 to 300 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 0 to 50 V 

Deflection factor, horizontal Mx = 53 to 72 V/cm 

vert ica 1 My = 33 to 45 V/cm 

Geometry distortion 

Useful scan, horizontal 

vertical 

See note 1 page 4 

full scan 

full scan 

7Z2 5574 

3 



D.7-5 

LIMITING VALUES (Absolute max. rating system) 

Vg3 (.Q ) 
Accelerator voltage 

= max . 1000 V 
= min. 800 V 

Focusing electrode voltage Vg2 = max. 400 V 

Control grid voltage 
negative -Vgl = max. 200 V 

positive Vgl = max . 0 V 

positive peak Vglp = max. 2 V 

Cathode to heater voltage 
cathode positive V+k/f- = max. 200 V 

cathode negative V-k/f+ = max. 125 V 

Voltage between accelerator electrode 
and any deflection plate Vg3/x = max. 500 V 

Vg3/y 
max. 500 V 

Screen dissipation W~ = max. 3 mW/cm2

CIRCUIT DESIGN VALUES 

Focusing voltage Vg2

Control grid voltage for visual 
extinction of focused spot -Vgl

= 250 to 375 V per kV of Vg3

0 to 62.5 V per kV of Vg3

Deflection factor 
horizontal Mx = 66 to 90 V/cm per kV of Vg3

vertical My = 41 to 56 V/cm per kV of Vg3

Control grid circuit resistance Rgl = max. 0.5 MS2 

Deflection plate circuit 
resistance Rx, Ry = max. 5 MS2 

1) A graticule, consisting of concentric rectangles of 43.2 mm x 43.2 mm and 
40 mm x 40 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction poten-
tials applied. 7Z2 5575 
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D.7.6 

INSTRUMENT CATHODE-RAY TUBE 

Cathode-ray tube for monitoring purposes. 

QUICK REFERENCE DATA 

Accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg3 ~ ~~ = 800 V 

Both directions full scan 

MX = ~2.5 V/cm 

My = 40 V/cm 

SCREEN 

colour persistence 

DB7-6 
DG7-6 
DP7-b 

blue 
yellowish green 
yellowish green 

medium short 
medium short 
long 

Useful screen diameter 

Useful scan 

horizontal 

vertical 

HEATING 

Indirect by A. C . or D. C . ; parallel supply 

Heater voltage 

Heater current 

min . 65 mm 

full scan 

full scan 

Vf = 6.3 V 

If = 310 mA 

7Z2 5576 
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D.7-6 

MECHANICAL DATA 

1 

Y~ 

g3 

9' 

x2 

Y2

92

t, k t 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Dimensions in mm 

Base English Loctal 9 pins 

Dimensions and connections 

See also outline drawing 

Overall length 

Face diameter max. 71 mm 

~zoaeso. '/Zo2049 

max. 160 mm 

Net weight: approx. 140 g 

Accessories 

Socket type 5906/20 or 40212 

Mu-metal shield type 55530 

7Z'L 5573 

2 



D.7-6 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl

yl to all other elements except y2 

y2 to all other elements except yl

xI to x2 

Y1 to Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates 

Cxl(x2) = 2.8 pF 

Cx2~xl) = 2.8 pF 

Cyl~y2) = 3.0 pF 

Cy2~yI ) = 3.3 pF 

Cxlx2 
= 0.8 pF 

Cyly2 = 0.6 pF 

Cgl = 7.0 pF 

Ck = 3.2 pF 

asymmetrical 
xl has to be connected to the accelerator electrode. 
Earthing of the accelerator electrode is recommended. 

y plates symmetrical 

Angle between x and y traces 90°+1.5° 

LINE WIDTH 

Measured on a circle of 50 mm diameter 

Accelerator voltage Vg3~~) = 800 

Beam current I~p) = 0.5 

Line width l.w. = 0.4 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3~~) = 800 

Focusing electrode voltage Vg2 = 200 to 300 

Control grid voltage for visual 
extinction of focused spot -Vgl = 0 to 50 

Deflection factor, horizontal Mx 53 to 72 

vertical My = 33 to 45 

V 

µA 

mm 

V 

V 

V 

V/cm 

V/cm 

Geometry distortion See note 1 page 4 

Useful scan, horizontal full scan 

vertical full scan 
7Z2 5578 
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D.7-6 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage 

Focusing electrode voltage 

Vg3 (~ ) 

Vg2

= 
= 

= 

max . 
min. 

max . 

1000 
800 

400 

V 
V 

V 

Control grid voltage 
negative -Vgl = max . 200 V 

positive 
Vgl 

= max . 0 V 

positive peak Vglp = max . 2 V 

Cathode to heater voltage 
cathode positive V+k/f - = max . 200 V 

cathode negative V-k/f+ = max. 125 V 

Voltage between accelerator electrode 
and any deflection plate Vg3/x = max . 500 V 

Vg3/Y 
= max . 500 V 

Screen dissipation W~ = max. 3 mW/cm2

CIRCUIT DESIGN VALUES 

Focustng voltage 

Control grid voltage for visual 
extinction of focused spot 

Deflection factor 
horizontal 

Vg2

-Vgl

Mx

= 

= 

= 

250 to 375 

0 to 62.5 

66 to 90 

V per kV of Vg3

V per kV of Vg3

V/cm per kV of Vg3

vertical My = 41 to 56 V/cm per kV of Vg3

Control grid circuit resistance 

Deflection plate circuit 

resistance 

Rgl

Rx, Ry

= 

= 

max. 

max. 

0.5 

5 

MSl 

MS2 

1) A graticule, consisting of concentric rectangles of 43.2 mm x 43.2 mm and 
40 mm x 40 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction poten-
tials applied. 7Z2 5575 
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D.7-11 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with 7 cm diameter flat face plate and post deflection accel-

eration by means of a helical electrode. The low heater consumption together 

with the high sensitivity render this tube suitable for transistorized equipment. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg6~Q) = 1200 V 

= 4.5x6 cm 

Mx = 10.7 V/cm 

My = 3.65- V/cm 

SCREEN 

Colour Persistence 

DB7-11 
DH7-11 
DN7-11 
DP7-11 

blue 
green 
bluish green 
yellowish green 

medium short 
medium short 
medium short 
long 

Useful screen diameter 

Useful scan at Vg6~ p~/Vg4 = 4 

horizontal 

vertical 

min. 68 mm 

min. 60 mm 

min. 45 mm 

I-IEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage Vf = 6.3 V 

Heater current If = 95 mA 

/. 

~' 

7Z2 5584 

1 



D.7-11 

MECHANICAL DATA (Dimensions in mm) 

fi 
k 0 
o~ 2~ 4S6o 

70 
74 B 

o c1 3111 110 9 0 
c. o 0 0 

k f f - i.c. x~ 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube 

Base 14 pins all glass 

Dimensions and connections 

9~ 93 g5 
Y~ 

Y2
g4 
x2 

Overall length 

Face diameter 

Net weight 

Accessories 

Socket (supplied with tube) 

Final accelerator contact connector 

Mu-metal shield 

max. 285 mm 

max . 77.8 mm 

approx. 370 g 

type 40467 

type 55563 

type 55532 

7Z2 5585 
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D.7-11 

CAPACITANCES 

xl to all other elements except x2 Cxl(x2 ~ 4.0 pF 

x2 to all other elements except xl Cx2(xl ~ = 4.0 pF 

yl to all other elements except Y2 Cyl(y2 ~ = 3.5 pF 

Y2 to all other elements except yl Cy2( yl ~ = 3.5 pF 

xl to x2 Cxlx2 = 1 .9 pF 

Y1 1O Y2 CYlY2 = 1 .7 pF 

Control grid to all other elements Cgl = 5.7 pF 

Cathode to all other elements Ck = 3.0 pF 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90° ± 1° 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Finalaccelerator voltage Vg6(P) 
1200 V 

Astigmatism control electrode voltage Vg4 = 300 V 

First accelerator voltage Vg2 = 1200 V 

Beam current I (p~ = 10 µA 

Line width l.w. = 0.65 mm 

HELIX 

Post deflection accelerator helix resistance min. 40 MS2 

7Z2 5586 
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D.7-11 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 

Geometry control electrode voltage 

Astigmatism control electrode voltage 

Focusing electrode voltage 

First accelerator voltage 

Control grid voltage for visual 

Vg6~.Q) 1200 V 

Vg5 = 300 ± 30 V 1) 

Vg4 = 300 t 
45 

V 2) 

Vg3 = 20 to 150 V 

Vg2 = 1200 V 

extinction of focused spot -Vgi = 30 to 80 V 

Deflection factor 

horizontal Mx = 9.4 to 12 V/c m 

vertical My = 3.2 to 4.1 V/cm 

Deviation of linearity of deflection = max. 2 °Jp 3) 

Geometry distortion See note 4) 

Useful scan 

horizontal = min. 60 mm 

vertical = min. 40 mm 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 = 35 to 165 V per kV of Vg4

Control grid voltage for visual 
extinction of focused spot -Vgl = 30 to 60 V per kV of Vg2

Deflection factor at 

Vg6~~~Vg4- 4 

horizontal Mx = 31.3 to 40.0 V/cm per kV of Vg4

vertical My = 10.7 to 13.7 V/cm per kV of Vg4

Control grid circuit resistance Rgl =max. 1 .5 MS2 

Deflection plate circuit 
resistance Rx, Ry =max. 50 kS2 

Focusing electrode current Ig3 = —15 to +10 µA 5) 

1)2)3)4)5) See page 6 7Z2 5587 
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Do7-11 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage V 
6 g (.Q ) = min. 1200 

Geometry control electrode voltage Vg5 = max. 2200 

Astigmatism control electrode 
voltage Vg4 

= max . 
min. 

2100 
300 

Focusing electrode voltage Vg3 = max. 1000 

= max . 1600 
First accelerator voltage 

Vg2 = min. 800 

Control grid voltage 

negative - Vgl = max . 200 

positive Vgl = max . 0 

positive peak Vgl 
P 

= max . 2 

Cathode to heater voltage 

cathode positive V+k/f- = max. 100 

cathode negative V-k/f+ = max. 15 

Voltage between astigmatism control 
electrode and any deflection plate 

Vg4/x = max. 500 

Vg4/y = max. 500 

Screen dissipation Wp = max. 3 

Ratio Vg6(.Q )/Vg4 Vg6(~)/Vg4 max. 4 

V 

V 

V 
V 

V 

V 
V 

V 

V 

V 

V 

V 

V 

V 

mW/cm2

7Z2 5588 
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D.7-11 

1) This tube is designed for optimum performance when operating at the ratio 
Vg6~ ~ )/ Vg4 = 4. Operation at other ratio may result in changes in deflection 
uniformity and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

3) The sensitivity at a deflection of .less than 75~ of the useful scan will not dif-
fer from the sensitivity at a deflection of 25~ of the useful scan by more than 
the indicated value. 

4) A graticule, consisting of concentric rectangles of 40.8 mm x 40.8 mm and 
39.2 mmx 39.l mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction poten-
tials applied. 

5) Values to be taken into account for the calculation of the facus potentiometer. 

7Z2 5589 
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D.7-31 

INSTRUMENT CATHODE-RAY TUBE 

Low accelerator voltage cathode-ray tube for monitoring purposes. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg4 g2(p) = S00 V 

Display area Both directions full scan 

Deflection factor, horizontal MX 37 V/cm 

vertical My 21 V/cm 

SCREEN 

DG7 -31 

Useful screen diameter 

Useful scan 

horizontal 

vertical 

Colour Persistence 

yellowish green ~ medium 

min. 65 mm 

HATING 

Indirect by A . C . or D. C . ; parallel supply 

I-Ieater voltage, 

Heater current 

full scan 

full scan 

Vf = 6.3 V 

If = 300 mA 

7Z2 5616 
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D.7-31 

MECHANICAL DATA 

92.94 x)  x2 
° 

y2 °e s ro°o~ ~~o 
y) 06 ~ 12° 

°5 4 a 2 ~o 

93~ ~ 9~ 
kf f 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube . 

f 

f 

Dimensions in mm 

Base Duodeca112 pins 

Dimensions and connections 

See also outline drawing 

Overall length max. 172 mm 

Face diameter max. 71 mm 

Net weight: approx. 120 g 

Accessories 

Socket type 5912/20 

Mu-metal shield type 55530 

2 

7Z2 5581 



D.7-31 

CAPACITANCES 

xl to all other elements except x2

x2 to all other elements except xl 

yl to all other elements except Y2 

y2 to all other elements except yl

xl to x2 

yl to Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates asymmetrical 

y plates symmetrical 

Angle between x and y traces 90° +1.5°

LINE WIDTH 

Measured on a circle of 50 mm diameter 

Accelerator voltage 

Beam current 

Line width 

Vim , g2(.Q ) 

I(p ) 

l.w. 

Cxl(x2) 3.7 pF 

Cx2(xl ) 3.0 pF 

Cyl(Y2) 2.5 pF 

Cy2(Yl) 2.5 pF 

Cxlx2 
= 1.7 pF 

CYly2 
= 1.0 pF 

Cgl 
= 7.6 pF 

Ck = 3.2 pF 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg4>g2(p) _ 
Focusing electrode voltage Vg3 = 

Control grid voltage for visual 
extinction of focused spot 

Deflection factor, horizontal 

vertical 

Geometry distortion 

Useful scan, horizontal 

vertical 

-Vgl

MMx

y 

500 V 

0.5 µA 

0.4 mm 

500 V 

0 to 120 V 

= 50 to 100 V 

= 33.3 to 41.5 V/cm 

= 18.8 to 23.2 V/cm 

See note 1 page 4 

full scan 

full scan 
7Z2 5618 
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D.7-31 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage 

Focusing electrode voltage 

Control grid voltage 
negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp = max. 2 V 

Cathode to heater voltage 
cathode positive 

cathode negative 

Voltage between accelerator electrode 

= max . 800 V 
Vg4~g2 ( ~ ) = min. 400 V 

Vg3 = max. 200 V 

V+k/f- = max. 200 V 

V-k/f+ = max. 125 V 

and any deflection plate Vg4/x = max. 500 V 

Vg4/Y = max. 500 V 

Screen dissipation W p = max. 3 mW/cm2

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 = 0 to 240 V per kV of Vg

Control grid voltage for visual 
extinction of focused spot -Vgl = 100 to 200 V per kV of Vg2

Deflection factor at Vg(~)/Vg

horizontal Mx = 67 to 83 V/cm per kV of Vg

vertical My = 37.6 to 46.4 V/cm per kV of Vg

Control grid circuit resistance Rgl = max. 0.5 MS2 

Deflection plate circuit 
resistance Rx, Ry = max. 5 MS2 

Focusing electrode current Ig = -15 to +10 µA 2) 

1) A graticule, consisting of concentric rectangles of 43.2 mm x 43.2 mm and 

40 mm x 40 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fa1L between these rectangles with optimum correction poten-
tials applied. 

2) Values to be taken into account for the calculation of the focus potentiometer. 

Remark: A contrast improving transparent conductive coating connected to g4, g2 
is present between glass and fluorescent layer. This enables the appli-
cation of a high potential to g4, g2 with respect to earth, without the 
risk of picture distortion by touching the face (electrostatic body-effect) 

7Z2 5583 
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D.7-32 

INSTRUMENT CATFIODE-RAY TUBE 

Low accelerator voltage cathode-ray tube for monitoring purposes. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg ~ f) = 500 V 

Both directions full scan 

M X

M y

= 37 V/cm 

= 21 V/cm 

SCREEN 

Colour Persistence 

DG7 -32 yellowish green medium 

Useful screen diameter 

Useful scan 

horizontal 

vertical 

HEATINC3 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

min. 65 mm 

full scan 

full scan 

Vf = 6.3 V 

Ip = 300 mA 

7Z2 5580 



D.7-32 

MECHANICAL DATA 

92.94 
x/ x2 
0 y2 oe g ~o 

°7 11°
y l 06 ~ 120 

050 
010 

3 0 

kf f 
Mounting position: any 

Dimensions in mm 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Duodecal 12 pins 

Dimensions and connections 

See also outline drawing 

Overall length max. 172 mm 

Face diameter max. 71 mm 

Net weight: approx. 120 g 

Accessories 

Socket type 5912/20 

Mu -metal shield type 55530 

7Z2 5581 
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CAPACITANCES 

xl to all other elements except x2

x2 to all other elements except x l

yl to all other elements except Y2 

y2 to all other elements except y l

xi  to x2 

Y1 iO Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

Angle between x and y traces 90°± 1.5°

LINE WIDTH 

Measured on a circle of 50 mm diameter 

Accelerator voltage 

Beam current 

Line width 

TYPICAL OPERATING CONDITIONS 

Cxl (x2) 3.7 pF 

Cx2 (xl ) 
3.0 pF 

CY1 (Y2) 2.5 pF 

CY2 (Y1) 2.5 pF 

Cxlx2 
1.7 pF 

CYlY2 
= 1.0 pF 

Cgl 
= 7.6 pF 

Ck = 3.2 pF 

Vg4~ g2 (p ) 

I(Q) _ 

I.w. _ 

500 V 

0.5 µA 

0.4 mm 

Accelerator voltage Vg4 g2 (~) = 500 V 

Focusing electrode voltage Vg3 = 0 to 120 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 50 to 100 V 

Deflection factor, horizontal Mx = 33.3 to 41.5 V/cm 

vertical My = 1.8.8 to 23.2 V/cm 

Geometry distortion See note 1 page 4 

Useful scan, horizontal full scan 

vertical full scan 7Z2 5582 



D.7.32 

LIMITING VALUES (Absolute max. rating system) 
= max . 800 V 

Accelerator voltage Vg4 g2 (p ) = min. 400 V 

Focusing electrode voltage Vg3 = max. 200 V 

Control grid voltage 
negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp = max. 2 V 

Cathode to heater voltage 
cathode positive V+k/f- = max. 200 V 

cathode negative V-k/f+ = max. 125 V 

Voltage between accelerator electrode 
and any deflection plate Vg4/x = max. 500 V 

Vg4/y = max. 500 V 

Screen dissipation W ~ = max. 3 mW/cm2

CIRCUIT DESIGN VALUES 

Focusing voltage 

Control grid voltage for visual 
extinction of focused spot 

Deflection factor at Vg (,Q )/Vg

horizontal 

Vg3

-Vgl

Mx

= 

= 

= 

0 to 

100 to 

67 to 

240 

200 

83 

V per kV of Vg

V per kV of Vg2

V/cm per kV of Vg

vertical My = 37.6 to 46.4 V/cm per kV of Vg

Control grid circuit resistance 

Deflection plate circuit 
resistance 

Rgl = 

Rx, Ry = 

max. 

max. 

0.5 

5 

MS2 

MS2 

Focusing electrode current Ig = -15 to +10 µA 2) 

1) A graticule, consisting of concentric rectangles of 43.2 mm x 43.2 mm and 

40 mm x 40 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction poten-

tials applied. 

2) Values to be taken into account for the calculation of the focus potentiometer. 

Remark: A contrast improving transparent conductive coating connected tog4'g2 
is present between glass and fluorescent layer. This enables the appli-
cation of a high potential to g4, g2 with respect to earth, without the 
risk of picture distortion by touchingthe face(elecirostaticbody-effect) 

7Z2 5583 
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D.7-36 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with 7 cm diameter flat face-plate. The tube is intended for 
small service oscilloscopes. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg (p~ _ 1500 V 

Display area 5.7 x 6.8 cm 

Deflection factor, horizontal Mx = 27.3 V/cm 

vertical My = 18.8 V/cm 

SCREEN 

Colour Persistence 

DB7-36 
DG7-36 
DN7-36 

blue 
yellowish green 
bluish green 

medium short 
medium 
medium short 

Useful scan 

horizontal 

vertical 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

min. 68 mm 

min. 57 mm 

Vf = 6.3 V 

If = 300 mA 

7Z2 5620 
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D.7-36 

MECHANICAL DATA Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base Duodecal l2 pins 

Dimensions and connections 

See also outline drawing 

Overall length max. 296 mm 

Face diameter max. 77.8 mm 

Net weight: approx. 370 g 

Accessories 

Socket type 5912/20 

Mu -metal shield type 55531 

7Z2 5621 
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D.7-36 

I 

1 

CAPACITANCES 

xI to atl other elements except x2 

x2 to all other elements except xl 

yl to all other elements except y2

y2 to all other elements except yI 

xI to x2

Y1 to Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

CxI~x2) = 6.0 pF 

Cx2(xI ) = 6.0 pF 

Cyl~Y2) = 4.7 pF 

Cy2~Yl) 4.7 pF 

Cxlx2 
= 1.9 pF 

Cyly2 
= 1.7 pF 

Cgl 
= 5.7 pF 

Cg = 3.3 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hencea low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90°  ± I° 

LINE WIDTH 

Measured on a circle of 50 mm diameter 

Finalaccelerator voltage Vg4 
g2~p) 

= 1500 V 

Beam current I~ ~) = 0.5 µA 

Line width l.w. = 0.4 mm 

7Z2 5622 
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D.7-36 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage 

Focusing electrode voltage 

Control grid voltage for visual 
extinction of focused spot 

Deflection factor 

Vg4,g2(~) = 1500 V 

Vg3 = 247 to 397 V 

_Vgl = 40 to 80 V 

horizontal M x = 24.5 to 30 

vertical My = 17.0 to 20.5 

Deviation of linearity of deflection 

Geometry distortion 

Useful scan 

horizontal 

vertical = mi.n. 57 mm 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage Vg4,g2(p)

= max . 

See note 2 

= min. 

2 

68 

max. 2500 V 

min. 1000 V 

Focusing electrode voltage Vg3 = max. 1000 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp = max. 2 V 

Cathode to heater voltage 

cathode positive 

cathode negative 

Voltage between final accelerator 
and any deflection plate 

Screen dissipation 

V+k/f - = max . 200 V 

V-k/f+ = max. 125 V 

V/cm 

V/cm 

~ 1)

mm 

Vg4 
g2/xP 

= max. 500 V 

Vg4, g2/yp = max . 500 V 

W~ = max. 3 mW/cm2

i)2) See page 5 7Z2 5623 
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D.7-36 

CIRCUIT DESIGN VALUES 

Focusing voltage 

Control grid voltage for vis-
ual extinction of focused spot 

Deflection factor 

horizontal 

Vg3

-Vgl

Mx

= 165 to 265 

= 27 to 53 

= 16.3 to 20.0 

V per kV of Vg4, 
g2 

V per kV of 
Vg4> g2 

V/cm per kV of Vg4~g2 
vertical 

Control grid circuit 
resistance 

Deflection plate circuit 
resistance 

My = 11 .2 to 13.7 

Rgl =max. 1.5 

Rx, Ry =max. 5 

V/cm per kV of 
Vg4° g2 

MS2 

MS2 

Focusing electrode current Ig3 = -15 to +10 µA 3) 

1) The sensitivity at a deflection of less than 75~ of the useful scan will not 
differ from the sensitivity at a deflection of 25~ of the useful scan by more 
than the indicated value. 

2) A graticule, consisting of concentric rectangles of 40.8 mm x 40.8 mm and 
39.2 mm x 39.2 mm is aligned with the electrical x axis of the tube. The 
edges of a raster will fall between these rectangles with optimum correction 
potentials applied. 

3) Values to be taken into account for the calculation of the focus potentiometer. 

7Z2 5624 
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D.7-78 

INSTRUMENT CATWCaDE—RAY TUBE 

Oscilloscope tube with 7 cm diameter flat faceplate and post deflection acceler-
ation by means of a helical electrode. The tube is intended for small service 
oscilloscopes. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg6~ ~ ) = 1200 V 

Display area = 4 . Sx6 cm 

Deflection factor, horizontal = 10.7 V/cm 

vertical M

i x 

y 
= 3.65 V/cm 

SCREEN 

Colour Persistence 

DB 7-78 
DH7-78 
DN7-78 
DP7-78 

blue 
green 
bluish green 
yellowish green 

medium short 
medium short 
medium short 
long 

Useful screen diameter min. 68 mm 

Useful scan at Vg6~ ~~/Vg4 = 4 

horizontal min. 60 mm 

vertical min. 45 mm 

HEATING 

Indirect by A . C . or D . C . ; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

I f = 300 mA 

7Z2 5625 
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D.7-78 

MECHANICAL DATA Dimensions in mm 

,.~95
Y1

Y2
'g4 
k2 

~  76.9±1

~g6 

+i 
0 

51± 1.5 ~ ~, 
O N 
~ O 
of E 

co 
rn
N 

O 

zzoo~a,a. 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base 14 pins all glass 

Dimensions and connections 

Overall length max. 296 mm 

Face diameter max. 77.8 mm 

Net weight approx. 370 g 

Accessories 

Socket (supplied with the tube) type 40467 

Final accelerator contact connector type 55563 

Mu-metal shield type 55532 

7Z2 5626 
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D.7-78 

CAPACITANCES 

xl to all other elements except x2

x2 to all other elements except xl

Y l to all other elements except y2

y2 to all other elements except yl

xl to x2

yl to y2

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) = 3.5 pF 

Cx2(xl) 3.5 pF 

CY1(Y2) 
3.0 pF 

CY2(Y1) 
3.0 pF 

Cxlx2 
= 1 .7 pF 

CYlY2 
= 1.6 pF 

Cgl = 3.5 pF 

Ck = 2.6 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will. intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90 ± 1° 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage Vg6(Q) 1200 

Astigmatism control electrode voltage Vg4 300 

First accelerator voltage Vg2 = 1200 

Beam current I(p) = 10 

Line width l.w . = 0.65 

HELIX 

Post deflection accelerator helix resistance min. 40 

V 

V 

V 

µA 

mm 

MSZ 

7Z2 5627 
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D.7-78 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg6(Q) 1200 4000 V 

Geometry control electrode 
voltage Vg5 = 300 ± 30 1000 ± 100 V 1) 

Astigmatism control 
electrode voltage Vg4 = 300 ± 40 1000 + 50 V 2) 

Focusing electrode voltage Vg3 20 to 15015 35 to 165 V 

First accelerator voltage Vg2 = 1200 1000 V 

Control grid voltage for 
visual extinction of 

focused spot -Vgl = 36 to 72 30 to 60 V 

Modulation voltage for 
I(p) = 10 µA Vgl = max. 25 max. 25 V 

Deflection factor 

horizontal Mx = 9.4 to 12 31.3 to 40.0 V/cm 

vertical My = 3.2 to 4.1 10.7 to 13.7 V/cm 

Deviation of linearity of 
deflection = max. 2 max. 2 ~ 3) 

Geometry distortion See note 4 

Useful scan 

horizontal = min. 60 60 mm 

vertical = min. 45 45 mm 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg = 35 to 165 V per kV of Vg4

Control grid voltage for visual 
extinction of focused spot -Vgl 30 to 60 V per kV of Vg2

Deflection factor at Vg6(Q)/Vg4 = 4 

horizontal Mx = 31.3 to 40.0 V/cm per kV of Vg4

vertical My = 10.7 to 13.7 V/cm per kV of Vg4

Control grid circuit resistance Rgl = max. 1.5 MS2 

Deflection plate circuit 
resistance Rx Ry = max. 50 kSl 

Focusing electrode current Ig3 = -15 to +10 µA 5) 

4 
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D.7-78 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage Vg6(Q ) 

Geometry control electrode voltage Vg5

Astigmatism control electrode voltage Vg4

Focusing electrode voltage Vg3

First accelerator voltage V82

Control grid voltage 

negative -Vgl

positive Vgl

positive peak Vgl
P 

Cathode to heater voltage 

cathode positive V+k/f- 

cathode negative V
-k/f+ 

Voltage between astigmatism control Vg4/x 
electrode and any deflection plate Vg4/y 

Screen dissipation W~ 

R atio Vg (f)/ Vg Vg. (~)/Vg

= max. 5000 V 
= min. 1200 V 

= max. 2200 V 

= max. 2100 V 
= min. 300 V 

= max. 1000 V 

= max. 1600 V 
= min. 800 V 

max. 200 

= max. 0 

= max. 2 

= max. 200 

= max. 125 

= max. 500 
= max. 500 

= max. 3 

= max. 4 

V 

V 

V 

V 

V 

V 
V 

mW/cm2

1) This tube is designed for optimum performance when operating at the ratio 

Vg (~)/Vg = 4. Operating at other ratio may result in changes in deflection 

um~ormity4and geometry distortion. The geometry control electrode voltage 
should be adjusted for optimum performance. For any necessary adjustment 
its potential will be within the stated range. 

2) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

3) The sensitivity at a deflection of less than 75~ of the useful scan will not dif-
fer from the sensitivity at a deflection of 25°0 of the useful scan by more than 
the indicated value. 

4) A graticule, consisting of concentric rectangles of 40.8 mm x 40.8 mm.and 

39.2 mm x 39.2 mm is aligned with the electrical x axis of the tube. The 

edges of a raster will fall between these rectangles with optimum correction 
potentials applied. 

5) Values to be taken into account for the calculation of the focus potentiometer. 

7Z2 5629 
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D.7-91 

INSTRUMENT CATHODE-RAY TUBE 

7 cm diameter oscilloscope tube for monitoring purposes 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg4 g2~ f) = 1000 kV 

Both directions full scan 

MX

My

= 20 V/cm 

= 11.5 V/cm 

SCREEN 

Colour Persistence 

DH7-91 green medium short 

Useful scan 

horizontal 

vertical 

full scan 

full scan 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

MAINTENANCE TYPE 

Vf = 6.3 V 

If = 550 mA 

7Z2 5630 



D.7-91 

MECHANICAL DATA 

xl 

9492 o x2 

4 
5 

6 
Y2 °3 (1 7 ° g3 

Y~ °a f s e° g1 

fk 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base English Loctal 9 pins 

Dimensions and connections 

Overall length max. 257 mm 

Face diameter max. 71 mm 

Net weight: approx. 225 g 

Accessories 

Socket type 5906/20 or 40212 

Mu-metal shield type 55533 

7Z2 5631 
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D.7-91 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl 

yl to all other elements except Y2 

Y2 to all other elements except yl 

xl  to x2 

yl to Y2
Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) 5.8 pF 

Cx2(xl) = 5.8 pF 

Cyl(Y2) 3.5 pF 

CY2(yl ) 3.5 pF 

Cxlx2 
= 1 .8 pF 

Cyly2 
2.2 pF 

Cgl = 6.6 pF 

Ck 3.0 pF 

DEFLECTION double electrostatic 
symmetrical or asymmetrical 

For optimum focus, with symmetrical operation, the average potentials of the 
deflection plates and g4 g2 should be equal. With asymmetrical operation, the 
potential of anyone deflection plate should not differ from Vg4~ g2 by more than 
the deflection voltage. 

Angle between x and y traces 90° + 2°

LINE WIDTH 

Measured on a circle of 40 mm diameter 

Final accelerator voltage Vg4 g2(p) = 1000 V 

Beam current I(P) = L µA 

Line width l.w. = 0.6 mm 

7Z2 5632 
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D.7-91 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg4~ g.2~p) = 1000 V 

Focusing electrode voltage Vg3 = 210 to 320 V 

Control grid voltage for visual extinction 
of focused spot -Vgl = 50 V 

Deflection factor 

horizontal 

vertical 

Geometry distortion 

Useful scan 

horizontal 

vertical 

Mx

MY 

LINIITING VALUES (Absolute max. rating system) 

= 16.4 to 24.4 V/cm 

= 9.5 to 14.6 V/cm 

See note 1 

full scan 

full scan 

max. 1500 V 
Final accelerator voltage 

Vg4° g2(Q) min. 700 V 

Focusing electrode voltage Vg3 = max. 500 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp = max. 2 V 

Screen dissipation W p = max. 3 W/cm2

1) The length of the edges of a raster pattern whose mean dimensions are less 
than 72~ of the useful scan will not deviate from these mean dimensions by 
more than 3.5°Jo in the case of asymmetrical operation, or 2.5% in the case of 
symmetrical operation. 7Z2 5633 



D.9-3 

INSTRUMENT CATHODE-RAY TUBE 

9 cm diameter oscilloscope tube for monitoring purposes 

SCREEN 

Colour Persistence 

DB 9-3 

DG9-3 
DN9-3 

blue 
yellowish green 
yellowish green 

medium short 
medium 
medium short 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

f,k f 

Base 

Vf = 4.0 V 

If

ma 

= 1000 mA 

Dimensions in mm 

93 5-97.5 

F7 7Z2 5634 
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D.9-3 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates asymmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3~p~ = 1000 V 

Focusing electrode voltage Vg2 = 200 to 400 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 0 to 40 V 

Deflection factor 

horizontal Mx 32.2 V/cm 

vertical My 25 V/cm 

Useful scan 

horizontal full scan 

vertical 

LIMITING VALUES (Absolute max. rating system) 

full scan 

Accelerator voltage Vg3(p) max. 1200 V 

Focusing electrode voltage Vg2 = max. 500 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl max. 0 V 

positive peak Val = max. 2 V 
P 

7Z2 5635 
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D.9-4 

INSTRUMENT CATHODE-RAY TUBE 

9 cm diameter oscilloscope tube for monitoring purposes 

SCREEN 

Colour Persistence 

DB9-4 
DG9-4 
DN9-4 

blue 
yellowish green 
yellowish green 

medium short 
medium 
medium short 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

f,k f 

Base FJ 

xl 
93 x2 

91 f 
o ~ p k max49 

30 

Y2 0~0 40 92
0 

Yl~000 

93 xl x2 

Vf = 4.0 V 

If = 1000 mA 

Dimensions in mm 

7Z2 5636 
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D.9-4 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg3(Q) = 1000 V 

Focusing electrode voltage Vg2 = 200 to 400 V 

Control grid voltage for visual extinction 

of focused spot -Vgl = 0 to 40 V 

Deflection factor 

horizontal Mx = 32.2 V/cm 

vertical My = 25 V/cm 

Useful scan 

horizontal 

vertical 

full scan 

full scan 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage Vg3(k) max. 1200 V 

Focusing electrode voltage Vg2 = max. 500 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vgl = max. 2 V 
P 

7Z2 5637 
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INSTRUMENT CATHODE-RAY TUBE 

SCREEN 

Colour Persistence 

DB9-5 
DG9-5 
DN9-5 

blue 
yellowish green 
yellowish green 

medium short 
medium 
medium short 

HEATING 

Indirect by A.C. or D.C.; 

MECHANICAL DATA 

Base i~ J 

parallel supply 

Heater voltage 

Heater current 

Y~ 

9- x2 
9~ f 

~o~ 
~ 2 0 3 

070 40 

oe ~ o 0 
q3~ x ~ x2 

g4~ 

f, k 

92

Vf = 4.0 V 

If = 1000 mA 

Dimensions in mm 

93 5-97.5 

7Z2 5640 
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D.9-5 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates asymmetrical 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg4~ p) = 5000 V 

First accelerator voltage Vg3 = 1000 V 

Focusing electrode voltage Vg2 = 230 to 430 V 

Control grid voltage for visual extinction 
of focused spot -Vgl = 0 to 40 V 

Deflection factor 

horizontal Mx = 66.5 V/cm 

vertical My = 55.5 V/cm 

Useful scan 

horizontal 

vertical 

full scan 

full scan 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage 

First accelerator voltage 
Vg4~ p) 

Vg3 = 

max. 5500 

max. 1200 

V 

V 

Focusing electrode voltage Vg2 = max. 500 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vg1 = max. 0 V 

positive peak Vgl = max. 2 V 
P 

7Z2 5641 
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D.10-Z 

INSTRUMENT CATHODE-RAY TUBE 

10 cm oscilloscope tube for monitoring purposes 

SCREEN 

Colour Persistence 

DB 10-2 
DG10-2 
DP 10-2 

blue 
yellowish green 
yellowish green 

medium short 
medium 
long 

HEATING 

Indirect by A . C . or D . C . ; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

Base Magnal 11 pin 

9 

k o3 ~ 90 
oa ~ ~~ioa

~~ 
f f 

Y1 0 a 
92.94 

3 045 6 780 x2 

xl 

R=10 

Vf = 6.3 V 

I f = 300 mA 

Dimensions in mm 

93.5-97.5 

max45 

~ ~ 

0 

N 

e 

~  ~ ~ 

7Z2 5638 



D.10-2 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg4 g2(f) = 2000 V 

Focusing electrode voltage Vg3 = 400 to 720 V 

Control grid voltage for visual extinction 
of focused spot -Vgl = 45 to 100 V 

Deflection factor 

horizontal Mx = 33.2 to 41.5 V/cm 

vertical My = 26.3 to 31.2 V/cm 

Useful scan 

horizontal 

vertical 

full scan 

full scan 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage Vg4 g2(f) max. 2500 V 

Focusing electrode voltage Vg3 = max. 1000 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vg.l = max. 0 V 

positive peak Vgl = max. 2 V 
P 

7Z2 5639 
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D.10-3 

INSTRUMENT CATHODE-RAY TUBE 

10 cm oscilloscope tube for monitoring purposes. 

SCREEN 

colour persistence 

DB 10-3 

DG10-3 

blue 

yellowish green 

medium short 

medium 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

Base 

Vg 4 V 

If 560 mA 

Dimensions in mm 

9~ f 
~° o 1 2

30
y2 09 40 

Y~ ~o~0 0 
92,84 xl 'x2 

f, k 

g3 

x2 has to be connected to g2,g4 
Earthing of g2 , g4 is recommended. 

FJ 7Z2 6030 

OBSOLETE TYPE 



D.10-3 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates asymmetrical 

y plates symmetrical 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage 
Vg4 g2(p) 1000 V 

Focusing electrode voltage Vg3 200 to 340 V 

Control grid voltage for visual extinction 

of focused spot -Vgl 18 to 46 V 

Deflection factor, horizontal Mx 18 V/cm 

vertical My 15.4 V/cm 

Useful scan, horizontal 

vertical 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage V (~) 
g4°g2 

full scan 

full scan 

max. 1200 

min. 800 

V 

V 

Focusing electrode voltage Vg3 max. 500 V 

Control grid voltage, 

negative -Vgl max. 150 V 

positive Vgl max. 0 V 

positive peak Vgl max. 2 V 
P 

7Z2 6031 

2 



D.10-3 
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D.10-3 
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D.10-5 

INSTRUMENT CATHODE-RAY TUBE 

10 cm oscilloscope tube for monitoring purposes 

SCREEN 

Colour Persistence 

DB 10-5 
DGIO-5 

blue 
yellowish green 

medium short 
medium 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

MECHANICAL DATA 

f, k 

y2 og 40 ̀ g3 

y~ 

g2,y4_ xl "x2 

Base FJ 

Vg = 4.0 V 

If = 560 mA 

Dimensions in mm 

rzo3ue. 

7Z2 5642 

OBSOLETE TYPE I ~ 



D.10-5 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

« ~ plates symmetrical 

}~ plates asymmetrical 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg5(p) = 2500 V 

Accelerator voltage Vg4~ g2 = 1000 V 

Focusing electrode voltage Vg3 = 200 to 340 V 

Control grid voltage for visual extinction 
of focused spot -Vgl 18 to 46 V 

Deflection factor 

horizontal M x 27 V/cm 

vertical M y 21 V/cm 

Useful scan 

horizontal 

vertical 

full scan 

full scan 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage Vg5(p) max. 3000 V 

Accelerator voltage Vg4 
g2 

max. 1200 V 

Focusing electrode voltage Vg3 = max. 500 V 

Control grid voltage 

negative -Vgl = max. 200 V 

positive Vgl = max. 0 V 

positive peak Vglp = max. 2 V 

7Z2 5643 

2 



INSTRUMENT CATHODE-RAY TUBE 

10 cm diameter oscilloscope tube for monitoring purposes 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Defelction factor, horizontal 

vertical 

Vg5(f) 4 kV 

Both directions full scan 

MX

My

46 V/cm 

36 V/cm 

SCREEN 

colour persistence 

DB 10-6 
DG10-6 
DP 10 -6 

blue 
yellowish green 
yellowish green 

medium short 
medium 
long 

Useful scan at Vg5(p)/Vg4 
g2 

= 2 

horizontal 

vertical 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

full scan 

full scan 

Vf 6.3 V 

If 300 mA 

7Z2 6210 

1 



D.10-6 

MECHANICAL DATA 

R.f0 

+i 
0 95 ~ 

~~0 

kf t 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Magnal 

Dimensions and connections 

Overall length max. 341 mm 

Face diameter max. 97.5 mm 

Accessories 

Socket type 5911/20 

Final accelerator contact connector type 55560 

Mu -metal shield type 55540 

7Z2 6211 

2 i 



D.10-6 

CAPACITANCES 

xl to all other elements except x2 Cxl(x2) 5.5 pF 

x2 to all other elements except xl Cx2(xl) 5.5 pF 

yl to all other elements except y2 
CY1(y2) 

4.7 pF 

y2 to all other elements except yl  Cy2(yl) 4.7 pF 

xl  to x2 
Cxlx2 

2.5 pF 

yl  to y2 C
Yly2 

1.9 pF 

Control grid to all other elements Cgl 4.6 pF 

Cathode to all other elements Ck 6.0 pF 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

Angle between x and y traces 

TYPICAL OPERATING CONDITIONS 

90 + 1.5° 

Final accelerator voltage Vg5(p) 4000 V 

First accelerator voltage Vg4 
g2 

2000 V 

Focusing electrode voltage Vg3 400 to 720 V 

Control grid voltage for visual extinction 

of focused spot -Vgl 45 to 100 V 

Deflection factor, horizontal Mx 40 to 52.5 V/cm 

vertical My 32 to 40 V/cm 

Useful scan, horizontal full scan 

vertical full scan 

7Z2 6006 



D.10-6 

LINE WIDTH 

Measured on a circle of 50 mm diameter. 

Final accelerator voltage 

First accelerator voltage 

Beam current 

Line width 

LIMITING VALUES 

Vg5(.Q) 4000 V 

Vg4 
g2 

2000 V 

I(.Q) 0.5 µA 

l.w. 0.3 mm 

Final accelerator voltage Vg5(Q) max. 5000 V 

First accelerator voltage Vg2 
g4 

max. 2500 V 

Focusing electrode voltage Vg3 max. 1000 V 

Control grid voltage, 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

positive peak Vglp max. 2 V 

Cathode to heater voltage, 

cathode positive V+k/f- max. 200 V 

cathode negative V-k/f+ max. 125 V 

Voltage between 

and any deflection plate Vg4/x max. 500 V 

V
g4/y 

max. 500 V 

Screen dissipation Wp max. 3 mW/cm2

Ratio Vg5(.Q)/Vg4 
g2 

Vg5(~)/Vg4, g2 max. 2 

7Z2 6007 

4 



INSTRUMENT CATHODE-RAY TUBE 

10 cm diameter flat faced oscilloscope tube for medium class equipment. 

QUICH REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

VgS~ f) 4 kV 

Both directions full scan 

MX

My

46 V/cm 

36 V/cm 

SCREEN 

colour persistence 

DB10-74 

DG10-74 

DP 10-74 

blue 

yellowish green 

yellowish green 

medium short 

medium 

long 

Useful scan at Vgs(pl/Vg4 g2 = 2 

horizontal 

vertical 

full scan 

full scan 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 3UU mA 

f 7Z2 6004 

1 



D.10-74 

MECHANICAL DATA 

q3 

kf f 

2 
Yi y X92,94

0 
04 g 6 ~ eo~x2 

92'94 k ~ 002 ~ 1000 
~x l 

gl. 0 0 

f t 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube . 

Base Magnal 

Dimensions and connections 

Overall length 

Face diameter 

Accessories 

max . 341 mm 

max . 97.5 mm 

Socket type 5911/20 

Final accelerator contact connector type 55560 

Mu-metal shield type 55540 

7Z2 6005 

2 



D.10-74 

CAPACITANCES 

xl to all other elements except x2

to all other elements except xl

yl to all other elements except y2

y2 to all other elements except yl

x2 

xl  to x2 

yl to Y2 
Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) 5.5 

Cx2(xl) 5.5 

CY1(Y2) 
4.7 

CY2(Y1) 4.7 

Cxlx2 
2.5 

CYlY2 
1.9 

Cgl 4.6 

Ck 6.0 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

Angle between x and y traces 90 + 1.50

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg5(p) 4000 V 

First accelerator voltage Vg4 
g2 

2000 V 

Focusing electrode voltage Vg3 400 to 7l0 V 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

Control grid voltage for visual extinction 
of focused spot -Vgl 45 to 100 V 

Deflection factor, horizontal Mx 40 to 52.5 V/cm 

vertical Niy 32 to 40 V/cm 

Useful scan, horizontal full scan 

vertical full scan 

7Z2 6006 

i i ~ 



D.10-74 

LINE WIDTH 

Measured on a circle of SO mm diameter. 

Final accelerator voltage 

First accelerator voltage 

Beam current 

Line width 

VS5(,Q) 4000 V 

Vg4 g2 
2000 V 

I(.Q) 0.5 µA 

l.w. 0.3 mm 

LIMITING VALUES 

Final accelerator voltage Vg5(p) max. 5000 V 

First accelerator voltage Vg2 
g4 

max. 2500 V 

Focusing electrode voltage Vg3 max. 1000 V 

Control grid voltage, 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

positive peak Vglp max. 2 V 

Cathode to heater voltage, 

cathode positive V+k/f- max. 200 V 

cathode negative V-k/f+ max. 125 V 

Voltage between 
and any deflection plate Vg~ x max. 500 V 

Vg~ y max. 500 V 

Screen dissipation Wp~ max. 3 mW/cm2

Ratio 
Vg5(pl)/Vg4~ g2 

Vg5( Qu/ V.74, g2 max . 2 

7Z2 6007 

4 



D.10-78 

INSTRUMENT CATHODE-RAY TUBE 

General purpose cathode-ray tube with flat face and post deflection acceleration 
by means of a helical electrode. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg~~) 4 kV 

Display area = 55x75 cm 

Deflection factor, horizontal Mx = 34 V/cm 

vertical My = 11 V/cm 

SCREEN 

Colour Persistence 

DB10-78 
DH10-78 
DN10-78 
DP10-78 

blue 
green 
bluish green 
yellowish green 

medium short 
medium short 
medium short 
long 

Useful scan diameter 

Useful scan at Vg6~ p)/Vg4 
g2 

= 4 

horizontal 

min. 

min. 

90 

75 

mm 

mm 

vertical min. 55 mm 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage 

Heater current 

Vf = 6.3 V 

If = 300 mA 

7Z2 5644 

1 



D.10.78 

MECHANICAL DATA 

96t/2±10°
-- 

96 22t~°+10°®g6 

xt 5xa gf g5 g.3 
y~ 

g 
Y2 

fk 23 4 5 
of 7 0 ~'2 

24 g3 f °14 eo g 'g gf f2 tt t 90 y1 
0 0 $ 9294 

xt x2 
k f f 

,Z°"" 
7201612. 

Dimensions in mm 

7203155 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Diheptal 12 pins 

Dimensions and connections 

Overall length 

Face diameter 

Net weight 

Accessories 

max. 305 mm 

max. 102 mm 

approx. 660 g 

Socket type 5914/20 

Final accelerator contact connector type 55560 

Mu-metal shield type 55541 

722 5645 

2 



D.10-78 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl 

yl to all other elements except Y2 

y2 to all other elements except yl 

x l to x2 

yl to Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) 
= 4 pF 

Cx2(xl) = 4 pF 

CY1(Y2) 
= 3.5 pF 

Cy2(yl) = 3.5 pF 

Cxlx2 
= 2.f pF 

Cyly2 
= 1.7 pF 

Cgl = 5.0 pF 

Ck = 3.4 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

Is use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90 + 1 ° 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage Vg6(p) 4000 

Astigmatism control electrode voltage Vg4 
g2 

= 1000 

Beam current I(p) = 10 

Line width l.w . = 0.35 

HELIX 

Post deflection accelerator helix resistance min. 50 

V 

V 

µA 

mm 

MS2 

7Z2 5646 

i i , 



D.10-78 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg6( p ) = 4000 V 

Geometry control electrode voltage Vg5 = 1000 +100 V 

Astigmatism control electrode voltage Vg4 g2 = 1000 + 50 V 

Focusing electrode voltage Vg3 150 to 350 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 22.5 to 37.5 V 

Deflection factor 

horizontal 

vertical 

Deviation of linearity of deflection 

Geometry distortion 

Useful scan 

horizontal 

vertical 

M x

My

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage Vg6(Q) 

Geometry control electrode voltage Vg5

Astigmatism control electrode 
voltage Vg4 g2 

Focusing electrode voltage Vg3

Control grid voltage, 

negative 

positive 

positive peak 

Cathode to heater voltage, 

cathode positive 

cathode negative 

Voltage between astigmatism 
control electrode 

and any deflection plate 

Screen dissipation 

.Ratio 
Vg6(~ )Vg4, g2 

4 

1) 

2) 

= 29 to 39 V/cm 

= 9.4 to 12.6 V/cm 

= max. 2 ~ 3) 

= See note 4 

= min. 75 mm 

= min. 55 mm 

= max. 8000 V 
= min. 1500 V 

= max. 2200 V 

max. 2100 V 
min. 1000 V 

= max. 1500 V 

-Vgl max. 200 

Vgl = max. 0 

Vglp = max. 2 

V+k/f- = max. 200 

V_k/f+ = max. 125 

Vg4, g2/x max. 500 

Vg4 ~ g2/Y = max. 500 

W _ max. 3 

Vg6(Q)/Vg4' g2 
max. 4 

V 

V 

V 

V 

V 

V 

V 

mW/cm2

7Z2 5647 



D.10-78 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 = 150 to 350 V per kV of Vg4 g2

Control grid voltage for 
visual extinction of 

focused spot -Vgl = 22.5 to 37.5 V per kV of Vg4, g2 

Deflection factor at 
Vg6~ P)/Vg4, g2 = 4 

horizontal Mx = 29 to 39 V/cm per kV of 
Vg4~g2 

vertical My = 9.4 to 12.6 V/cm per kV of V
g4 , g2 

Control grid circuit 
resistance Rgl = max. 1.5 MS2 

Deflection plate circuit 
resistance Rx, Ry = max. 1 1vIS2 

Focusing electrode 
current Ig. _ +15 to -30 µA 5) 

1) This tube is designed for optimum performance when operating at the ratio 
Vg6~p)/Vg4 g2 = 4. Operation at other ratio may result in changes in de-
flection uniformity and geometry distortion. The geometry control electrode 
voltage should be adjusted for optimum performance. For any necessary ad-
~justment its potential will be within the stated range. 

2) The astigmatism control electrode voltage should be adjusted for optimum 
spot shape. For any necessary adjustment its potential will be within the 
stated range. 

3) The sensitivity at a deflection of less than 75~ of the useful scan will not 
differ from the sensitivity at a deflection of 25°/-0 of the useful scan by more 
than the indicated value. 

4) A graticule, consisting of concentric rectangles of 51- mm x 51 mm and 
49 mm x 49 mm is aligned with the electrical x axis of the tube. The edges 
of a raster will fall between these rectangles with optimum correction po-
tentials applied. 

5) Values to be taken into account for the calculation of the focus potentiometer. 
7Z2 5648 

5 



D.10-78 
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D.10-94 

INSTRUMENT CATHODE-RAY TUBE 

Oscilloscope tube with a flat face plate of 10 cm diameter, post deflection accel-
eration and side contacts to the x and y plates. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

VgS~p~ = 4 kV 

Both directions full scan 

Mx

My

= 37 V/cm 

= 23 V/cm 

SCREEN 

Colour Persistence 

DB 10-94 
DH10-94 
DP 10-94 

blue 
green 
yellowish green 

medium short 
medium short 
long 

Useful screen diameter 

Useful scan at VgS~ p~/ Vg4 = 2 

horizontal 

vertical 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Healer current 

min. 90 mm 

full scan -

full scan 

Vp = 6.3 V 

If = 550 mA 

7Z2 5649 

I MAINTENANCE TYPE I 



D.10-94 

MECHANICAL DATA 

~, ~~e o~ . o~ ,. r~ ..,.~ a,~.M. ~.n~,~...~~.~ ,~.M, 
~, o ~ „> z.o ~,m. e,a. ~~~~~~, 

zzoxen 

Dimensions in mm 

106±2 
90~~ 

N 
+i 
0 

1
noses. 

Mounting position: any 

,The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base 612F 

Dimensions and connections 

Overall length max. 392 mm 

Face diameter max. 108 mm 

Net weight approx. 560 g 

Accessories 

Socket type 55562 

Final accelerator contact connector type 55563 

Side contact connector type 55561 

Mu -metal shield type 55543 

7Z2 5650 



D.1O-94 

CAPACITANCES 

x l to all other elements except x2

x2 to all other elements except xl

yl to all other elements except y2

y2 to all other elements except yl

xl  to x2

yl to Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl~x2) = 3.6 pF 

Cx2~xl) = 3.6 pF 

CYl~Y2) = 3.0 pF 

CY2~Y1) = 3.0 pF 

Cxlx2 
= 1.6 pF 

CYlY2 
= 1.5 pF 

Cgl 
= 4.7 pF 

Ck = 4.0 pF 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angle between x and y traces 90o t 1.5° 

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen 

Final accelerator voltage VgS~~) 4000 V 

Second accelerator voltage Vg4 = 2000 V 

First accelerator voltage Vg2 = 2000 V 

Beam current I t? = 3 µA 

Line width l.w. = 0.35 mm 

Page 4 

1) Beam trapping voltage. In order to obviate the necessity for pulsing the ,grid 

when displaying pulse or single- stroke phenomena, abeam trap is provided 

on the xl  plate. When a voltage of suitable magnitude is applied to the xl plate 

the beam is contained on that plate, and a state of minimum brilliance exist. 
7Z2 5651 

3 



D.10-94 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg5(f) = 4000 V 

Second accelerator voltage Vg4 = 2000 V 

Focusing electrode voltage Vg = 460 to 530 V 
3 

First accelerator voltage Vg2 = 2000 V 

Control grid voltage for visual 
extinction of focused spot -Vgl = 28 to 60 V 

Deflection factor 

horizontal Mx = 37 V/cm 

vertical My = 23 V/cm 

Useful scan 

horizontal full scan 

vertical full scan 

Beam trapping voltage 
Vxl -g4 = 220 to 340 V 1) 

LIMITING VALUES (Absolute limits) 

Final accelerator voltage 

Second accelerator voltage 

Focusing electrode voltage 

First accelerator voltage 

Control grid voltage 

negative 

positive 

positive peak 

Cathode to heater voltage 

V 
g5(p) 

= 
= 

Vg4 = 

Vg3 = 

Vg2 = 

max. 10 kV 
min . 1000 V 

max. 5000 V 

max. 1500 V 

max. 5000 V 

-Vgl = max. 200 

Vgl = max. 0 

Vglp = max. 2 

V 

V 

V 

cathode positive 

cathode negative 

Voltage between 

V+k/f- 

V-k/f+ 

= 

= 

max. 

max. 

200 

125 

V 

V 

and any deflection plate Vg~ x = max. 500 V 

Vg4/y = max. 500 V 

Ra[io Vg5(p )/ Vg4 Vg5(p )/ Vg4 = max . 2 

1) See page 3 7Z2 5652 

4 



D.13-2 

INSTRUMENT CATHODE-RAY TUBE 

The DG13-2 is a 13 cm spherical faced cathode ray tube primarily intended for 

inexpensive service oscilloscopes. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg5(k) 4 kV 

Both directions full scan 

Mx

My

31 V/cm 

26.5 V/cm 

SCREEN 

colour persistence 

DB 13-Z 

DG13-2 

DP 13-2 

blue 

yellowish green 

yellowish green 

medium short 

medium 

long 

Useful screen diameter 

Useful scan, horizontal 

vertical 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

min. 114 mm 

full scan 

full scan 

Vf 6.3 V 

If 300 mA 

7Z2 6168 

1 



D.13-2 

MECHANICAL DATA 

120 
yl y2 

~9a 94
x2 

x1 

f f 
kt f 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Diheptal 

Dimensions and connections 

Qveralllength 

Face diameter 

Accessories 

Socket 

Final accelerator contact connector 

Mu -metal shield 

max. 435 mm 

max. 135 mm 

type 5914/20 

type 55560 

type 55550 

7Z2 6169 

2 



D.13-2 

CAPACITANCES 

xl to all other elements except x2 Cxl(x2) 5.5 pF 

x2 to all other elements except xl Cx2(xl) 5.5 pF 

yl  to all other elements except y2 CYl(Y2) 4.7 pF 

Y2 to all other elements except yl Cy2(yl) 4.7 pF 

xl  to x2 Cxlx2 
2.5 pF 

Yl tO Y2 Cyly2 
1.9 pF 

Control grid to all other elements Cgl 4.6 pF 

Cathode to all other elements Ck 6.0 pF 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

Angle between x and y traces 90 ± 1° 

LINE WIDTH 

Measured on a circle of 50 mm diameter 

Final accelerator voltage Vg5(~¢D 4000 V 

First accelerator voltage Vg4,g2 2000 V 

Beam current I(R~1 0.5 µA 

Line width l.w. 0.3 mm 

7Z2 6170 

i i~ 



D.13-2 

'TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg5(;Q) 4000 V 

First accelerator voltage Vg4 g2 2000 V 

Focusing electrode voltage Vg3 400 to 720 V 

Control grid voltage for visual extinction 
of focused spot -Vgl 45 to 100 V 

Deflection factor, horizontal Mx 27 to 35 V/cm 

vertical My 24 to 29 V/cm 

Useful scan, horizontal full scan 

vertical full scan 

LIMITING VALUES 

Final accelerator voltage Vg5(Q) max. 5000 V 

Final accelerator voltage Vg4 g2 max. 2500 V 

Focusing electrode voltage Vg3 max. 1000 V 

Control grid voltage, 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

positive peak Vglp max. 2 V 

Cathode to heater voltage, 

cathode positive V-~-k/f_ max. 200 V 

cathode negative V _k/f+ max. 125 V 

Voltage between accelerator 
and any deflection plate Vg~ x max. 500 V 

Vg~y max. 500 V 

Screen dissipation W~Q max. 3 mW/cm2

7Z2 6171 

4 
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D.13-3t 

INSTRUMENT CATHODE-RAY TUBE 

13 cm diameter oscilloscope tube for inexpensive oscilloscopes. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area 

Deflection factor, horizontal 

vertical 

Vg4~ g2~.Q) 2 kV 

Both directions full scan 

Mx

My

26 V/cm 

21 V/cm 

SCREEN 

colour persistence 

DG13-32 yellowish green medium 

Useful screen diameter 

Useful scan 

horizontal 

vertical 

HEATING 

Indirect by A . C . or D . C . ; parallel supply 

Heater voltage 

Heater current 

min. 114 mm 

full scan 

full scan 

Vf 6.3 V 

If 600 mA 

7Z2 5995 



~2 

MECHANICAL DATA 

x2 

y2 

kf f 
~zozeoe 

x2 "~ i.c. 

92,94 oe g ~ ~ f 

y2 07 ~o f 
\ 06 2 

yt\ o 0 0 91

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base Duodecal 12 p 

Dimensions and connections 

Overall length max. 384.5 mm 

Face diameter max. 135.4 mm 

Net weight approx. 790 g 

Accessories 

Socket type 5912/20 

Final accelerator contact connector type 55560 

Mu-metal shield type 55550 

7Z2 5996 
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D.13-32 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl 

yl to all other elements except Y2 

y2 to all other elements except y l

xl  to x2

Yl iO y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

Cxl(x2) 9.3 

Cx2(xl) 5.0 

Cyl(Y2) 4.6 

CY2(yl) 4.6 

Cxl x2 
2.0 

C3'ly2 
1.5 

Cgl 4.3 

Cg 6.5 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

Angle between x and y traces 90 + 1° 

LINE WIDTH 

Measured on a circle of 50 mm diameter. 

Accelerator voltage 

Beam current 

Line width 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

2000 V 

0.5 µA 

0.4 mm 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg4 
g2(f) 

2000 V 

Focusing electrode voltage Vg3 340 to 640 V 

Control grid voltage for visual extinction 
of focused spot -Vgl max. 90 V 

Deflection factor, horizontal Mx 22 to 30 V/cm 

vertical My 18.2 to 24.2 V/cm 

Useful scan, horizontal full scan 

vertical full scan 

7Z2 5997 
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D.13-32 

LIMITING VALUES 

Final accelerator voltage 

Focusing electrode voltage 

Control grid voltage, 

negative 

positive 

positive peak 

Cathode to heater voltage, 

cathode positive 

cathode negative 

Voltage between 
and any deflection plate 

Screen dissipation 

CIRCUIT DESIGN VALUES 

Focusing voltage 

Control grid voltage for 
visual extinction of focused 
spot 

Deflection factor 

horizontal 

vertical 

Control grid circuit resistance 

Deflection plate circuit 
resistance 

Focusing electrode current 

Vg3 

-Vgl

M x

M y

Rgl 

Rx, R Y 
Ig
3 

Vg4>g2~~)

Vg3 

-Vgl

Vgl 
Vglp

V+k/f- 

V-k/f+ 

Vg4/x 

Vg4/Y 

W~ 

max . 2500 V 

max . 1000 V 

max . 

max . 

max . 

200 V 

0 V 

2 V 

max . 200 V 

max. 125 V 

max . 

max . 

max . 

500 V 

500 V 

3 mW/cm2

170 to 320 V per kV of Vg

max. 45 V per kV of Vg4 g2

11 to - 15 V/cm per kV of V
g4° g2 

9.1 to 12.1 V/cm per kV of V
g4° g2 

max . 1.5 MS2 

max . 5 MS2 

-15 to +15 µA 1) 

1) Values to be taken into account for the calculation of the focus potentiometer. 
7Z2 5998 
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D.13-34 

INSTRUMENT CATHODE-RAY TUBE 

13 cm diameter flat faced oscilloscope tube for general purpose oscilloscopes. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg5(Q) 4 kV 

Display area 10.2 x 10.2 cm 

Deflection factor, horizontal Mx 23.7 V/cm 

vertical My 17.7 V/cm 

SCREEN 

colour persistence 

DB 13-34 

DG13-34 

DP 13-34 

blue 

yellowish green 

yellowish green 

medium short 

medium short 

long 

Useful screen diameter 

Useful scan at Vg5(Q)/Vg4, g2 = 2 

min. 114 mm 

horizontal min. 102 mm 

vertical min. 102 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

Vf 6.3 V 

I f 600 mA 

7Z2 5999 
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D.13-34 

MECHANICAL DATA Dimensions in mm 
133±1.5 

25°45'±10°

Y? _9292 

kf f 
noaeo~ 

1 

706 

+I 

tl 
A 

_N 

+I 

N 

51±1.5 

~~~~ 
Imox5B.1 ~zoseoe 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Diheptal 12 p 

Dimensions and connections 

Overall length max. 130 mm 

Face diameter max. 134.5 mm 

Net weight approx. 1100 g 

Accessories 

Socket type 5914/20 

Final accelerator contact connector type 55560 

Mu-metal shield type 55550 

1) Lower side of straight part. 7Z2 6000 

2 



D.13-34 

CAPACITANCES 

xl to all other elements except x2 Cxl(x2) 4 pF 

x2 to all other elements except xl Cx2(xl ~ 4 pF 

yl to all other elements except y2 Cyl(y2) 4 pF 

Y2 to all other elements except yl CY2(yl) 4 pF 

xl to x2 Cxlx2 
2.5 pF 

yl to Y2 CYly2 
1.1 pF 

Control grid to all other elements Cgl 5 pF 

Cathode to all other elements Ck 4 pF 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plates symmetrical 

If use is made of the full deflection capabilities of the tube the deflection plates 
will intercept part of the electron beam; hence a low impedance deflection plate 
drive is desirable. 

Angel between x and y traces 90 ± to 

LINE WIDTH 

Measured on a circle of 50 mm diameter. 

Final accelerator voltage Vg5(1) 4000 V 

First accelerator voltage Vg4 
g2 

2000 V 

Beam current I(.Q) 0.5 µA 

Line width l.w. 0.3 mm 

7Z2 6001 
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D.13-34 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg5(;p) 

First accelerator voltage Vg4 
g2 

Focusing electrode voltage 
Vg3 

Control grid voltage for visual extinction 

of focused spot -Vgl

4000 

2000 

400 to 690 

45 to 75 

V 

V 

V 

V 

Deflection factor, horizontal Mx 21.2 to 26.2 V/cm 

vertical My 15.8 to 19.6 V/cm 

Deviation of linearity of deflection 

Geometry distortion 

max. 2 

see note 2 

~ 1) 

Useful scan, horizontal min. 102 mm 

vertical min. 102 mm 

LIMITING VALUES 

max . 6000 V 
Final accelerator voltage VgS~p) min . 1000 V 

First accelerator voltage Vg4 
g2 

max. 2600 V 

Focusing electrode voltage Vg3 max. 1000 V 

Control grid voltage, 

negative -Vgl

min. 1000 

max. 200 

V 

V 

positive Vgl max. 0 V 

positive peak V'g1 max. 2 V 
P 

Cathode to heater voltage, 

cathode positive V+k/f- max. 200 V 

cathode negative V _k/f+ max. 125 V 

Voltage between 
and any deflection plate Vg4/x max. 500 V 

Vg4/y 
max. 500 V 

Cathode current I
keff 

max. mA 

Screen dissipation Wp max. 3 W/cm2

Ratio Vg5(Q)/Vg4 
g2 VgS~''p)/Vg4 g2 

max. 2.3 

7Z2 6002 
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D.13-34 

CIRCUIT DESIGN VALUES 

Focusing voltage Vg3 200 to 345 V per kV of Vg4' 
g2 

Control grid voltage for visual 
extinction of focused spot -Vgl 22.5 to 37.5 V per kV of Vg4, 

g2 
Deflection factor at Vg5(Q)/Vg4 = 2 

horizontal Mx 10.6 to 13.1 V/cm per kV of V
g4, g2 

vertical My 7.9 to 9.8 V/cm per kV of V
g4> g2 

Control grid circuit resistance Mgl max. 1.5 MS2 

Deflection plate circuit resistance Rx, Ry max. 1 MS2 

Focusing electrode current Ig3 -15 to +15 µA 3) 

1) The sensitivity at a deflection of less than 75°/-0 of the useful scan will not dif-
fer from the sensitivity at a deflection of 25~ of the useful scan by more than 

the indicated value . 

2) A graticule, consisting of concentric rectangles of 81.6 mm x 81.6 mm and 

78.4 mm x 78.4 mm is aligned with the electrical x axis of the tube . The edges 

of a raster will fall between these rectangles with optimum correction poten-

tials applied. 

3) Values to be taken into account for the calculation of the focus potentiometer 
7Z2 6003 
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D.16-22 

INSTRUMENT CATHODE-RAY TUBE 

Rectangular cathode-ray tube for radar or oscilloscope applications. 

QUICK REFERENCE DATA 

Final accelerator voltage Vg4Ce) 5000 kV 

Display area 37 x 140 mm 

Deflection factor, horizontal MX 52.6 V/cm 

vertical My 47.6 V/cm 

SCREEN 

colour persistence 

DB 16-22 

DG16-22 

DP 16-22 

blue 

yellowish green 

yellowish green 

medium short 

medium 

long 

Useful scan, horizontal 

vertical 

min. 140 mm 

min. 37 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

Vf 6.3 V 

I f 300 mA 

7Z2 6093 
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D.16-22 

MECHANICAL DATA 

156±2 

Dimensions in mm 

2 

y2

g4 
g2 

~zo<as3 

kf f 

g4 x2 
y2/n n X1 

A, y1
ma 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base 

Dimensions and connections 

Overall length 

Accessories 

Socket 

Mu -metal shield 

Diheptal 14 pins 

max. 430 mm 

type 5914/20 

type 55559 

7Z2 6094 

v 
~~v 

~, ro
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D.16-22 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl 

yl to all other elements except Y2 

Y2 to all other elements except yl 

xl to x2 

Yl to Y2 

Control grid to all other elements 

FOCUSING electrostatic 

Cxl(x2) max. 16 pF 

Cx2(xl) max. 16 pF 

Cyl(y2) max. 20 pF 

Cy2(yl) max. 20 pF 

Cxlx2 
3 pF 

Cyly2 
3 pF 

Cgl max. 10 pF 

DEFLECTION double electrostatic 

x plates symmetrical; asymmetric 

y plates symmetrical/asymmetric 

Angle between x and y traces 90 ± 2°

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 

Focusing electrode voltage 

First accelerator voltage 

Control grid voltage for visual extinction 

Vg4(p) 5000 V 

Vg3 600 to 700 V 

Vg2 1800 V 

of focused spot Vgl 25 to 70 V 

Deflection factor, horizontal Mx 52.6 V/cm 

vertical My 47.6 V/cm 

Useful scan, horizontal min. 140 mm 

vertical min. 37 mm 

7Z2 6095 



D.16-22 

LIMITING VALUES 

Final accelerator voltage Vg4~¢) max. 6000 V 

Focusing electrode voltage Vg3 max. 1100 V 

First accelerator voltage Vg2 max. 2500 V 

Control grid voltage, 

negative -Vgl max. 150 V 

positive Vgl max. 0 V 

positive peak Vglp max. 2 V 

Cathode to heater voltage, 

cathode positive V+k/f- max. 150 V 

cathode negative V _~ f+ max. 125 V 

Voltage between 
and any deflection plate Vg4/x max . 500 V 

Vg'4/Y max. 500 V 

Average cathode current Ik max. 300 µA 

7Z2 6096 
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D.M 10-93 

INSTRUMENT CATHODE-RAY TUBE 

The DHM10-93 is 10 cm flat faced dual trace oscilloscope tube. The tube fea-
tures two independent vertical deflection systems and a common x deflection. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Display area (each scan) 

Deflection factor, horizontal 

vertical 

Vg5(p) 3000 kV 

vertical 70 mm 
horizontal full scan 

Mx

each system My

27 V/cm 

27 V/cm 

SCREEN 

colour persistence 

DHM10 -93 green medium short 

Useful screen diameter 

Useful scan at Vg5(:Q)/Vg4 = 2 

horizontal 

vertical 

min. 90 mm 

full scan 

min. 70 mm 

For each vertical deflection system the useful scan is min. 70 mm. The two 
scans overlap each other max. 50 mm. 

HEATING 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage V f 6.3 V 

Heater current If 550 mA 

7Z2 6088 
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D.M10-93 

MECHANICAL DATA Dimensions in mm 

~j~ 

x2 ~ ~~ x1 
Y1 

Y2 ri .9n~y;,,;o
x2~f/ 

x) 
ic. 

max14 
0 
E 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Special all glass 12 pin 

Dimensions and connections 

Overall length max. 393 mm 

Face diameter max. 108 mm 

Net weight approx. 650 g 

Accessories 

Socket type 55562 

Final accelerator contact connector type 55563 

Side contact connector type 55561 

Mu-metal shield type 55542 7Z2 6089 



D.M10-93 

CAPACITANCES 

xl to all other elements except x2 

x2 to all other elements except xl 

yl to all other elements except Y2 

y2 to all other elements except yl 

xl to x2 

yl to Y2 

Control grid to all other elements 

Cathode to all other elements 

FOCUSING electrostatic 

DEFLECTION double electrostatic 

x plates symmetrical 

y plate pairs asymmetrical 

Cxl(x2) 3.2 pF 

Cx2(xl) 3.2 pF 

Cyl(y2) 3.3 pF 

CY2(yl) 3.3 pF 

Cxlx2 max. 2 pF 

CYly2 
max. 0.1 pF 

Cgl 5.0 pF 

Ck 4.2 pF 

yl  and Y2 are separated by a beam dividing plate, interconnected to g4 

Angle between x and y traces 90 ± 1.50

LINE WIDTH 

Measured with the shrinking raster method in the centre of the screen. 

Final accelerator voltage Vg5(k) 3000 V 

Second accelerator electrode voltage Vg4 1500 V 

First accelerator voltage Vg2 1500 V 

Beam current adjusted for 0.08 cd light output 

Line width l.w. 0.3 mm 

7Z2 6090 
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D. M 10-93 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg5(.Q) 3000 V 

Beam trapping voltage Vg4 _x2 170 to 290 V 1) 

Second accelerator electrode voltage Vg4 1500 V 

Focusing electrode voltage Vg3 320 to 420 V 

First accelerator voltage Vg2 1500 V 

Control grid voltage for visual 
extinction of focused spot -Vgl 40 to 95 V 

Deflection factor, horizontal Mx 27 V/cm 

vertical Both systems My 27 V/cm 

Geometry distortion 

Useful scan, horizontal 

max. 2.5 

full scan 

°~0 2) 

vertical 

vertical overlap 

min. 70 mm 

max. 50 mm 

1) Beam trapping voltage. In order to obviate the necessity for pulsing the grid 
when displaying pulse or single stroke phenomena apositive voltage of suitable 
magnitude may be applied to the x2 plate, by which the beam is contained on 
that plate and~a state of minimum brilliance exists. 

2) The length of the edges of a raster pattern whose mean dimensions are less 
than 65 ~ of the useful scan will not deviate by more than 2.5 ~ from these 
mean dimensions provided Vg~Vg4 max. 2. 7Z2 6091 

, i 



D.M10-93 

LIMITING VALUES 

max . 8000 V 
Final accelerator voltage Vg5(R) 

min. 1000 V 

max. 4000 V 
Second accelerator voltage 

Vg4 min. 600 V 

Focusing electrode voltage VR3 
max. 1200 V 

max. 1700 V 
First accelerator voltage Vg2 min. 600 V 

Control grid voltage 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

positive peak Vglp max. 2 V 

Cathode to heater voltage 

cathode positive V+k/f- max. 200 V 

cathode negative V _~f+ max. 125 V 

Voltage between accelerator 
and any deflection plate Vg~x max. 500 V 

Vg~ y max. 500 V 

Screen dissipation W~ max. 3 mW/cm2

Ratio Vg5(~)/Vg4 Vg5(p)/Vg4 max. 2 

7Z2 6092 

i. 





PART 3 

RADAR CATHODE-RAY TUBES 



PREFERRED TYPES 

RADAR CATHODE -RAY TUBES 

S
cr

ee
n

 d
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m
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16 cm (6") F16-TOLD electrostatic 

21 cm (8") F21-IOLD electrostatic ~°° .~ 

31 cm (12") F31-lOLC electrostatic ~ U 
O 

41 cm (16") F41-lOLC 
F41-11LC 

electrostatic ~' 
magnetic 

Valid until 31 December 1966 7Z2 6192 



F16.10.. 

RADAR CATHODE-RAY TUBE 

The F16-IOLD is a 16 cm diameter radar tube with metal backed long persist-
ence screen. The tube is primarily intended for use in transistorized small boat 
radar. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Deflection angle 

Focusing 

Cathode drive (from spot cut-off) 

14 kV 

37 ° 

low voltage electrostatic 

25 V 

SCREEN 

Metal backed 

Colour 

Persistence 

Useful screen diameter 

orange 

long 

135 mm 

HEATING 

Indirect by A.C. or D.C.; pazallel or series supply 

Heater voltage Vf = 6.3 V 

Heater current If = 300 mA 

CAPACITANCES 

Control grid to all other elements 
Cgl 

< 10 pF 

Cathode to all other elements Ck < 6 pF 

Final accelerator to external 
conductive coating Cg3, g5~m 750 pF 

7Z2 5851 

TENTATIVE DATA 



F16-10.. 

MECHANICAL DATA 

93, 9s 

9~ 

~~ ; m 

f f 

94 
92 

k 

160*.3 
min 1.351

41 — 

m1n27.9

7203/3 I[,~

Dimensions in mm 

mox2~5  —2~ 

n 

C 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base: B8H 

1) Useful screen diameter 

2) Any irregularities are kept within these limits 

3) CT8 cavity cap 
4) 29.5 mm diameter reference line 
5) Centre of deflection 7Z2 5852 
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f 16-10.. 

MECHANICAL DATA (continued) 

Dimensions and connections . 

Overall length 

Face diameter 

Net weight: 

Accessories 

Final accelerator contact connector 

ECCENTRICITY 

max. 381 mm 

max. 163 mm 

approx. 1.2 kg 

type 55563 

The projected neck axis passes within 3.5 mm of the geometric centre of the 
tube face. Neck eccentricity with respect to the geometric centre of the tube 
face does not exceed 4 mm at the deflection centre and at 100 mm from the ref-
erence line. 

REFERENCE LINE GAUGE 

~~ 

'min39.5 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating-m- and the capacitance of this to 
the final accelerator may be used to provide smoothing for the e.h.t. supply. 

FOCUSING low voltage electrostatic 

DEFLECTION double magnetic 

deflection angle 37° 

7Z2 5853 
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F16-10.. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of per-
sonalinjury arising from prolonged exposure at close range to this tube when 
operated above 16 kV. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 
Vg3~g5(p) 14 kV 

Focusing electrode voltage Vg4 0 to 400 V 

Grid No.2 voltage Vg2 500 V 

Cathode voltage for visual extinction 
of a focused spot 1) Vk 25 to 40 V 

Grid No.l voltage for visual 
extinction of the focused spot 2) -Vgl 27 to 44 V 

BRIGHTNESS 

Brightness 250 Nits 

Measured with 25 V cathode drive on a 12 x 12 cm raster. 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Final accelerator voltage 

Focusing electrode voltage 

Grid No.2 voltage 

Control grid voltage, 

negative 

positive 

Focusing electrode current 

Grid No.2 current 

Vg3~g5(I) 

Vg4 

Vg2 

-Vgl

Vgl 

Igo 

Ig2 

max. 18 kV 
min. 10 kV 

max. 1000 V 
min. -500 V 

max. 600 V 
min. 300 V 

max. 150 V 

max. 0 V 

max. +15 to -15 µA 

max. +15 to -15 µA 

1) For cathode modulation all voltages measured with respect to grid No.l 
2) For grid modulation all voltages measured with respect to cathode 

7Z2 5854  i 



f 16-10.. 

LIMITING VALUES (continued) 

Cathode to heater voltage, 

cathode positive V+k/f- max. 200 V 

V+k/f-p max. 300 V 

cathode negative 
V -k/f+ 
V-k/f+p 

max. 125 
max. 250 

V 
V 

Resistance between heater and cathode Rkf max. 1 MS2 

Resistance between cathode and earth R k max. 1.5 MSZ 

Impedance between heater and cathode 
(f = 50 Hz ) Zkf max. 100 kS2 

Impedance between cathode and earth 
(f = 50 Hz ) Zk max. 500 kSl 

722 6278 
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f 16-10.. 

7203821-6.py.12.4 
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F16-10.. 
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F21-IO.. 

RADAR CATHODE-RAY TUBE 

The F21-TOLD is a 21 cm diameter radar tube with metal-backed long persist-

ence screen. The tube is particularly suitable for medium range radar receivers 
with transistor display units. 

QUICK REFERENCE DATA 

Final accelerator voltage 14 kV 

Deflection angle 41 0 

Focusing low voltage electrostatic 

Cathode drive (from spot cut-off) 30 V 

SCREEN 

Metal backed 

Colour orange 

Persistence long 

Useful screen diameter 197 mm 

HEATING 

Indirect by A . C . or D . C . ; parallel or series supply 

Heater voltage Vf = 6.3 V 

Heater current If = 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl < 10 pF 

Cathode to all other elements Ck < 6 pF 

Final accelerator to external 

conductive coating Cg3~ g5~m 1250 pF 

7Z2 5855 

TENTATIVE DATA ~ , 



`~ F21-i0.. 

MECHANICAL DATA 

93,9s 
g~, 

~~,_ 

Neck axis makes an angle of less than 2.5o with the perpendicular to the tangent 

at centre of face and passes within 3.5 mm of centre of face. 

~~ m 
i 

f f 

94 
92 

k 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

1) Useful screen diameter 

2) CT8 cavity cap 
3) 70 mm diameter ring gauge position 
4) 36 mm diameter reference line. Reference line gauge 36.0 mm inner dia-

meter, 100 mm long 
5) Centre of deflection 7Z2 5856 

2 



F21-10.. 

MECHANICAL DATA (continued) 

Base: B8H 

Dimensions in mm 

Dimensions and connections 

Overall length max . 460 mm 

Face diameter max. 216.5 mm 

Net weight: approx. 2.6 kg 

Accessories 

type 55563 Final accelerator contact connector 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating-m - and the capacitance of this to 
the final accelerator may be usecl to provide smoothing for the e.h.t. supply. 

FOCUSING Iow voltage electrostatic 

DEFLECTION 

WARNING 

double magnetic 

deflection angle 41° 

X-ray shielding is advisable to give protection against possible danger of per-
sonal injury arising from prolonged exposure at close range to this tube when 
operated above 16 kV. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3 g5(P) 14 kV 

Focusing electrode voltage Vg4 0 to 400 V 

Grid No.2 voltage Vg2 600 V 

Cathode voltage for visual extinction 
of a focused spot 1) Vg 30 to 45 V 

1) For cathode modulation all voltages measured with respect to grid No.l 

7Z2 5857 



f21-10.. 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Final accelerator voltage V 
g3° g5(.Q) 

max. 
min. 

18 
10 

kV 
kV 

max . 1000 V 
Focusing electrode voltage 

Vg4 min. -500 V 

max . 800 V 
Grid No.2 voltage 

V$2 min. 400 V 

Control grid voltage, 

negative _ Vgl max. 150 V 

positive Vgl 
max . 0 V 

Focusing electrode current Igo max. +15 to -15 µA 

Grid No.2 current 
Ig2 

max. +15 to -15 µA 

Cathode to heater voltage 

cathode positive 
V+k/f- 
V+k/f-p

max. 
max. 

200 
300 

V 
V 

cathode negative V-k/f+ 
V-k/f+p 

max. 
max. 

125 
250 

V 
V. 

Resistance between heater and cathode Rkf max. 1 MS2 

Resistance between cathode and earth R k max. 1.5 MS2 

Impedance between heater and cathode 
(f = 50 Hz) Z kf max. 100 kS2 

Impedance between cathode and earth 
(f = 50 Hz) Zk max. 500 kS2 

7Z2 5858 

4 



F31-10.. 

RADAR CATHODE-RAY TUBE 

The F31-lOLC is a 31 cm diameter radar tube with metal-backed very long per-
sistence screen. The tube is particularly suitable for radar receivers with 

transistor display units. 

QUICH REFERENCE DATA 

Final accelerator voltage 16 kV 

Deflection angle 40 

Focusing low voltage electrostatic 

Cathode drive (from spot cut -ofd 30 V 

SCREEN 

Metal backed 

Colour orange 

Persistence very long 

Useful screen diameter 265 mm 

i 

1 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage 

Heater current 

CAPACITANCES 

Control grid to all other elements 

Cathode to all other elements 

Final accelerator to external conductive coating 

Vf = 6.3 V 

If = 300 mA 

Cgl < 10 pF 

Ck < 6 ~F 

Cg3 g~m 2200 pF 

7Z2 5859 

TENTATIVE DATA 



F31-10.. 

MECHANICAL DATA 

94 

O 
9i 

3p 
z~ a ~ 1 

6 
is 

,t 

l 
~ 

1;93.95 

r~sol 150
 ~

~ 7Z 01513 
~\ 

93.95 

9~ 

~ ~~ 

f f 

94 
9z 

k 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base: B8H 

1) Useful screen diameter 
2) CT8 cavity connector 
3) Point at which 36 mm diameter ring gauge is stopped 
4) Effective centre of deflection 7Z2 5860 



F31-10.. 

MECHANICAL DATA (continued) 

Dimensions and connections 

Overall length max. 572 mm 

Face diameter max. 307 mm 

Net weight: approx. 6.2 kg 

Accessories 

Final accelerator contact connector type 55563 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating-m- and the capacitance of this to 
the final accelerator may be used to provide smoothing for the e.h.t. supply. 

FOCUSING low voltage electrostatic 

DEFLECTION 

WARNING 

double magnetic 

deflection angle 40 ° 

X-ray shielding is advisable to give protection against possible danger of per-
sonal injury arising from prolonged exposure at close range to this tube when 
operated above 16 kV . 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3 g5(R) 16 kV 

Focusing electrode voltage Vg4 approx. 200 V 

Grid No.2 voltage Vg2 500 V 

Cathode voltage for visual extinction 
of a focused spot 1) Vk 50 to 80 V 

1) For cathode modulation all voltages measured with respect to grid No. 1. 
7Z2 5861 



F31-10.. 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Final accelerator voltage V (p) 
g3°g5 

max. 
min. 

18 
12 

kV 
kV 

max. 700 V 
Focusing electrode voltage 

Vg4 min. -700 V 

max. 700 V 
Grid No.2 voltage 

Vg2 min. 300 V 

Control grid voltage, 

negative -Vgl max. 150 V 

positive Vgl max. 0 V 

Focusing electrode current Igo max. +25 to -25 µA 

Grid No.2 current Ig2 max. +15 to -15 µA 

Cathode to heater voltage, 
cathode positive 

cathode negative 

V+k/f- 
V.+.k/f_p

V-k/f+ 
V _k/f~ 

max. 
max. 

max. 
max. 

200 
300 

125 
250 

V 
V 

V 
V 

Resistance between heater and cathode R~ max. 1 MS2 

Resistance between cathode and earth Rk max. 1. 5 MS2 

Impedance between heater and cathode 
(f = 50 Hz) Z ~ max . 100 kS2 

Impedance between cathode and earth 
(f = 50 Hz) Zk max. 500 kS2 

7Z2 5862 

4 



f41-10.. 

RADAR CATHODE-RAY TUBE 

The F41-lOLC is a 41 cm diameter radar tube with metal backed, very long 
persistence screen. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Deflection angle 

Focusing 

16 kV 

50 ° 

low voltage electrostatic 

SCREEN 

Metal backed 

Colour 

Persistence 

Useful screen diameter 

orange 

very long 

368 mm 

HEATING : 

Indirect by A.C. or D.C.; parallel or series supply 

Heater voltage Vf = 6.3 V 

Heater current If = 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl < 10 pF 

Cathode to all other elements Ck < 6 pF 

Final accelerator to external 
conductive coating Cg3 g5~m 1500 pF 

7Z2 5863 



F41-10.. 

MECHANICAL DATA Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base: B12A 

1) Reference line. Point at which 36 mm diameter ring gauge is stopped. 

2) Effective centre of deflection. 7Z2 5864 



F41-10.. 

MECHANICAL DATA (continued) 

Dimensions and connections 

Overall length 

Face diameter 

Net weight:' 

Accessories 

Final accelerator contact connector 

EXTERNAL CONDUCTIVE COATING 

max. 610 mm 

max. 410 mm 

approx. 11.3 kg 

type 55563 

This tube has an external conductive coating-m- and the capacitance of this to 

the final accelerator may be used to provide smoothing for the e.h.t. supply. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of per-
sonal injury arising from prolonged exposure at close range to this tube when 
operated above 16 kV. 

FOCUSING low voltage electrostatic 

DEFLECTION double magnetic 

deflection angle 50°

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3~g5(~) 16 kV 

Focusing electrode voltage Vg4 approx. 300 V 

Grid No.2 voltage Vg2 500 V 

Grid No.l voltage for visual extinction 

of a focused spot Vgl —50 to —80 V 

7Z2 5865 



F41-10.. 

LIMITING VALUES (Absolute 'max. rating system) 

Measured with respect to cathode 

Final accelerator voltage V p g3 ~ g5( ) 
max. 
min. 

18 
12 

kV 
kV 

max. 700 V 
Focusing electrode voltage 

Vg4 min. -700 V 

Grid No.2 voltage V 
g2 

max. 
min. 

700 
300 

V 
V 

Control grid voltage, 

negative -Vgl max. 150 V 

positive Vgl max. 0 V 

Focusing electrode current Igo max. +25 to -25 µA 

Grid No.2 current Ig.2 max. +15 to -15 µA 

Cathode to heater voltage, 

cathode positive V+k/f- max. 200 V 

V+k/f-p max. 300 V 

cathode negative V-k/f+ 
V _k/f+p

max. 
max. 

125 
250 

V 
V 

Resistance between heater and cathode R~ max. 1 MSZ 

Resistance between cathode and earth Rk max. 1.5 MSl 

Impedance between heater and cathode 
(f = 50 Hz) Z~ max. 100 kSZ 

Impedance between cathode and earth 
(f = 50 Hz) Zk max. 500 1dZ 

7Z2 5866 

4 



f41-11.. 

RADAR CATHODE-RAY TUBE 

The F41-11 LC is a 41 cm diameter radar tube with metal backed very long 

persistence screen. 

QUICK REFERENCE DATA 

Final accelerator voltage 25 kV 

Deflection angle 50 

Focusing magnetic 

Cathode drive (from spot cut-off) 40 V 

SCREEN 

Metal backed 

Colour orange 

Persistence very long 

Useful screen diameter 368 mm 

HEATING 

Indirect by A.C. or D.C.; parallel or series supply 

Heater voltage Vf = 6.3 V 

Heater current If = 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl < 6 pF 

Cathode to all other elements Ck < 4.5 pF 

Final accelerator to external 

conductive coating 

C83~m 2000 pF 

7Z2 5867 



f41-11.. 

MECHANICAL DATA 

92
g1 
k 

\`1

Dimensions in mm 

— 3 
_spark 
trap 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base: B12A 

Dimensions and connections 

Overall length 

Face diameter 

max. 610 mm 

max. 410 mm 

1) Reference line. Point a[ which 36 mm diameter ring gauge is stopped. 

2) Effective distance from the deflection centre to the reference line. 
7Z2 5868 



f41-11.. 

MECHANICAL DATA (continued) Dimensions in mm 

Net weight: approx. 11.3 kg 

Accessories 

Final accelerator contact connector type 55563 

Focusing magnet type 55567 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating-m- and the capacitance of this to 
the final accelerator may be used to provide smoothing for the e.h.t. supply. 

FOCUSING 

DEFLECTION 

WARNING 

magnetic 

double magnetic 

deflection angle 50°

X-ray shielding is advisable to give protection against possible danger of per-
sonal injury arising from prolonged exposure at close range [o this tube when 
operated above 16 kV. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 
Vg3(p ) 

25 kV 

Grid No.2 voltage 
Vg2 

120 to 300 V 

Cathode voltage for visual extinction 
of a focused raster 1) Vk 40 V 

1) For cathode modulation all voltages measured with respect to grid No.l 

7Z2 5869 

3 



f41-11.. 

LIMTI'ING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Final accelerator voltage Vg3(p) max. 27 kV 

Grid No.2 voltage Vg2 max. 400 V 

Control grid voltage 

negative -Vgl max. 150 V 

positive Vgl max. 0 V 

Grid No.2 current Ig2 max. +15 to -15 µA 

Cathode to heater voltage, 
V+k/f- max. 200 V 

cathode positive V +k/f -p max. 300 V 

V-k/f+ max. 125 V 
cathode negative 

V-k/f+p max. 250 V 

Resistance between heater and cathode Rkf max. 1 MS2 

Resistance between cathode and earth R k max. 1.5 MS2 

Impedance between heater and cathode 
(f = 50 Hz) Zkf max. 100 kSZ 

Impedance between cathode and earth 
(f = 50 Hz) Zk max. 500 kSl 

7Z2 5870 

4 



A.13-36 

RADAR CATHODE-RAY TUBE 

The AL13-36 is a 16 cm diameter radar tube with metal backed long persistence 
screen. The tube is suitable for small boat radar. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Deflection angle 

Focusing 

12 kV 

53 

Low voltage electrostatic 

SCREEN 

Metal backed 

Colour 

Persistence 

Useful screen diameter 

orange 

Long 

108 mm 

HEATING 

Indirect by A . C . or D. C . ; parallel or series supply 

Heater voltage Vf = 6.3 V 

Heater current If = 300 mA 

CAPACITANCES 

Control grid to all other elements Cg1 < 8 pF 

Cathode to all other elements Ck < 8 pF 

7Z2 5871 



A.13-36 

MECHANICAL DATA 

f110 °

Mounting position: any, except vertical with the screen downwards and the axis 
of the tube making an angle of less than 20o with the vertical. 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Dimensions in mm 

Base: B12A 

Dimensions and connections 

Overall length max . 308 mm 

Face diameter max. 127 mm 

Net weight: approx. 0.5 kg 

Accessories 

Final accelerator contact connector type 55560 

1) Reference line, determined by the point at which a ring gauge of 36 mmdia-
meter is stopped. 

2) Effective centre of deflection. 
3) CT7 Recessed ball contact. 7Z2 5872 

2 



A.13-36 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating -m- and the capacitance of this to 

the final accelerator may be used to provide smoothing for the e.h.t. supply. 

FOCUSING Low voltage electrostatic 

DEFLECTION double magnetic 

deflection angle 53° 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3 
g5(~) 

12 kV 

Focusing electrode voltage Vg4 -200 to +200 V 1) 

Grid No.2 voltage Vg2 300 V 

Grid No.l voltage for visual extinction 
of a focused spot Vgl -30 to -70 V 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

max. 14 kV 
Final accelerator voltage Vg3~ g5(Q) min. 8 

max . 500 

kV 

V 
Focusing electrode voltage V

g4 min. -500 

max . 500 

V 

V 
Grid No.2 voltage V

g2 min. 200 V 

Control grid voltage, 

negative -Vgl max. 150 V 

positive Vgl max. 0 V 

Focusing electrode current Igo max. +15 to -15 µA 

Grid No.2 current Ig2 max. +15 to -15 µA 

1) With the small change in focus spotsize with variations of focus voltage the 
limit of -200 to+200 is such that an acceptable focus quality is obtained within 

this range. If it is required to pass through the point of focus a voltage of 
at least -300 V to +300 V will be required. 7Z2 5873 

3 



A.13-36 

LIMITING VALUES (Absolute max. rating system) (continued) 

Cathode to heater voltage, 

cathode positive 
V+k/f-
V+k/f-p 

cathode negative V-k/f+ 
V -k/f+p 

Resistance between heater and cathode Rkf 

Resistance between cathode and earth Rk 

Impedance between heater and cathode 
(f = 50 Hz) 

Impedance between cathode and earth 
(f = 50 Hz) 

Z kf 

Z k

max . 200 V 
max . 300 V 

max. 125 V 
max . 250 V 

max . 1 MS2 

max . 1.5 MSl 

max . 100 kSl 

max . 500 kSl 

7Z2 5874 

4 
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A.22-10 

RADAR CATHODE-RAY TUBE 

The AL22-10 is a22 cm diameter radar tube with metal-backed long persistence 
screen. The tube is designed for medium range radar receivers. 

QUICK REFERENCE DATA 

Final accelerator voltage 12 kV 

Deflection angle 58 

Focusing low voltage electrostatic 

1 

SCREEN 

Metal backed 

Colour orange 

Persistence long 

Useful screen diameter 200 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage 

Heater current 

CAPACITANCES 

Control grid to all other elements 

Cathode to all other elements 

Final accelerator to external conductive coating 

Vf = 6.3 V 

If = 300 mA 

Cgl 
Ck 

Cg3, g5/ m

< 8 pF 

< 8 pF 

700 pF 

7Z2 5875 

1 



A.22-10 

MECHANICAL DATA 

1~ 

kf f 

Dimensions in mm 

Mounting position: any, except vertical with the screen downwards and the axis 
of the tube making an angle of less than 20o with the vertical. 
The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base B12A 

i) Reference line. Point at which 36 mm diameter ring gauge is stopped 
2) Effective centre of deflection 
3) CT8 cavity connector 7Z2 5876 



A.22-10 

MECHANICAL DATA (continued) 

Dimensions and connections 

Overall length max. 408 mm 

Face diameter max. 230 mm 

Net weight: approx. 2.8 kg 

Accessories 

type 55563 Final accelerator contact connector 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating-m- and the capacitance of this to 

the final accelerator may be used to provide smoothing for the e. h. t. supply. 

FOCUSING low voltage electrostatic 

DEFLECTION double magnetic 

deflection angle 58 ° 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3, g5(.~) 12 kV 

Focusing electrode voltage Vg -200 to +200 V 1) 

Grid No.2 voltage Vg'2 
300 V 

Grid No. 1 voltage for visual extinction 
of a focused spot 

Vgl 
-30 to -70 V 

1) With the small change in focus spotsize with variations of focus voltage the 
limit of -200 to+200 is such that an acceptable focus quality is obtained within 
this range. If it is required to pass through the point of focus a voltage of at 
least -300 V to +300 V will be required. 7Z2 5877 



A.22-10 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

max. 14 kV 
Final accelerator voltage Vg3,g5(p) min. 8 kV 

Focusing electrode voltage V 
max. 500 V 

g4 min. -500 V 

max. 500 , V 
Grid No.2 voltage Vg2 min. 200 V 

Control grid voltage, 

negative -Vgl max. 150 V 

positive Vgl max. 0 V 

Focusing electrode current Ig max. +15 to -15 µA 

Grid No.2 current Ig2 max. +15 to -15 µA 

Cathode to heater voltage, 
cathode positive 

cathode negative 

Resistance between heater and cathode 

Resistance between cathode and earth 

Impedance between heater and cathode 
(f = 50 Hz) 

Impedance between cathode and earth 
(f = 50 Hz) 

V+k/f- max. 200 V 
V~f_ p max. 300 V 

V-k/f+ max. 125 V 
V_Wf+ max. 250 V 

R~ max. 1 MS2 

Rk max . 1.5 MS2 

Z kf max . 100 kSt 

Zk max. 500 kSZ 

7Z2 5878 

4 
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A.31-10 

RADAR CATHODE-RAY TUBE 

TheAL31-10 is a31 cm diameter radar tube with long persistence screen, and 
low voltage electrostatic focusing lens. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Deflection angle 

Focusing 

12 kV 

~o 

low voltage electrostatic 

SCREEN 

Metal backed 

Colour orange 

Persistence long 

Useful screen diameter 265 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl max. 8 pF 

Cathode to all other elements Ck max. 8 pF 

Final accelerator to external conductive coating Cg3 g~m 1200 pF 

7Z2 6379 

l 



A.31-10 

MECHANICAL DATA 

Ring gauge 
(mm} 

Distonce from centre 
of screen (mm) 

230 150 t 9 
1A0 191 tB 
130 222 f 7 
d0 249 t6 
36.1 2T2 t3.5 

305±2.5
265 

min34 

Dimensions in mm 

~zaaas 

Mounting position: any, except vertical with the screen downwards and the axis 
of the tube making an angle of less than 20o with the vertical. 
The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base 

Dimensions and connections 

Overall length 

Face diameter 

Duodecal 7 p 

max. 485 mm 

max. 307 mm 

1) Reference line, determined by the point at which a ring gauge of 36 mm dia-
meter is stopped 

2) Distance from reference line to effective centre of deflection 
3) Cavity contact CT8 
`~ Approx. limits of aquadag coating 7Z2 6380 



A.31-10 

MECHANICAL DATA (continued) 

Accessories 

Socket type 5912/20 

Final accelerator contact connector type 55563 

FOCUSING low voltage electrostatic 

DEFLECTION double magnetic 

deflection angle 50° 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3 • g5(p)
12 kV 

Focusing electrode voltage Vg4 
-200 to +200 V 1) 

Grid No.2 voltage 
Vg2 

300 V 

Negative grid No.l voltage for 
visual extinction of a focused spot -Vgl 30 to 70 V 

1) With the small change in focus spot size with variation of focus voltage the 
limit of -200 to +200 V is such that an acceptable focus quality is obtained 
within the range. If it is required to pass through the point of focus a voltage 
of at least -300 to t300 V will be required. 7Z2 6381 

z 



A.31-10 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Final accelerator voltage Vg3,g5(R) 
max. 
min. 

14 
8 

kV 
kV 

max. 500 V 
Focusing electrode voltage 

Vg4 min. -500 V 

Grid No.2 voltage 
Vg2 

max. 
min. 

500 
200 

Control grid voltage, 
max. 200 V 

negative -Vgl
min 1 V 

Focusing electrode current Igo max. -15 to +15 µA 

Cathode to heater voltage, 

cathode positive V+~f_ max. 150 V 

cathode negative V_~f~. max. 150 V 

Resistance between heater and cathode R~ max. 1 MS2 

Resistance between grid and earth Rgl max. 1. 5 MS2 

Impedance between cathode and earth 
(f = 50 Hz) Z k max. 100 kSl 

7Z2 6382 
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M.13-1 

RADAR CATHODE-RAY TUBE 

The MF13-1 is a 13 cm diameter radar tube with very long persistence screen. 
The tube is primarily intended for use in p.p.i. applications. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Deflection angle 

Focusing 

7 kV 

53° 

magnetic 

SCREEN 

Metal backed 

Colour orange 

Persistence very long 

Useful screen diameter 108 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage 

Heater current 

Vf 6.3 V 

If 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl max. 10 pF 

Cathode to all other elements Ck max. 10 pF 

7Z 2 6383 

I I , 



M.13-1 

MECHANICAL DATA 

9 

Dimensions in mm 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Octal 

Dimensions and connections 

Overall length max. 287 mm 

Face diameter 

Net weight 

max. 127 mm 

kg 

Accessories 

Final accelerator contact connector type 55560 

1) Reference line determined by the point at which a ring gauge of 36 mm dia-
meter is stopped. 

2) Distance from reference line to effective centre of deflection. 
3) Recommended distance from reference line to centre of magnetic lengths 

of focus unit, 
4) Kecessed ball contact CT7. 7Z2 6384 

2 



M.13-1 

FOCUSING magnetic 

DEFLECTION double magnetic 

deflection angle 53°

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 

Grid No.2 voltage 

Negative control grid voltage for visua~ 
extinction of a focused spot 

Recommended distance from reference 
line to centre of magnetic length of 
focus unit 

Vg3(Q) 

Vg2

-Vgl

7 

250 

28 to 63 

73 

kV 

V 

V 

mm 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Final accelerator voltage Vg3(P) 
max. 
min. 

11 
5.5 

kV 
kV 

max. 500 V 
Grid No.2 voltage 

Vg2 min. 200 V 

Control grid voltage, 
max. 200 V 

negative -Vgl
min. 1 V 

Cathode current Ik max. 150 µA 

Cathode to heater voltage, 

cathode positive ~1+1c/f_ max. 150 V 

cathode negative V _k/f+ max. 150 V 

Resistance between heater and cathode R~ max. 1 MS2 

Resistance between grid and earth Rgl max. 1.5 MSZ 

7Z2 6385 

3 



M.13-1 

7204452-1.R6.oc-a 

■■■■■■■■■■■■■■■■■■■■■■■■■■~i■■■■~l■■■■~■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■11■■■ ■I I■■■ ■~ i■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■11■■■■11■■■ ■11■■■ 

~ Vo =55 —11kV iiiiiiiiiiiiiiiiiiiii iiiiiiiiii ■■■■■■■■■■■■■■■■■■■■■■■■■■~■■■■~■■■■u■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■t■■■■~■■■■■~■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■r■■■■~i■■■■/■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■~~■■■■iu■■■~■■■■ ■■■■■■■■■■■■■■■■■■■■■■■ ~l■■■■iu■■■~~■■■■ ■■■■■■■■■■■■■■■■■■■■■■■ ~ u■■~iu■■■n■■■■ ■■■■■■■■■■■■■■■■■■■■■■■~~I■■ r■■~ u■■■ 

■■■■■■■■■■■■■■■■■■■■■■ ■■■■~i■■■■■~■■■■ ■■■■■■■■■■■■■■■■■■■■■■ ■■■■~l■■■■/■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■~i■■■■i1■■■■r■■■■■ ■■■■■■■■■■■■■■■■■■■■■■~■n■■■■~■■■■~■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■i~■■■■~■■■■~l■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■~■■■■■■■■■II■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■/~■■■r■■■■■i1■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■r■■■■~i■■■■■~■■■■/ ■■■■■■■■■■■■■■■■■■■■■■■~i■■■■~u■■■■~■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■lu■■■iw■■■/■■■■■■ 
iiiiiiiiiiiiiiiiiiiiiiiiiiii~iiiiiiiiiiii ■■■■■■■■■■■■■■■■■■■■■■/■■■■/■■■■■n■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■n■■■■~~■■■■■n■■■■■■ 
~~Y~~~~~~~~~~~~~~~~~~I~~~~I~~~~~~I~~~~~~~ 

■■■■■■■■■■■■■■■■■■■■■r.■■■■■~■■■■/■■■■■■■ 
~~~~~~~~~~~~~~~~~~~~~~~~~~I~~~~~11~~~~~~~ ■■■■■■■■■■■■■■■■■■■■/~■■■■1/■■■■■11■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■/1■■■■/~■■■■/~■■■■■■■ 
~~~~~~■~~~~~~~~~~~~~I~~~~~11~~~~~%~~~~~~~~ 
~~~~~~■\~~~~~~~~~~~I~~~~~I~~~~~~~~~~~~~~~ ■■■■■■■■■■■■■■■■■■I•■■■■I■■■■■■~■■■■■■■■ ■■■■■■■■■■■■■■■■■■II■■■■■II■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■'I■■■■■~I■■■■■~i■■■■■■■■■ 
~~~~~~~\~■~~~~~~~11~~~~~1■~~~~~~~~~~~~~~~ ■■■■■■■■■■■■■■■■/~■■■■■rl■■■■■■~■■■■■■■■■ ■■■■■■■■■■■■■■■■r~■■■■■r~■■■■■r■■■■■■■■■■ ■■■■■■■■■■■■■■■■'~■■■■■r■■■■■■r1■■■■■■■■■■ ■■■■■■■■■■■■■■■r,■■■■■■u■■■■■r~■■■■■■■■■■ ■■■■■■■■■■■■■■■~■■■■■r■■■■■■r■■■■■■■■■■■ ■■■■■■■■■■■■■■►.■■■■■■~■■■■■r~■■■■■■■■■■■ ■■■■■■■■■■■■■►■■■■■■►.■■■■■■r,■■■■■■■■■■■■ 
iiiiiiiiiiiaiiiii~iiiiii~iiiiiiiiiiiiii ■■■■■■~.~:~■■~_ss~■w~_~~■■■■■■■■■■■■■■■ 

—80 Vy~ (VJ —60 —40 —20 

300 

to 

lNA) 

250 

200 

150 

100 

50 

00

A 



M.13-1 

7204451-)36 oc-o 

Y///, 
Y// 

%%
1~ =55 —11kV 
_ _ 1im7s of 

cut-off voltage 

500 

Aga 
(V) 

-150 Vg~(V) -100 -50 

400 

300 

200 

100 

00 





M.31-55 

RADAR CATHODE-RAY TUBE 

The MF31-55 is a 31 cm diameter radar tube with very long persistence screen. 
The tube is primarily intended for P.P.I. applications. 

QUICK REFERENCE DATA 

Final accelerator voltage 15 kV 

Deflection angle 47° 

Focusing magneti c 

SCREEN 

Metal backed 

Colour orange 

Persistence very long 

Useful screen diameter min. 265 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage 

Heater current 

Vf 6.3 V 

If 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl max. 8 pF 

Cathode to all other elements Ck max. 8 pF 

7Z2 6386 

1 



M.31-55 

MECHANICAL DATA Dimensions in mm 

305±2.5 

2 

min 265 11 

R~19t2 

51 

u 

Ring gouge (see Yobie) 

Ring gouge 
(mm) 

Distance from centre 
of screen (mm) 

2A0 93110 
230 150 t 9 
180 191 t 8 
130 222 t 7 
80 24916 
36.1 2 72 t 3.5 

mOx 130 

2) 

R_5 

min 34 

3)

~o 

N 

n; 

7Z04444~ 

Mounting position: any 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base 

Dimensions and connections 

Overall length 

Face diameter 

Duodecal 7 pins 

520 mm 

307 mm 

1) Useful screen diameter 
2) Point at which 36.1 diameter ring gauge is stopped 
3) Effective centre of deflection 
4) Centre of magnetic length of focus unit 
5) Reference line 7Z2 6387 

: i 



M.31-55 

FOCUSING magnetic 

DEFLECTION double magnetic 

deflection angle 47° 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 

Grid No.2 voltage 

Negative control grid voltage for 
visual extinction of a focused spot 

Vg3(p) 

Vg2

-Vgl

15 

300 

30 to 90 

kV 

V 

V 

Recommended distance of centre of magnetic 
length of focus unit from reference line 120 mm 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Final accelerator voltage Vg3(p) 
max. 
min. 

15.5 
9 

kV 
kV 

Grid No.2 voltage 
Vg2 

max. 
min. 

600 
250 

V 
V 

Control grid voltage, 

negative -Vgl
max. 
min. 

250 
1 

V 
V 

Cathode current Ik max. 150 µA 

Cathode to heater voltage, 

cathode positive V+k/f- max. 150 V 

cathode negative V-k/f+ max. 150 V 

Resistance between heater and cathode R~ max. 1.5 MS2 

Resistance between cathode and earth Rk max. 1.0 MSZ 

7Z2 6388 

i i~ 
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RADAR CATHODE-RAY TUBE 

The MF41-10 is a 41 cm diameter radar tube with very long persistence screen•. 

The tube is primarily intended for p.p.i. applications. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Deflection angle 

Focusing 

15 kV 

70°

magnetic 

SCREEN 

Metal backed 

Colour orange 

Persistence very long 

Useful screen diameter 373 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl max. 8 pF 

Cathode to all other elements Ck max. 8 pF 

Final accelerator to external 
conductive coating Cag3/m 1400 pF 

7Z2 6389 

I I , 



M.41-10 

MECHANICAL DATA 

1 ~ • I V ~ I g 
f t f~  93 I - ~t-92
~~ g3 

5° 15 

Mounting position; any 

Dimensions in mm 

•~ 

The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Duodecal 5 p 

Dimensions and connections 

Overall length max. 518 mm 

Face diameter max. 409 mm 

1) Reference line. 
Z) Recommended distance from reference line to centre of magnetic length of 

focusing unit. 
3) Recessed cavity contact. 
4) Distance from reference line to effective centre of deflection. 7Z2 6390 



M.41-10 

MECHANICAL DATA (continued) 

Accessories 

Socket type 

Final accelerator contact connector type 55563 

FOCUSING magnetic 

DEFLECTION double magnetic 

deflection angle 70° 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3(~) 15 kV 

Grid No.2 voltage Vg2 300 V 

Negative controll grid voltage for 
visual extinction of a focused spot -Vgl 30 to 70 V 

Recommended distance of focus 
unit from reference line 118 mm 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Final accelerator voltage Vg3(p) 
max. 16 
min. 8 

max. 500 

kV 
kV 

V 
Grid No.2 voltage Vg2 min. 200 V 

Control grid voltage, 
max. 200 V 

negative -Vg1 min. 1.0 V 

Cathode heater voltage, 

cathode positive Vh f _ max. 150 V 

cathode negative V _k/f+ max. 150 V 

Resistance between heater and cathode R~ max. 1.5 MS2 

Resistance between cathode and earth Rk max. 1.0 MS2 

Impedance between cathode and earth 
(f = 50 Hz) Zk max. 100 kS2 

7Z2 6391 
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PART 4 

MONITOR TUBES 



PREFERRED TYPES 

TELEVISION STUDIO TUBES 

Monitor tubes 

AW 17-20 
AW43 -48 
M21-11W 
M21-12W 
M36-i1W 
M36 -13W 

1.1.1966 Valid until 31 December 1966 7Z2 6192 



M21-11W 

MONITOR TUBE 

r 

i 
21 cm rectangular television tube with metal -backed screen primarily intended 

for use as a precision monitor. 

QUICK REFERENCE. DATA 

Deflection angle 90 

Focusing electrostatic 

Resolution min . 650 lines 

Overall length max. 222 mm 

SCREEN 

Metal backed phosphor 

Lumenescence white 

Useful diagonal min. 195 mm 

Useful width min. 180 mm 

Useful height min. 135 mm 

HEATING 

Indirect by A. C . or D . C . ; parallel supply 

heater voltage 

heater current 

CAPACITANCES 

Final accelerator to external 

conductive coating 

Cathode to all other elements 

Grid. No . 1 to all other elements 

Vf = 11.5 V + 10 

I f = 60 mA 

Ca , g3, gS~In = maxi. 9.01 pF 

Ck = i 5.0 pF t 

Cgl = ~ 375 ,~ pF •z
~1~ 

7Z2 6117 

TENTATIVE DATA 



M21-11W 

MECHANICAL DATA 

mi ~1:~ 

c 

157°30' 
.90 

9~ 

9 

Dimensions in mm 

1 4+1 

~A~~~ 

%~ ...~ 
i 

% R-70 _— I ~ ~I 

93,95(L) 

I 

min 27.8 

I 
max2.5 

Mounting position: any 

Except vertical with the screen downward and the axis of the tube making an
angle of less than 20 ° with the vertical. 

7Z2 6118 



M21-11W 

MECHANICAL DATA (continued) 

Base• 

Accessories 

Socket 

Final accelerator connector 

Neo Eightar (B8H) 

type 55563 

FOCUSING electrostatic 

The range of focus voltage shown under "Typical operating conditions" results 
in optimum focus at a beam current of 100 µA. 

DEFLECTION magnetic 

Diagonal deflection angle 90° 

REFERENCE LINE GAUGE Dimensions in mm 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage 

Focusing electrode voltage 

First accelerator voltage 

Grid No.l voltage for visual extinction 
of focused raster (grid drive service) 

Cathode voltage for visual extinction of 

focused raster (cathode drive service) 

Reference 
tine 

~rzoiva 

Vg3 ~ g5(p) = 12 kV 

Vg4 = 0 to 400 V 

Vg2 = 400 V 

-Vgl = 32 to 69 V 

Vk = 29 to 62 V 

1) Reference line 
2) Cavity contact CT8 
3) The maximum dimension is determined by the reference line gauge 

7Z2 6119 

3 



M21-11W 

RESOLUTION 

Resolution at screen centre 

Measured at: 

min. 650 lines 

Vg3. g5(-~) - 12 kV 

Vg2 = 400 V 

This tube will resolve 650 lines measured at a brightness of 340 Nits based on a 
picture height of 135 mm. 
The focus voltage is adjusted to obtain the smallest roundest spot. For optimum 
overall resolution an external centring magnet maybe required. 

LIMITING VALUES (Absolute ma,c. rating system) 

Final accelerator voltage 

Focus voltage 

positive 

negative 

~ First accelerator voltage 

Grid No.l voltage 

positive 

positive peak 

negative 

Cathode to heater voltage 

1 positive 

positive peak 

Focusing electrode current 

Accelerator current 

MAXIMUM CIRCUIT VALUES 

Resistance between cathode and heater 

Impedance between cathode and heater 

Impedance between cathode and earth 

Grid No.l circuit resistance 

Grid No.l circuit impedance 

Accelerator circuit resistance 

Focusing electrode circuit resistance 

Vg3°g5( ~ )
= 
= 

max. 
min. 

16 
9 

kV 
kV 

Vg4 = max. 1000 V 

-Vg4 = max. 500 V 

Vg2 = ~yi~f. 800 V 
YkU/r-

Vgl = max. 0 V 

Vgl 
P 

= max. 2 V 

-Vgl = max. 180 V 

Vk_f = max. 80 V 

Vk_ fp = max. 130 V 

Igo = max. ±25 µA 

Ig2 = max. ± 5 µA 

Rk~f = max. 1 MSZ 

Zk~f (50 Hz) = max. 500 kS2 

Zk (50 Hz) = max. 100 kSl 

Rgl = max. 1.5 MS2 

Zgl (50 Hz) = max. 500 kSl 

Rg2 = max. 1 MS2 

Rg4 = max. 3 MSt 

7Z2 6120 
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M21-12W 

MONITOR TUBE 

21 cm rectangular television tube with metal backed screen primarily intended 

for use as a picture monitor tube. 

QUICK REFERENCE DATA 

Deflection angle 

Focusing 

Resolution 

Overall length 

110 

electrostatic 

625 lines 

max. 205 mm 

SCREEN 

Metal backed phosphor 

Lumenescence 

Light transmission of face glass 

Useful diagonal 

Useful width 

Useful height 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

CAPACITANCES 

Final accelerator to external conductive 
coating 

Cathode to all other elements 

Grid No.l to all other elements 

white 

80 

min. 200 mm 

min. 190.5 mm 

min. 149.2 mm 

Vf = 6.3 V 

If = 300 mA 

Cg3, g5(p )/m = 250 pF ~ t 

Ck = 4.0 pF ~ 

Cgl = 7.0 pF J ~ 

7Z2 5653 



M21-12W 

MECHANICAL DATA 

reference line ~ 

min 190.5 

Dimensions in mm 

7Z2 5654 
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M21-12W 

MECHANICAL DATA (continued) 

a~93~95 

9~ 

Mounting position: any 

Except vertical with the screen downward and the axis of the tube making an
angle of less than 20°  with the vertical. 

Base: Neo Eightar (B8H) 

Accessories 

Socket type 

Final accelerator connector type 55563 

1) Reference line, determined by the plane of the upper edge of the flange of the 
reference line gauge when the gauge is resting on the cone y~:,_,. ,~, , 

_. 
7Z2 5655 
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M21-12W 

FOCUSING electrostatic 

The range of focus voltage shown under "Typical operating conditions" results 
in optimum focus at a beam current of 100 µA. 

DEFLECTION magnetic 

Diagonal deflection angle 110°

PICTURE CENTRING MAGNET 

Field intensity perpendicular to the tube axis adjustable from 0 to 79.6 A/m 
(0 to 10 Oerstedt). 
Adjustment of the centring magnet should not be such that a general reduction in 
brightness or shading of the raster occurs. 

TYPICAL OPERATION 

Final accelerator voltage Vg3,g5(p) = 16 kV 

Focusing electrode voltage Vg4 = 0 to 400 V 1) 

First accelerator voltage Vg2 = 300 V 

Grid No.l voltage for extinction of 
focused raster Vgl

RESOLUTION 

Resolution at screen centre measured 
at Vg3,g5(p) = 16 kV, Vg2 = 300 V 

BRIGHTNESS 

Brightness at Vg3, g5(p) = 16 kV, 
Ig3 g5( p ) = 100 µA measured with 

a raster of 18 x 13.5 cm2~ , 

_ -35 to -72 V 

~/ 
k 

.i  
~, 

~ 

L 

~~l!/ ~~ , ") 

625 lines 

450 Nit 

1) With the small change. in focus spot size with variation of focus voltage, the 
limit of 0 to 400 V is such that an acceptable focus quality is obtained within 
this range. If it is required to pass through the point of focus, a voltage of at 
least -100 to +500 V will be required. 7Z2 5656 
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M21-12W 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage 
Vg3°g5( ~ )

Focusing electrode voltage - Vg4 
g4 

First accelerator voltage Vg2

Cathode to heater voltage V+k/f-

V+k/f-p

V -k/f+ 

V -k/f+p

= max. 20 
= min. 13 

= max. 1 

kV 
kV -

kV 
= max. 500 V 

= max. 450 V 
= min. 200 V 

= max. 200 V 

= max. 300 V 1) 

= max. 125 V 

= max. 250 V 

Grid No.l voltage 

positive Vgl = max. 0 V 2) 

positive peak Vgl = max. 2 V 
P 

negative -Vgl = max. 150 V 

Focusing electrode current Igo = max. ±25 µA 

First accelerator current Ig2 = max. ± 5 µA 

CIRCUIT DESIGN VALUES 

Resistance between cathode and heater Rkf = max. 1 MS2 

Impedance between cathode and heater Zkf(50 c/s) = max. 0.5 MS2 

Impedance between cathode and earth Zk (50 c/s) = max. 0.1 MSl 

Grid No.l circuit resistance Rgl = max. 1.5 MSl 

Grid No.l circuit impedance Zgl(50 c/s) = max. 0.5 MS2 

First accelerator circuit resistance Rg2 max. 1 MSl 

Focusing electrode circuit resistance Rg4 = max. 3 MS2 

i) During a warm-up period not exceeding 45 s the heater may be 410 V negative 
with respect to the cathode. 

2) The d.c. value of bias must not be such as to allow the grid to become posi-
tive with respect to the cathode, except during the period immediately after 
switching the receiver on or off when it may be allowed to rise to +1 V . The 
maximum positive excursion of the video signal must not exceed +2 V, and at 

this voltage the grid current may be expected to be approximately 2 mA. 
7Z2 5657 
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M36-11W 

MONITOR TUBE 

36 cm rectangular television tube with metal backed screen primarily intended 

for use as a precision monitor . 

QUICK REFERENCE DATA 

Deflection angle 

Focusing 

Resolution 

Overall length 

90 

electrostatic 

min. 650 lines 

max. 317 mm 

SCREEN 

Metal backed phosphor 

Lumenescence 

Useful diagonal 

Useful width 

Useful height 

I-TEATING 

white 

min. 330 mm 

min. 306.5 mm 

min . 241 mm 

Indirect by A . C . or D . C . ; parallel supply 

Heater voltage 

Heater current 

CAPACITANCES 

Final accelerator to external conductive 
coating 

Cathode to all other elements 

Grid No. 1 to all other elements 

'~ 
Vf = l.~ : 3" V ±10 j o

If 

Cg3 g5(2)/m 

Ck 

Cgl 

mA 

3 = 800 pF 

= 5.0 pF ~ 

= 9.0 pF L 

7Z2 6441 
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M36-11W 

co 
+I 

reference line 

Dimensions in mm 
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M36-11W 

MECHANICAL DATA (continued) 

asat3.a 

~ ~~ 

1 

R=50B R-610 

g 3,g5 
91

kf f 

g4 
92

vzaaaio 

Dimension's in mm 

91 

Mounting position: any 

Except vertical with the screen downward and the axis of the tube making an 
angle of less than 20°  with the vertical. 

Base: Neo Eightar (B8F1) 

Accessories:

Socket 

Final accelerator connecUor 

FOCUSING electrostatic 

type 55563 

The range of focus voltage shown under typical operating conditions results in 
optimum focus at a beam current of 100 µA. 

DEFLECTION magnetic 

Diagonal deflection angle 90°

7Z2 6443 
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M36-11W 

PICTURE CENTRING MAGNET 

Field intensity perpendicular to the tube axis adjustable from 0 to 79.6 A/m 

(0 to 10 Oerstedt). 
Adjustment of the centring magnet should not be such that a general reduction 

in brightness or shading of the raster occurs. 

REFERENCE LINE GAUGE 

TYPICAL OPERATION M36 -fl W 

Final accelerator voltage 
Vg3~ g5(.Q) = 16 kV 

Focusing electrode voltage Vg4 = 0 to 500 V 1) 

First accelerator voltage Vg2 = 600 V 

Grid No.l voltage for extinction of 
focused raster (grid drive service) -V 

gl 
= 43 to 98 V 

Cathode voltage for extinction of focused 
raster (cathode drive service) Vk = 40 to 90 V 

RESOLUTION 

Resolution at screen centre min. 650 lines 

Measured at: Vg3 g5(R) = 16 kV 

Vg2 = 600 V 

This tube will resolve 650 lines measured at a brightness of 340 Nits based on 
a picture height of 237 mm. 
The focus voltage is adjusted to obtain the smallest roundest spot. For optimum 
overall resolution an external centring magnet may be required. 

1) With the small change in focus spot size with variation of focus voltage, the 

limit of 0 to 500 V is such that an acceptable focus quality is obtained within 
this range. If it is required to pass through the point of focus, a voltage of 

at least -100 V to +600 V will be required. 7Z2 6444 
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M36.11W 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage Vg g (~) 
3> 5 

Focusing electrode voltage 
Vg4

kV 
kV 

kV 
-Vg4 = max. 500 V 

= max. 18 
= min. 12 

= max. 1 

First accelerator voltage VgZ = max. 800 V 

Grid No. 1 voltage 

positive Vgl max. 0 V 1) 

positive peak Vglp = max. 2 V 

negative -Vgl = max. 180 V 

Cathode to heater voltage Vk/f = max. 80 V 

Cathode to heater peak voltage Vk/fp = max. 130 V 

Focusing electrode current Igo = max. ±25 µA 

First accelerator current Ig2 = max. ± 5 µA 

MAXIMUM CIRCUIT VALUES 

Resistance between cathode and heater Rk/f = max. 1 MSl 

Impedance between cathode and heater Zk/f (50c/s) = max. 500 kS2 

Impedance between cathode and earth Zk/f (50c/s) = max. 100 kSt 

Grid No. 1 circuit resistance Rgl = max. 1.5 MS2 

Grid No. 1 circuit impedance Zgl (50c/s) = max. 500 kS2 

First accelerator circuit resistance RS2 = max. 1 MS2 

Focusing electrode circuit resistance Rg4 = max. 3 MS2 

1) The d. c . value of bias must not be such as to allow the grid to becomeposi -
tive with respect to the cathode, except during the period immediately after 
switching the receiver on or off when it may be allowed to rise to +1 V .The 
maximum positive excursion of the video signal must not exceed +2 V, and at 
this voltage the grid current may be expected to be approximately 2 mA. 

7Z2 6445 
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M36-11W 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating, m, which must be earthed and the 
capacitance of this to the final electrode is used to provide smoothing for the 
e.h.t. supply. The tube marking and warning labels are on the side of the cone 
opposite the final electrode connector and this side should not be used for making 
contacito the external conductive coating. 

WARNING 

X-ray shielding is advisable to give protection against danger of personal injury 
arising from prolonged exposure at close range to this tube, 

7Z2 6446 
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M36-11W 
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M36-13W 

MONITOR TUBE 

The M36-13W is a 36 cm diameter rectangular television tube with metal 
backed screen primarily intedned for use as a monitor tube. 

QUICK REFERENCE DATA 

Deflection angle 110°

Focusing electrostatic 

Resolution min. 625 lines 

Overall length max. 268.5 mm 

SCREEN 

Metal backed 

Colour white 

Useful screen diagonal min. 333.4 mm 

Useful screen width min. 314.3 mm 

Useful screen height min. 250.8 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage Vp 6.3 V 

I-)eater current If 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl ~~ pF 3. 

Cathode to all other elements Ck 7.G pF ? 

Final accelerator to external conductive coating Cg3, g5(p)~ In 800 pF ~ . 

7Z2 6447 
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M36-13W 

MECHANICAL DATA 

R=11 

ri 

O 

m 
N 
C 

Reference liner 

Dimensions in mm 

335±3.2 eJ 

0 — ~ ~ 
c 

_N 
N 

am ~ 
x 

~~28.6±toe E 

min 314.3 

~a~' `°' '' ~I

2 

7Z2 6448 



M36-13W 

MECHANICAL DATA (continued) 

276t3.2A1

Dimensions in mm 

9~ 

f 

91

Detail of panel kf f 

Mounting position: any, except vertical with the screen downward and the axis 
of the tube making an angle of less than 20°  with the vertical. 

Base Neo eightar (B8H) 

Accessories 

Socket type 

Final accelerator contact connector type 55563 

FOCUSING electrostatic 

The range of focus voltage shown under "Typical operating conditions" results 
in optimum focus at a beam current of 100 µA. 

DEFLECTION double magnetic 

diagonal deflection angle 110°

1)2)3)4)5)6)7)8) See page 6. 7Z2 6449 
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M36-13W 

PICTURE CENTRING MAGNET 

Field intensity perpendicular to the tube axis adjustable from 0 to 79.6 A/m 
(0 to 10 Oerstedt). Adjustment of the centring magnet should not be such that a 
general reduction in brightness or shading of the raster occurs. 

REFERENCE LINE GAUGE 

y=QO1aB35 x+14.67 ~~ 

Yf 

ra~.o±07~ 
114.3±03~ 

X17.92 tff 
54.x0±0.050 

A=25 

—" y oxls 

Dimensions in mm 

Qf/!f!/IC! 1%/1! 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3 g5(p) 16 kV 

Focusing electrode voltage Vg4 0-400 V 1) 

First accelerator voltage Vg2 400 V 

Grid No.l voltage for visual 
extinction of a focused raster —Vgl 40 to 85 V 

Resolution at screen centre min. 625 lines 

Measured at Vg3 g5(p) 16 kV 

Vg2 400 V 

This tube will resolve 625 lines measured at a brightness of 340 Nits based on 
a picture height of 237 mm. 
Thefocus voltage is adjusted to obtain the smallest roundest spot. For optimum 
overall resolution an external centring magnet may be required. 

7Z2 6450 
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M36-13W 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 
max. 18 kV Final accelerator voltage Vg3,g5(.Q) min. 13 kV 

Focusing electrode voltage Vg4 
max. 1 kV 

-Vg
4

max. 500 V 

max. 550 V 
First accelerator voltage Vg2

min. 350 V 

Control grid voltage, 

negative -Vgl max. 150 V 

positive Vgl max. 0 V 

Focusing electrode current Igo max. ±25 µA 

Grid No.2 current Ig2 max. ±5 µA 

Cathode to heater voltage, 
V}k/f_ max. 250 V 

cathode positive 
V +k/f-p max. 300 V 

V-k/f+ max. 135 V 
cathode negative 

V-k/f+p max. 180 V 

Resistance between heater and cathode R~ max. 1 MS2 

Resistance between grid No.l and earth Rgl max. 1.5 MS2 

Impedance between heater and cathode 
(f = 50 c/ s) 

Z~ max. 500 kS2 

Impedance between cathode and earth Zk max. 100 kSZ 

1) With the small change in focus spot size with variation of focus voltage the 
limit of 0-400 V is such that an acceptable focus quality is obtained within 
this range. If it is required to pass through the point of focus, a voltage of at 
least -100 V to +500 V will be required. 7Z2 6451 
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M36-13W 

WARNING 

X-ray shielding is advisable to give protection against possible danger of per-
sonal injury arising from prolonged exposure at close range to this tube when 
operated above 16 kV. 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating (m), which must be earthed and 

capacitance of this to the final electrode is used to provide smoothing for the 
EHT supply. The tube marking and warning labels are on the side of the cone 
opposite the final electrode connector and this side should not be used for mak-
ing contact to the external conductive coating. 

NOTES TO OUTLINE DRAWING 

1) 

2) 

The reference line is determined by the plane of the upper edge of the flange 

of the reference line gauge, (JEDEC 126) when the gauge is resting on the 
cone. 

End of guaranteed zone. 

3) Configuration of outer coating optional, but contains the contactarea as 
shown on drawing. 
External conductive coating must be earthed. 

4) This area must be kept clean. 

5) Maximum neck and cone contour given by reference line gauge. UEDEC 126). 

6) Bulge at splice -line seal may increase the indicated maximum value for en-
velope width, diagonal and height by not more than 6.4 mm, but at any point 
around the seal, the bulge will not protrude more than 3.2 mm beyond the 
envelope surface at the location specified for dimensioning the envelope 
width, diagonal and height. 

~) The tube should be supported on both sides of the bulge. The mechanism 

used should provide clearance for the maximum dimensions of the bulge. 

8) Measured 12 t 1 mm from the centre -line of the screen -cone seal. 

7Z2 6452 
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AW17-20 

MONITOR TUBE 

Television monitor tube with 17 cm diagonal rectangular metal backed screen. 
This tube has electrostatic focusing and magnetic deflection. 

QUICK REFERENCE DATA 

Deflection angle 

Focusing 

Resolution 

Overall length 

44 ° 

electrostatic 

min. 650 lines 

max. 345.5 mm 

SCREEN 

Metal backed phosphor 

Lumenescence white 

Useful diagonal min. 155 mm 

Useful width min. 124 mm 

Useful height min. 93 mm 

HEATIIVG 

Indirect by A.C. or D.C.; parallel supply 

Heater voltage Vf = 6.3 V 

Heater current If = 300 mA 

CAPACITANCES 

Final accelerator to external 
conductive coating 

Cg3 ° g'S~Il min. 350 pF 

Cathode to all other elements Ck = max. 8 pF 

Grid No. 1 to all other elements 
Cgl 

= max. 8 pF 

7Z2 6407 
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AW17-20 

MECHANICAL DATA 

R=10 

~~ 
'~: 

•~ 

51 

R= 

Dimensions in mm 

109± 1S 

~_ 
R -50 

71 
vzwsn 

Mounting position: any 

Except vertical with the screen downward and the axis of the tube making an 
angle of less than 20° with the vertical 

Base Duodecal 7p. 

Accessories 

Socket type 5912/20 

Final accelerator connector type 55563 
7Z2 6408 
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AW17-20 

MAX. CONE CONTOUR DRAWING Dimensions in mm 

Plane 

The bulb sizes in planes 1, 2, 3 and 4 will not be greater than the following 
values: 

Plane Major axis Minor axis Diagonal Corner radii 
A B 

1 144 111 173.5 10 10 

2 138.5 107.6 162.7 14.4 18 

3 123.8 102.7 138.1 26.1 31.4 

4 90.4 87.7 90.8 41.6 44.4 

NOTES TO OUTLINE DRAWING 

1. Reference line determined by the position where a gauge of 36.0 mm internal 
diameter rests on the cone. 

2. Over this region the glass contour is indeterminate 

3. Allowable contact area. 

4. Effective centre of deflection. 

5. Cavity contact. 

6. Maximum extent of shield. 

7. Position of centring magnet. 7Z2 6409 
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AW17-20 

FOCUSING electrostatic 

DEFLECTION magnetic 

Diagonal deflection angle 44°

PICTURE CENTRING MAGNET 

Field intensity perpendicular to the tube axis adjustable from 0 to 79.6 A/m 

(0 to 10 Oersteds) . 
Adjustment of the centring magnet should not be such that a general reduction in 

brightness or shading of the raster occurs. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3 g5(~) = 12 kV 

Focusing electrode voltage Vg4 = 200 to +200 V 1) 

Accelerator voltage Vg2 = 300 V 

Grid No. l voltage for visual e;~tinction 
of focused raster (Grid drive service) -Vgl = 30 to 80 V 

Focusing electrode current Igo = -15 to +15 µA 

RESOLUTION 

Resolution at centre of screen > 650 lines 

Measured at: Vg3~g5 = 12 kV 

Vg2 = 300 V 

This tube will resolve a minimum of 6501ines basedon a pictureheight of 93mm 
and is measured at a brightness of 50 ft. lamberts. The focus voltage is ad-
justed to obtain the smallest roundest spot. 

The line widtri is controlled to 0.38 mm measured at a point cozresponding to 

50~ of the peak brightness measured on a photomicrometer equipment. 

1) With the small change in focus spot size with variation of focus voltage the 
limit of -200 to +200 V is such that an acceptable focus quality is obtained 
within this range. If it is required to pass through the point of focus a voltage 
of at least -300 to +300 V will be required. 7Z2 6410 

. i 



AW17-20 

LIMTTIIVG VALUES (Absolute max. rating system) 

Final accelerator voltage Vg3,g5(R) 
= 
= 

max. 
min. 

14 
10 

kV 
kV 

Focusing electrode voltage 

positive Vg4 
= max . 500 V 

negative -Vg4
= max. 400 V 

First accelerator voltage 
Vg2 

= 
= 

max. 
min. 

350 
250 

V 
V 

Grid No.l voltage 

negative -Vgl
= 
= 

max . 
min. 

200 
1 

V 
V 1) 

Cathode to heater voltage 

positive V+k/f - = max. 200 V 2) 

positive peak V+k/f -p = max. 410 V 3) 

negative V -k/f+ = max. 125 V 2) 

MAXIIOILIM CIRCUIT VALUES 

Resistance between cathode and heater Rk-f = max. 1 MSZ 

Grid No.l circuit resistance 
~1 

= max. 1.5 MS2 

Grid No.l circuit impedance Zgl (50 Hz) = max. 0.5 MS2 

1) The d.c. value of grid bias must not be allowed to become positive with re-
spect to the cathode, except during the period immediately after switching the 
equipment on or off when it may be allowed to rise to + 1.0 V . 

2) in order to avoid excessive hum the a. c. component of Vhf should be as low 
as possible (< 20 Vey). 

During swarming-up period not exceeding 45 sec. 7Z2 6411 
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AW21-80 

MONITOtt TUBE 

21 cm rectangular television tube with metalbacked screen intended for use as 
monitor tube. 

QUICK REFERENCE DATA 

Deflection angle 900

Focusing electrostatic/magnetic 

Resolution min. 625 lines 

Overall length max. 274 mm 

SCREEN 

Metal backed phosphor 

Lumene scene White 

Useful diagonal min. 195 mm 

Useful width min. 180 mm 

Useful height min. 135 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel supply 

Heater voltage 

Heater current 

CAPACITANCES 

Final accelerator to external 

Vf 6.3 V 

If 300 mA 

conductive coating Cg4 g6(:¢)/m max. 350 pF 
min. 250 pF 

Cathode to all other elements Ck max. 6 pF 

Grid No.l to all other elements Cgl max. 8 pF 

7Z2 6412 



AW21-80 

MECHANICAL DATA Dimensions in mm 

Mountii~~ position: any 

Except vertical with the screen downward and the axis of the tube making an 
angle of less than 20°  with the vertical. 

Base 

Accessories 

Socket type 5912/20 

Final accelerator connector type 55563 

1) Reference line 
2) Centre of grid 
3) Cavity contact 

Duodecal 7 pins 

7Z2 6413 



AW21-80 

FOCUSING electrostatic 

DEFLECTION magnetic 

Diagonal deflection angle 90° 

ION TRAP MAGNET 

Field intensity 45 - 65 gausses 

The space between a point 114. 5 mm from the reference line along the neck of 
the tube and the edge of the base should be kept clear of the ion trap magnet. 
The direction of the field of the ion trap magnet should be such that the south 
pole is adjacent to the spigot. The ion-trap magnet assembly should be earthed. 

REFERENCE LINE GAUGE Dimensions in mm 

The reference line of the tube is determined by the plane of the upper edge of the 
flange of the gauge when it is resting on the cone. 
The inner surface of the deflection coils must not extend into the interior of the 
gauge. 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg4 g6(~Q) 9 kV 

Focusing electrode voltage Vg3 g5 -30 to +200 V 2) 

First accelerator voltage Vg2 400 V 

Grid No. 1 voltage for visual extinction 

of focused raster (grid drive service) -Vgl 40 to 80 V 

1) The tube contour is not controlled in the region above this line 

2) Measured at Igo-~g6 = 100 µA. The range of focus voltage quoted results in 
optimum focus at the screen centre. An increase in focus voltage of 100 to 
200 V in the positive direction will give a greater uniformity of focus over 
the whole screen. 7Z2 6414 

3 



AW21-80 

LIMTI'ING VALUES (Absolute max. rating system) 

Final accelerator voltage 

Focusing electrode voltage 

positive 

negative 

First accelerator voltage 

Grid No. l voltage, 

positive 

positive peak 

negative 

Cathode to heater voltage, 

positive 

positive peak 

negative 

max. 11 kV 
Vg4°g6(p) min. 7 kV 

Vg3, g5 max. 500 V 

-Vg3, g5 max. 500 V 

min. 200 V 
Vg2 max. 500 V 

Vgl max. 0 V 1) 

Vglp max. 2 V 

-Vgl max. 150 V 

Vk_f max. 195 V 2) 

Vk_fp max. 410 V 

-(Vk_f) max. 125 V 2) 

MAXIIVIiJM CIRCUIT VALUES 

Resistance between cathode and heater Rk_f see note 4 

Grid No.l circuit resistance Rgl max. i. 5 MS2 

Grid No. i circuit impedance Zgl (50 Hz) max. 0. 5 MSZ 

1) The d.c. value of grid bias must not be allowed to become positive with re= 
spect to the cathode, except during the period immediately after switching 
the receiver on or off when it may be allowed to rise to +1 V. The maximum 
positive grid excursion of the video signal may reach 2 V and at this voltage 
the grid current may be expected to be approximately 2 mA. 

2) In order to avoid excessive hum the a.c. component of Vk/f should be as low 
as possible (< 20 Vey) . 

3) During awarming-up period not exceeding 45 sec. 

4) When the heater is in a series chain, or earthed, Zk max. is 100 kSl, where 
Zk is the 50 c/s impedance between earth and the cathode. When the heater 
is supplied from a separate transformer Rk/f is 1 MS2. 7Z2 6415 
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AW36-48 

MONITOR TUBE 

36 cm rectangular television tube with grey filter glass, metal-backed screen, 
primarily intended for use as picture monitor tube. 

QUICK REFERENCE DATA 

Deflection angle 70 ° 

Focusing electrostatic 

Resolution min . 650 lines 

Overall length max. 455 mm 

SCREEN 

Metal backed phosphor 

Lumenescence white 

Useful diagonal min. 318 mm 

Useful width min. 288 mm 

Useful height min. 217 mm 

HEATING 

Indirect by A . C . or D . C . ; parallel supply 

Heater voltage Vf = 6.3 V 

Heater current If = 300 mA 

CAPACITANCES 

Final accelerator to external 
conductive coating Cg3 ~ g5~p )/m 1100 pF 

Cathode to all other elements Ck = max. 8 pF 

Grid No .1 to all other elements Cgl = max. 8 pF 

7Z2 6416 



AW36-48 

MECHANICAL DATA 

min 788 

s 

Dimensions in mm 

~~.95

x~: 

7Z2 6417 
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AW36-48 

MECHANICAL DATA 

Mounting position: any 

Except vertical with the screen downward and the axis of the tube making an 

angle of less than 20° with the vertical. 

Base Duodecal7p 

Accessories 

Socket type 5912/20 

Final accelerator connector type 55563 

FOCUSING 

DEFLECTION 

electrostatic 

magnetic 

Diagonal deflection angle 70°

REFERENCE LINE GAUGE 

76.2±0.4 

Reference line 

+I 

e 

3&1 
~+r i ~ no~ze~ 

~ 51~ 

NOTES TO OUTLINE DRAWING 

1. Reference line 
2. Allowable contact area 
3. Cavity contact 
4. Maximum extent of shield 
5. Position of centring magnet 

0 

7Z2 6418 
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AW36-48 

TYPICAL OPERATING CONDITION 

Final accelerator voltage Vg3,g5(,Q) = 14 kV 

Focusing electrode voltage Vg4 = -200 to +200 V 1) 

First accelerator voltage Vg2 = 300 V 

Grid No. 1 voltage for visual extinction 
of focused raster (grid drive service) -Vgl = 30 to 70 V 

Focusing electrode current Igo = -15 to +15 µA 

RESOLUTION 

Resolution at centre of screen > 650 lines 

Measured at: Vg3 g5 = 14 kV 

Vg2 = 300 V 

This tube will resolve a minimum of 650 lines based on a picture height of 217 
mm and is measured at a brightness of 170 Nit. The focus voltage is adjusted to 
obtain the smallest roundest spot. 
-The line width is controlled to 0.38 mm measured at a pointcorresponding to 
50% of the peak brightness measured on a photomicrometer equipment. 

LIMITING VALUES (Absolute max, rating system) 

Final accelerator voltage Vg3, g5 (Q) 
= 
= 

max. 
min. 

15 
9 

kV 
kV 

Focus electrode voltage 

positive Vg4 = max. 500 V 

negative -Vg4 = max. 500 V 

= min. 250 V 
First accelerator voltage Vg2

max. 500 V 

Grid No.l voltage 

positive Vgl = max. 0 V 2) 

negative -Vgl = max. 200 V 

Cathode to heater voltage 

positive Vk_f = max. 200 V 3) 

positive peak Vk_fp = max. 410 V 4) 

negative - ~k-f) = max. 125 V 3) 

1)2)3)4)5) See page 5. 7Z2 6419 
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AW36-48 

MAXIIKUM CIRCUIT VALUES 

Resistance between cathode and heater 

Grid No.l circuit resistance 

Grid No.l circuit impedance 

Rk-f 

~1 
Zgl (50 c/s) 

= see note 5 

= max. 1.5 MS2 

= max. 0.5 MS2 

1) With the small change in focus spot size with variation of focus voltage the 
limit of -200 to +200 V is such that an acceptable focus quality is obtained 
within this range. If it is required to pass through the point of focus a voltage 
of at least -300 to +300 V will be required. 

2) The d.c. value of grid bias must not be allowed to become positive with re-
spect to the cathode, except during the periods immediately after switching 

the equipment on or off, when it may be allowed to rise to +1 V. The maxi-
mum positive grid excursion may reach 2 V and at this voltage the grid cur-
rent may be expected to be approximately 2 mA. 

3) Ln order to avoid excessive hum the a. c. component of Vk/f should be as low 
as possible (< 20 VRMS) 

4) During awarming-up period not exceeding 45 sec. 

When the heater is in a series chain, or earthed, Z k max. is 100 kS2 where 
Zk is the 50 c/s impendance between earth and the cathode. 
When the heater is supplied from a separate transformer R~ f riax. is 1 MS2. 

7Z2 6420 

5 



AW36-48 

770060 

Vg~ (VJ -60 

V~ y~ 9-15kV 

-40 ZO 

AW36~4A 7B-64Sf 

1
193,95 
~~ 

A 



AW36-48 

~zora9s 

v9, 
fVl 

-100 

-BO 

-60 

~i0 

20 

AW36-4A 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~►~~A~~~~~~~ 

iiii V9~,95=9-15kV iiiiiiiiiiiii iiiiiiiiii 
~~~~~~~~~~~~~~~~~~~~~~~~~reoo.~~~~~~~~~~ 

~~~~~~p►~~5~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

iiiiiiiiiriiiiiiisiiiiiiiiiiiiiiiiiiiiii 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~Y~~~~~~~~~~ 

~~~1~~~~~~~~~~~~~~~~~~~~~~\~~~~~~~~~~~~~ 

~t•■~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8~ 
\~~~\~~~~~~t•~~~~~~~~~~~~~~~~~~~~~~~~~\~■ 
■~~~~~~~Y~~~~~~~~~~~~~~\~~~~\~~~~~~~~~~ 
~~~~~~=■~r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~\~■ ~~~~~~~~~~~~~~~~~~it•~~~~~~~~~~~~~ 

200 300 400 500 v9sfvl 

B 



AW36-48 

no~asa 

4 i 

AW36-4D 
~■■ 

u 
Roster area 188X217 cm' 

V..'300V 

20 

■ 

ifii! ii 

  111
 ■■~ ■, 

V 
~~_ 

~~~~~~~ r~i~■ 
■ ~~~~~~~ ~■ ~~■~~r~~~~ 

it  ~~:~:::~:  - - 

=' 0 0 

c 

1 kV 

10kV 

xao aoo .~00 ~.Oo a~~ rt~v 



AW43-48 

MONITOR TUBE 

43 cm rectangular television tube with metal backed, grey glass screen. The 
tube is primarily intended for us2 as a television studio monitor tube. 

QUICK REFERENCE DATA 

Deflection angle 70 

Focusing electrostatic 

Resolution min. 650 lines 

Overall length max. 519 mm 

S(:REEN 

Metal backed phosphor 

Lumenescence 

Useful diagonal 

Useful width 

Useful height 

HEATING 

white 

min. 390 mm 

min. 362 mm 

min. 273 mm 

Indirect by A . C . or D . C . ; parallel supply 

Heater voltage Vf = 6.3 V 

Heater current If = 300 mA 

CAPACITANCES 

Final accelerator to external 
conductive coating Cg3 g5~~)~m 1100 pF 

Cathode to all other elements Ck = max. 8 pF 

Grid No. 1 to all other elements Cgl = max. 8 pF 

7Z2 6421 
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AW43-48 

MECHANICAL DATA 

b 
+~ 

Q 

390.5±.~2 

~, 
\ 

\ R=600 

~.,~~ 

iti i 

min 362 

Dimensions in mm 

4°25' 

+~ 
N 

O 
tl 
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1J 

1

I 

7Z2 6422 
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MECHANICAL DATA Dimensions in mm 

Mounting position: any 

Except vertical with the screen downward and the axis of the tube making an 
angle of less than 20° with the vertical. 

Base Duodecal7 p. 

Accessories 

Socket type 5912/20 

Final accelerator connector type 55563 

1) Reference line 
2) Centre of grid 
3) Cavity contact 7Z2 6423 



AW43-48 

FOCUSING electrostatic 

DEFLECTION magnetic 

Diagonal deflection angle 700

REFERENCE LINE GAUGE Dimensions in mm 

Reference line 

TYPICAL OPERATION 

Final accelerator voltage Vg3 g5(:Q) 16 kV 

Focusing electrode voltage Vg4 _ -200 to +200 V 1) 

First accelerator voltage Vg2 = 300 V 

Grid No.l voltage for visual 
extinction of focused raster -Vgl = 30 to 70 V 

Focusing electrode current Igo = -15 to +15 µA 

RESOLUTION 

Resolution at centre of screen > 650 lines 

Measured at: Vg3 g5(~) = 14 kV 

Vg2 = 300 V 

This tube will resolve a minimum of 650 lines based on a picture height of 
273 mm and is measured at a brightness of 170 Nit. 
The focus voltage is adjusted to obtain the smallest roundest spot. 
The line width is controlled to 0.48 mm measured at a point corresponding to 
50~ of the peak brightness measured on a photomicrometer equipment. 

1) With a small change in focus spot size with variation of focus voltage the 
limit of -200 V to +200 V is such that an acceptable focus quality is obtained 
within this range. If it is required to pass through the point of focus a voltage 
of at least -300 to +300 V will be required. 7Z2 6424 
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AW43-48 

LIMITING VALUES (Absolute max. rating system) 

Final accelerator voltage 

Positive focusing electrode voltage 

Negative focusing electrode voltage 

First accelerator voltage 

Negative grid No.l voltage 

Positive grid No.l voltage 

Positive grid No. 1 peak voltage 

Focusing electrode current 

First accelerator electrode current 

Cathode-heater voltage 

positive 

positive peak 

negative (k neg.) 

negative peak (k neg.) 

MAXIMUM CIRCUIT VALUES 

Resistance between cathode and heater 

Impedance between cathode and heater 

Grid No. l circuit resistance 

Grid No.l circuit impedance 

Vg3 , g5(~ ) 

+Vg4

-V
g4

Vg'2 

-Vgl

+Vgl

+Vgl
P 

Igo 

Ig2 

V+k/f - P 

V -k/f+ d . c . 

V -k/f+ P 

Rk/f 

Zk/f (50 c/s) 

Rgl 
Zgl (50 c/s) 

= max. 18 kV 
= min. 10 kV 

= max. 500 V 

= max . 500 V 

= max. 500 V 
= min. 250 V 

= max . 200 V 

= max. 0 V I) 

max. 2 V 

max. f25 µA 

= max. ±15 µA 

= max. 200 

= max. 300 

= max. 125 

= max. 250 

= max. 1.0 

= max. 100 

= max. 1.5 

= max. 0.5 

V 2) 

V 2) 

V 2) 

V 2) 

MS2 

kS2 

MS2 

MS2 

1) The d.c. value of grid bias must not be allowed to become positive withre-
spect to the cathode, except during the periods immediately after switching 
the equipment on or off, when it may be allowed to rise to +1 V . 
The maximum positive grid excursion may reach 2 V and at this voltage the 
grid current may be expected to be approximately 2 mA. 

2) In order to avoid excessive hum the a.c. component of Vk/f should be as low 
as possible (<20 VRMS)' 
Duringawarming-up period not exceeding 45 s, Vk/f max. (cathode positive) 
is allowed to rise to 410 V. P 7Z2 6425 
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MW13-35 

MONITOR TUBE 

The M.13-35 is 13 cm diameter monitor tube with metal -backed screen. The 
tube is primarily intended for use as a television viewfinder tube. 

QUICK REFERENCE DATA 

Deflection angle 

Focusing 

Overall length 

530

magnetic 

max . 287 mm 

SCREEN 

Metal backed 

Colour 

Useful diameter 

HEATING 

Indirect by A.C. or D.C. ; series or parallel supply 

Heater voltage 

Heater current 

white 

min. 108 

Vf = 6.3 V 1) 

If = 0.3 A 

CAPACITANCES 

Control grid to all other elements Cgl max. 10 pF 

Cathode to all other elements Ck max. 10 pF 

1) When the tube is used in a series heater chain, the heater voltage must not 

exceed 9.5 V when the supply is switched on. If necessary a current limiting 
device must be used for this purpose. 7Z2 6429 

1 



MW13-35 

MECHANICAL DATA 

Qg3 

kf f 

Dimensions in mm 
125±2 

Mounting position: any, except with screen downwards with the axis at an angle 
of less than 20o to the vertical. 
The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base

FOCUSING magnetic 

DEFLECTION double magnetic 

deflection angle 

Octal 8 p. 

53°

1) Reference line, determined by the diameter of 36 mm. 

2) The distance from deflection centre to reference Line should not exceed 
24 mm . 

3) Distance from focusing centre to reference line. 7Z2 6430 



MW13-35 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3(p) 7 kV 

Grid No.2 voltage 
Vg2 

300 V 

Negative grid No.2 voltage for visual 
extinction of a focused spot -Vgl 30 to 70 V 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

max . 11 kV 
Final accelerator voltage 

Vg3(p) min. 5.5 kV 

Grid No.2 voltage V 
g2 

max. 
rnin. 

500 
200 

V 
V 

Control grid voltage, 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

Cathode to heater voltage, 

cathode positive V+k/f- max. 200 V 

cathode negative V -k/f+ max . 125 V 

Resistance between heater and cathode R~ max. 1 MSl 

Resistance betweer, grid and earth Rgl max. 1.5 MS2 

7Z2 6431 
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MW36.67 

MONITOR TUBE 

36 cin rectangular television tube with metal backed grey glass screen. The 
tube is primarily intended for use as a television studio monitor tube. 

QUICK REFERENCE DATA 

Deflection angle 70°

Focusing magnetic 

Overall length max. 457 mm 

SCREEN 

Metal backed 

Colour 

Useful diagonal 

Useful width 

Useful height 

white 

min. 318 mm 

min. 288 mm 

min. 217 mm 

HEATING 

Indirect by A.C. or D.C. ; series or parallel supply 

Heater voltage 

Heater current 

CAPACITANCES 

Control grid to all other elements 

Cathode to all other elements 

Final accelerator to external 
conductive coating 

Cgl 
Ck

Vf

If

6.3 V 1) 

300 mA 

max. 8 pF 

max. 8 pF 

Cg3~p )gym 1100 pF 

1) When the tube is used in a series heater chain, the heater voltage must not 
exceed 9.5 V when the supply is switched on. If necessary a current limiting 
device must be used for this purpose. 7Z2 6435 
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MW36-67 

MECHANICAL DATA Dimensions in mm 

~+a 
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MW36-67 

MECHANICAL DATA (continued) 

kf f 

g3 
i.c. i.c. 

Dimensions in mm 

g2 

92

Mounting position: any, except with screen downwards with the axis at an angle 
of less than 20o to the vertical. 
The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Duodecal 7p 

1) Reference line, determined by the plane of the upper edge of the reference 
line gauge when the gauge is resting on the cone. 

2) Allowable contact area. 

3) Distance from reference line to top centre of grid. 

4) Distance from reference line to centre of magnetic length of focus unit. 

5) This area must be kept clean. 722 6437 

i i , 



MW36-61 

FOCUSING 

DEFLECTION 

magnetic 

double magnetic 

deflection angle 

REFERENCE LINE GAUGE 

R~fermc~ ling 

70° 

TYPICAL OPERATING CONDITIONS 

Final accelerator voltage Vg3~p~ 14 kV 

Grid No.2 voltage 

Negative grid No.l voltage for visual 
extinction of a focused spot 

Recommended distance from reference 
line to centre of magnetic length of 
focus unit 

Vg2

-Vgl

300 

30 to 70 

100 

V 

V 

mm 

7Z2 6438 
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MW36-67 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

max. 15 kV Final accelerator voltage Vg.3(p) 
min. 9 kV 

max. 500 V 
Grid No.2 voltage 

Vg2 min. 250 V 

Control grid voltage, 

negative -Vgi max. 150 V 

positive Vgl max. 0 V 

Cathode to heater voltage, 

cathode positive V+k/f- max. 200 V 

cathode negative V-k/f+ max. 125 V 

Resistance between heater and cathode Rkf max. 1 MSl 

Resistance between grid and earth Rgl max. 1.5 MS2 

Impedance between heater and cathode 
(f = 50 c/s) Z~ max. 100 kSl 

7Z2 6439 
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MW36-67 
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PART 5 

FLYING SP®T SCANNERS 



PREFERRED TYPES 

TELE~TISION STUDIO TUBES 

Flying spot scanners 
MC13-16 
MK13-16 

t 
V 

Valid until 31 December 1966 



M.13-16 

FLYING SPC►T SCANNER TUBE 

The M.13-36 is a 13 cm diameter cathode-ray tube intended for flying spot 
applications . 

QUICK REFERENCE DATA 

Accelerator voltage 25 

Deflection angle 400

Resolution 1000 

kV 

lines 

SCREEN 

Metal backed 

Colour Persistence 

MC13-16 Purplish blue Very short 

MK13-16 Green Short 

Useful screen diameter 

HEATING 

Indirect by A.C. or D.C.; series or parallel supply 

Heater voltage 

Heater current 

min. 108 mm 

Vf 

If

6.3 V 

300 mA 

CAPACITANCES 

Grid No.l to all other electrodes Cgl 6.5 pF 

Cathode to all other electrodes Ck 6.5 pF 

Accelerator to outer conductive coating Cg2~p~~m 250 to 450 pF 

7Z2 6432 



M.13-16 

MECHAHICAL DATA Dimensions in mm 

kf f 

Mounting position: any, except with screen downwards and the axis of the tube 
making an angle of less than 50o with the vertical. 

Base Duodecal 7p. 

1) Reference line, determined by the plane of the upper edge of the reference 
line gauge when the gauge is resting on the cone. 

2) Insulating outer coating; should not be in close proximity to any metal part. 

3) Conductive outer coating; to be grounded. 

4) Recessed cavity contact. 

5) Spark irap;to be grounded. 

6) The distance between the deflection centre and the reference line should not 

exceed 31 mm. 

~) Distance between the centre of the magnetic length of the focusing unit and 
the reference line. 7Z2 6433 

s 

t 



M.13-16 

FOCUSING magnetic 

Focusing coil type AT1997 

DEFLECTION magnetic 

REFERENCE LINE GAUGE Dimensions in mm 

Reference line 

OPERATING CHARACTERISTICS 

Accelerator voltage 

Beam current 

Negative grid No.l cut-off voltage 

Resolution at centre of screen better than 1000 lines 1) 

1) With focusing coil AT1997 

VS'2(Q ) 25 kV 

Ip 50 to 150 µA 

-Vgl(Ip =0) 50 to 100 V 

7Z2 6434 

3 



M.13-16 

LIMITING VALUES (Absolute max. rating system) 

Accelerator voltage Vg2(.Q) 
max. 
min. 

27 
20 

kV 
kV 

Grid No.l voltage, 

negative value —Vgl max . 200 V 

positive value +Vgl max. 0 V 

peak positive value +Vglp max . 2 V 

Cathode current Ik max . 150 µA 

Voltage between heater and cathode 1) 

cathode negative V~ (k neg. ) max. 125 V 

cathode positive V~ (k pos . ) max . 200 V 

peak value, cathode positive V~p (k pos.) max . 410 V 2) 

External resistance between heater 
and cathode R~ max . 1 MS2 

External grid No.l resistance 
Rgl 

max . 1.5 MS2 

External grid No.l impedance at a 
frequency of 50 c/s Zgl (f = 50 c/ s) max . 0.5 MSl 

REMARKS 

Measures should be taken for the beam current to be switched off immediately 
when one of the time-base circuits becomes defective. 

An X-ray radiation shielding with an equivalent lead thickness of 0.5 mm is 
required to protect the observer. 

1) In order to avoid excessive hum, the A.C. component of the heater to cathode 
voltage should be as low as possible and should not exceed 20 VRMS• 

2) During aheating-up period not exceeding 45 sec. 7Z2 6440 
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PART 6 

PROJECTION CATHODE-RAY TUBES 



PREFERRED TYPES 

PROJECTION TUBES 

Colour 

White Blue Red Green 

MW13-38 
MU6-2 
MU13-38 

MY6-2 
MY13-38 

MG6-2 
MG13-38 

1.1.1966 Valid until 31 December 1966 7Z2 6191 



MG/U/Y6-2 

PROJECTION TUBE 

The M. 6-2 are 6 cm diameter colour TV projection tubes. 

QUICK REFERENCE DATA 

Accelerator voltage 25 kV 

Deflection angle 67.5°

Focusing magnetic 

SCREEN 

Metal backed 

Type MG6-2 MU6-2 MY6-2 

Colour green blue yellow 

Colour point x=0.19 y=0.72 x=0.17 y=0.13 x=0.54 y=0.46 

The MYb-2 should be used in conjunction with a suitable filter (e.g. Wratten 
filter No.25). 
Colour points of MY in combination with Wratten No.25 filter x=0.67 y=0.33 

Useful screen diameter min. 55 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage 

Heater current 

Vf 6.3 V 

If 300 mA 

CAPACITANCES 

Control grid to all other elements 
Cgl 

6.3 pF 

Cathode to all other elements Ck 6.3 pF 

Accelerator to external conductive coating Cg2/m 450 pF 

7Z2 6406 



MG/U/Y6-2 

MECHANICAL DATA Dimensions in mm 

Mounting position: any, except with'screen downwards with the axis at an angle 

of less than 50o with the vertical. 
The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base 

Dimensions and connections 

Overall length 

Face diameter 

Net weight 

max. 268 mm 

max. 65.55 mm 

145 g 

1) Inner radius of curvature of the face plate. 
The deviation of the centre of the outer radius of curvature with respect to 
the centre line of the neck is max. 2 mm. 

2) Eccentricity of the face plate with respect to the centre line of the neck 
max. 0.9 mm. 

3) Reference line, determined by the diameter of 30.28 ± 0.005 mm. 

4) Spark trap and outer coating. This connection must be earthed. 

5) The distance from deflection centre to reference line should not exceed 
35 mm. 7Z2 6403 



MG / U /Y6-2 

FOCUSING magnetic 

Focusing coil 

Number of ampere-turns (Va = 25 kV) 

Air gap 

with iron casing 

920 1) 

11-13 mm 

Distance from the centre of the air 
gap to the reference line 83-87 mm 

Inner diameter of the inner bush 27.5 mm 

For centering it is necessary that the focusing coil can be tilted over 2. 5 - 3° 
to either side. 

DEFLECTION double magnetic 

deflection angle 67.5° 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg2(p) 

Negative grid No.l voltage for visual 
extinction of a focused spot -Vgl

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

25 

40 to 90 

kV 

V 

Accelerator voltage 

Control grid voltage 

negative 

Vg2(p) 

-Vgl

max. 

max. 

25 

200 

kV 2) 

V 

positive 

Cathode to heater voltage, 

cathode positive 

Vgl

V~~f_ 

max. 

max. 

0 

125 

V 

V 

Resistance between heater and cathode R~ max. 20 kSZ 

Resistance between grid and earth 

General observations 

Rgl max. 1.5 MS2 

Measures should be taken for the anode current to be switched off immediately 
when one of the time-base circuits becomes defective. An X-ray radiation 
shielding with an equivalent lead thickness of 0.5 mm is required to protect 

the observer. When the tube is used in an optical box, the screening by the 

box will in general be sufficient. 

1)2) See page 4. 7Z2 6404 

3 



MG/U/Y6-2 

1) Without saturation of the iron casing. 
In order to reduce the influence of voltage fluctuations it is, however, ad-
visable to saturate the iron to such an extend that the required number of 
ampere-turns becomes about 10%higher. 

2) At nominal mains voltage and with a raster area of at least 14 cm2 and a 
spot velocity of at least 450 m/s the load curve of the E.H.T. unit should 
not at any point go beyond the curve I on page B. It is desirable that under 
these conditions the design load curve is in accordance with curve II. 

The total charge of the filter capacitors in the supply unit should not exceed 
130 µC. 
The curves on page B refer to application of the M.6-2 in normal television 
receivers. In case of other applications the average current, consumed by 
the M.6-2 should be limited to 200 µA. 7Z2 6405 



MG/U/Y6-2 
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MW6-2 

PROJECTION TUBE 

The MW 6-2 is a 6 cm diameter TV projection tube 

QUICK REFERENCE DATA 

Accelerator voltage 25 kV 

Deflection angle 67.5°

Focusing magnetic 

SCREEN 

Metal backed 

Colour 

Useful screen diameter 

white 

min. 55 mm 

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage V f 6.3 V 

Heater current If 300 mom, 

CAPACITANCES 

Control grid to all other elements Cgl 6.3 pF 

Cathode to all other elements Ck 6. 3 pF 

Accelerator to external conductive coating Cg2~m 450 pF 

7Z2 6402 



MW6-2 

MECHANICAL DATA Dimensions in mm 

Mounting position: any, except with screen .downwards with the axis at an angle 

of less than 50o with the vertical. 
The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base 

Dimensions and connections 

Overall length 

Face diameter 

Net weight 

max. 268 mm 

max. 65.55 mm 

145 g 

I) Inner radius of curvature of the face plate. 
The deviation of the centre of the outer radius of curvature with respect to 
the centre line of the neck is max. 2 mm. 

2) Eccentricity of the face plate with respect to the centre line of the neck 
max. 0.9 mm. 

3) Reference line, determined by the diameter of 30.28 ± 0.005 mm. 

4) Spark trap and outer coating. This connection must be earthed. 

5) The distance from deflection centre to reference line should not exceed 
35 mm. 7Z2 6403 

2 



MW6-2 

FOCUSING magnetic 

Focusing coil with iron casing 

Number of ampere-turns (Va = 25 kV) 920 1) 

Air gap 11-13 mm 

Distance from the centre of the air 
gap to the reference line 83-87 mm 

Inner diameter of the inner bush 27.5 mm 

For centering it is necessary that the focusing coil can be tilted over 2. 5 - 30

to either side. 

DEFLECTION double magnetic 

deflection angle 67.5° 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage 

Negative grid No. 1 voltage for visual 
extinction of a focused spot -Vgl

Vg2(.Q) 

LIMITING VALUES (Absolute max. rating system) 

25 kV 

40 to 90 V 

Measured with respect to cathode 

Accelerator voltage Vg2(f) max. 25 kV 2) 

Control grid voltage 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

Cathode to heater voltage, 

cathode positive V+k/f- max. 125 V 

Resistance between heater and cathode R~ max. 20 kS2 

Resistance between grid and earth Rgl max. 1. 5 MS2 

General observations 

Measures should be taken for the anode current to be switched off immediately 
when one of the time-base circuits becomes defective. An X-ray radiation 
shielding with an equivalent lead thickness of 0.5 mm is required to protect 
the observer. When the tube is used in an optical box, the screening by the 

box will in general be sufficient. 

1)2) See page 4. 7 Z 2 6404 



MW6-2 

1) Without saturation of the iron casing. 
In order to reduce the influence of voltage fluctuations it is, however, ad-
visable to saturate the iron to such an extend that the required number of 

ampere-turns becomes about 10~ higher. 

2) At nominal mains voltage and with a raster area of at least 14 cm2 and a 

spot velocity of at least 450 m/s the load curve of the E.H.T. unit should 

not at any point go beyond the curve I on page B. It is desirable that under 

these conditions the design load curve is in accordance with curve II. 

The total charge of the filter capacitors in the supply unit should not exceed 
130 µC. 
The curves on page B refer to application of the M. 6-2 in normal television 
receivers. In case of other applications the average current, consumed by 

the M.6-2 should be limited to 200 µA. 7Z2 6405 
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MW6-2 
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MG/U/Y13-38 

PROJECTION TUBE 

The M.13-38 are 13 cm diameter projection tubes. 
The tubes are designed for large screen projection of colour TV displays. 

QUICK REFERENCE DATA 

Final accelerator voltage 

Deflection angle 

Focusing 

50 kV 

47° 

magnetic 

SCREEN 

Type MG13-38 MU13-38 MY13-38 

Colour green blue yellow 1) 

Colour point 

Useful diameter 

x=0.19 y=0.72 

min. 69x92 mm2

x=0.17 y=0.13 x=0.54 y=0.46 
x=0.67 y=0.33 2) 

Brightness 

MG13 -38 2000 mcd/cm2

MU13 -38 290 mcd/cm2

MY13-38 without Wratten No. 25 filter 1600- mcd/cm2

MY13-38 with Wratten No.25 filter. 375 mcd/cm2

measured at Vg2 = 50 kV 

Ip = 500 µA 

raster size 92x69 mm2

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage 

Heater current 

1)2) See page 4 

Vg 6.3 V 

I f 300 mA 

7Z2 6397 

TENTATIVE DATA 



MG/U/Y13-38 

MECHANICAL DATA Dimensions in mm 

1) Reference line is determined by position where a gauge 38. 1 x ' 05 mm dia-
meter and 50 mm long will rest on bulb cone. 

-0.00 

2) Socket for this base should not be rigidly mounted; it should have flexible 
leads and be allowed to move freely. Bottom circumference of base shell 
will fall within circle concentric with cone axis and having a diameter of 
50 mm. 

3) Distance reference line -top centre of grid. 

4) This pin must be connected to earth. 7Z2 6398 



MG/U/Y13-38 

MECHANICAL DATA (continued) 

Mounting position: any, except with screen downwards with the axis atan angle 
of less than 50° to the vertical. 
The tube should not be supported by the base alone and under no circumstances 
should the socket be allowed to support the tube. 

Base Duodecal 7 p 

Dimensions and connections 

Overall length 

Face diameter 

max. 374 mm 

max, 132.5 mm 

Net weight approx. 950 g 

Accessories 

Socket type 5912/20 

Final accelerator contact connector supplied with tube 

CAPACITANCES 

Control grid to all other elements Cgl max. 10 pF 

Cathode to all other elements Ck max. 9 pF 

FOCUSING magnetic 

Distance from the centre of the air gap of the focusing coil to the front of the 
screen 240 mm 

DEFLECTION double magnetic 

deflection angle 47° 

TYPICAL OPERATING CONDITIONS 

Accelerator voltage Vg2(~) 50 kV 

Negative grid No. 1 voltage for visual 
extinction of focused raster —Vgl 100 to 170 V 

Peak accelerator current Ig2p min. 2500 µA 
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MG/U/Y13-38 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 
max. 55 kV 

Accelerator voltage Vg2(2) min. 40 kV 

Control grid voltage, 

negative —Vgl max. 200 V 

positive Vgl max. 0 V 

positive peak Vglp max. 0 V 

Grid No.2 current Ig2 max. 500 µA 3) 

Cathode to heater voltage, 

cathode positive Vhf_ max. 100 V 

cathode negative V _~ f+ max. 50 V 4) 

Resistance between heater and cathode R~ max. 20 kSZ 

Resistance between grid and earth Rgl max. 1.5 MS2 

Impedance between grid and earth 
(f = 50 Hz) Zgl max. 0.5 MS2 

1) The tube must be combined with a suitable filter (e.g. Wratten No.25). 

2) Measured in combination with Wratten filter No.25. 

3) In order to prevent the possible occurrence of cracked faces, for images 
with concentrated bright areas (high screen loads) the g2 current should be 
kept lower than the indicated value. This is especially the case as for as 
stationary pictures are concerned. 

4) In order to avoid excessive hum, the A.C. component of the heater to cath-
ode voltage should be as low as possible and must not exceed 20 Vag. 

7Z2 6400 
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MG/U/Y13-38 

GENERAL OBSERVATIONS 

It is essential that means be provided for the instantaneous removel of the 
beam current in the event of a failure of either one or both of the time bases. 
Unless such a safety device is incorporated a failure of this type will result in 
the immediate destruction of the screen of the tube. 

Shielding equivalent to a lead thickness of 1 mm is required to protect the ob-
server against X radiation. 

The raster dimensions should not come below the minimum of 69x72 mm2. 
The screen shall be given adequate cooling by applying a continuous airblast 
onto the screen of approx. 0.06 m3/sec. 

In order to prevent damage of the tube caused by a momentary internal arc a 
resistor of 50 kS2 has to be connected betweenanode contact and the power sup-
ply. 

Before removing the tube, the screen and the cone should be discharged. 

The spark trap and the outer coating of the tube must be connected to earth. 

It is necessary to centre the focusing coil to get optimum sharpness. 

It is recommended to use the E.H.T. connector, which 
is 

delivered with each 
tube. 

7Z2 6401 
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MW13-38 

PROJECTION TUBE 

The MW13-38 is a 13 cm diameter projection tube. 
'The brightness of the tube is such that it can be used for large screen projec-
tion of TV displays. 

QUICK REFERENCE DATA 

Final accelerator voltage ~0 kV 

Deflection angle 47°

Focusing magnetic 

SCREEN 

Metal backed 

Colour white 

Useful screen diameter 69 x 92 mm2

Brightness 

measured at Vg2 = 50 kV 

II = 500 µA 

raster size 92 x 69 mm2

min. 870 mcd/cm2

HEATING 

Indirect by A.C. or D.C. ; parallel or series supply 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

CAPACITANCES 

Control grid to all other elements Cgl max. 10 pF 

Cathode to all other elements Ck max. 9 pF 

7Z2 6392 
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MECHANICAL DATA 

13)~t 1.5 
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Dimensions in mm 

Reference line is determined by position where a gauge 38.1 
+0.05 

mm dia-
meter and 50 mm long will rest on bulb cone. 

-0.00 

2) Socket for this base should not be rigidly mounted; it should have flexible 

leads and be allowed to move freely. Bottom circumference of base shell 
will fall within circle concentric with cone axis and having a diameter of 
50 mm . 

3) Distance reference line -top centre of grid. 

4) This pin must be connected to earth. 7Z2 6393 



MW13-38 

MECHANICAL DATA ' (continued) 

Mounting position: any, except screen downwards with the axis at an angle of 

less than 50o to the vertical. 
The tube should not be supported by the base alone and under no circumstances 

should the socket be allowed to support the tube. 

Base Duodecal7 p 

Dimensions and connections 

Overall length 

Face diameter 

Net weight 

Accessories 

Socket 

Final accelerator contact connector 

max. 374 mm 

max. 132.5 mm 

approx. 950 g 

type 5912/20 

supplied with tube 

FOCUSING magnetic 

Distance from the centre of the air gap of the focusing coil to the front of the 
screen 240 mm 

DEFLECTION double magnetic 

deflection angle 47°

TYPICAL OPERATING CONDITIONS 

Accelerator voltage 

Negative grid No.l voltage for visual 
extinction of a focused raster 

Peak accelerator current 

Vg2(f) 50 kV 

-Vgl 100 to 170 V 

Ig2 min. 2500 µA 
P 

r ~ ~. ~~. 
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MW13-38 

LIMITING VALUES (Absolute max. rating system) 

Measured with respect to cathode 

Accelerator voltage V (f) g2 
max. 
min. 

55 
40 

kV 
kV 

Control grid voltage, 

negative -Vgl max. 200 V 

positive Vgl max. 0 V 

positive peak Vglp max. 0 V 

Grid No.2 current Ig2 max. 500 µA 1) 

Cathode to heater voltage, 

cathode positive V+k/ f - max. 100 V 2) 

cathode negative V -k/f+ max. 50 V 

Magnification maximum 40 x 

Resistance between heater and cathode R~ max . 20 kS2 

Resistance between grid and earth 
~1 

max . 1. 5 MS2 

Impedance between grid and earth 
(f = 50 Hz) 

Zgl 
max. 0.5 MSl 

1) In order to prevent the possible occurrence of cracked faces, for images 
with concentrated bright areas (high screen loads) the g2 current should be 
kept lower than the indicated value. This is especially the case as for as 
stationary pictures are concerned. 

2) In order to avoid excessive hum, the A.C. component of the heater to cath-
ode voltage should be as low as possible and must not exceed 20 VRMS• 
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MW13-38 

GENERAL OBSERVATIONS 

It is essential that means be provided for the i{~stantaneous removel of the 
beam current in the event of a failure of either one or both of the time bases. 
Unless such a safety device is incorporated a failure of this type will result in 
the immediate destruction of the screen of the tube. 

Shielding equivalent to a lead thickness of 1 mm is required to protect the ob-
server against X radiation. 

The raster dimensions should not come below the minimum of 69x72 mm2. 
The screen shall be given adequate cooling by applying a continuous airblast 
onto the screen of approx. 0.06 m3/sec. 

In order to prevent damage of the tube caused by a momentary internal arc a 
resistor of 50 kS2 has to be connected between anode contact and the power sup-
ply. 

Before removing the tube, the screen and the cone should be discharged. 

The spark trap and the outer coating of the tube must be connected to earth. 

It is recommended to use the E.H.T. connector, which is delivered with each 
tube . 

It is necessary to centre the focusing coil to get optimum sharpness. 
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SCREEN PHOSPHORS AND 

INDUSTRIAL CATHODE-RAY TUBES 

CHOICE OF SCREEN 

When a cathode ray tube is chosen for a particular application, the designer of 
the apparatus bases his choice on a number of factors; for example, screen 
shape and size, the operating potentials that will be available, and the screen 
characteristics. He may find that the required physical and electrical configu-
ration is provided by a number of tube types which employ- different screen 
phosphors, so that he will. have to choose between one phosphor and another. In 
any event, the performance obtainable from the screen is of major importance, 
since the purpose of any cathode ray tube application is the provision of a suit-
able display. 

Here the relationship between screen characteristics and the requirements of 
the main groups of applications will be discussed. The suitability of particular 
screen types is considered in terms of operating conditions that will be met and 
the performance that must be achieved. 

The ultimate choice is determined by the detailed requirements of each specific 
application; therefore, in addition to general guidance, the methods of calcu-
lating the performance that will be obtained under given conditions are included. 
The calculations take into account the characteristics of the screen, the oper-
ational requirements, the nature of the viewing device, and the effect (where 
the screen is viewed by the eye) of the external viewing conditions. 

GENERAL REQUIREMENTS 

The three major screen properties -energy conversion efficiency, persistence, 
and spectral distribution -should be those most suitable for the application. 
Where there is any degree of conflict between one requirement and another, the 
best compromise must be achieved. The performance of the screen should be 
reasonably constant throughout the range of beam currents that is likely to be 
met. 

These general requirements will be discussed in relation to the main groups 
of cathode ray tube applications. These are: 

1. Raster type applications, in which the writing speed is generally constant but 
the beam current is modulated to produce variation of light and shade. 

2. Oscilloscope applications, in which the beam current is usually constant 
during a trace but the writing speed may vary. 7Z2 5898 
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3. Radar applications 

4. Flying-spot scanners 

5. Storage applications 

SCREENS FOR RASTER TYPE APPLICATIONS 

A number of different screens are available for raster type displays. Those 
which are most suitable for the main sub-groups of this group of applications 
are indicated in the following notes. 

Monitors and Viewfinders 

Monitoring and viewfinding systems in television studios operate at the same 
field repetition frequency and timebase speed as the broadcast channel, and 
their screen requirements are substantially the same as those of domestictele-
vision tubes. The repetition frequencies are such that persistence of vision and 
the persistence of the screen obviate flicker. The persistence must not be suf-
ficiently great to smear the images of moving objects. 

In monochrome television systems, white fluorescence is used, for aesthetic 
'reasons. The W type screen is widely established for domestic viewing tubes 
and studio monitors and viewfinders. 

Closed Circuit Systems 

Where closed circuit monochrome television systems make use of normal tele-
vision field and line speeds, screens with W phosphor are suitable. 

In some systems, however, other speeds are used. If the scanning speed is low, 
the screen must have a persistence which is long enough to minimise flicker, 
and along-persistence screen such as type LA, LD or LC must be used in order 
to maintain a complete picture. 

Data Transmission 

Since the images to be transmitted are, in general, stationary, the information 
does not need to be modified at the same rate as television picture information. 
The field repetition frequency and the bandwidth can be reduced, and transmis-
sion over lines is relatively simple. At repetition frequencies down to five fields 
per second a tolerable freedom from flicker is achieved with the cadmium chlo-
ro-phosphate phosphors that are used, for example, in the LA screen. For even 
lower frequencies, the LD screen is recommended. This screen, it should be 
noted, has a relatively low power -loading limit, and care must be taken to avoid 
burning. 
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Telerecording 

A major limitation to the quality of telerecording is the difficulty of both pulling 
the film through the camera gate and operating the shutter in the field flyback 
time. In early systems, the first field of the. interlaced picture was used for 
these operations; therefore only half the information was recorded. 

To overcome this limitation, the information from the first field is stored in 
the screen of the cathode ray tube during the time that the shutter is closed. 
The film is pulled through the gate and the shutter is opened. The second field 
is then imposed on the stored field on the screen. The stored information of the 
first field will, of course, have lost some of its initial luminance; therefore the 
second field is written on the screen at a correspondingly reduced luminance 
level. The full interlaced information is then photographed. 

The application is obviously a critical one, and the screen must meet a number 
of special requirements. The persistence must be defined within narrow limits, 
and it must be substantially constant throughout the life of the tube, otherwise 
the timing of the system will be inaccurate. There must not be a sharp peak of 
light output ("flash") at the moment of excitation, otherwise the second field will 
appear brighter than the first. And the light output from the first field must not 
have decayed to an unusably low level by the time that the second field has to be 
written. 

These special requirements are met by screen type LA. 

SCREENS FOR RASTER TYPE APPLICATIONS 

The range of frequencies for which oscilloscopes are designed is extremely 
wide, and even in a single instrument a wide range may have to be covered. 
The requirements of light output and persistence at high speeds conflict with the 
requirements at low speeds, therefore a compromise is usually necessary. If 
the screen that is used has a good luminous efficiency, a satisfactory compro-
mise can be attained. 

General Purpose Applications 

The screens in the G group are widely used in general purpose oscilloscopy. 
They have a high efficiency and a reasonably fast build-up, so that they are 
suitable for use at fairly high writing speeds. The GH screen has two spectral 
distribution peaks, one in the green and one in the blue region. The blue peak 
provides a high actinic efficiency for use with panchromatic film or, in some 
instances, with orthochromatic film. However, the effective visual persistence 
is rather short, so that at slow scan speeds very little information is obtained 
from the trace. 
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The lack of visual persistence in the GH screen has led to the introduction of 
the GL and GP types. The high efficiency of the GH screen is largely retained, 
but the persistence is of the order of one to five seconds, depending on the 
operating conditions. Slow scan speeds can therefore be used. 

The GM screen has apurplish-blue flash and ayellowish-green persistence. 
For normal oscilloscopic work, and especially at voltages between 1 kV and 
10 kV, this is the recommended screen if a long persistence is the main require-
ment. The luminous efficiency is about one-fourth of that of the GH type, so that 
for this reason, as well as the long persistence, the GM screen is not suitable 
for high-speed applications. 

Non-recurrent High-speed Applications 

When a rapid non-recurrent phenomenon is to be observed, along-persistence 
screen with a slow build-up is not suitable. The usual technique is to use a fast 
screen and photographic recording. A timebase, triggered by the incoming sig-
nal, is applied to the X deflectors, and the signal itself to the Y deflectors. 

The choice of screen for the single-shot type of application is dictated by the 
recording material that is to be used. For panchromatic and some orthochro-
matic film, the GH screen provides the fastest writing speed. If the trace is 
visible on this screen, then, in general, it can also be photographed if good 
photographic materials and techniques are used. For blue-sensitive film or 
recording paper the BE screen is preferable. Its luminous efficiency is low, but 
its spectral characteristic matches that of the emulsion. 

Moving Film Applications 

When a moving film technique is employed for the recording of recurrent phe-
nomena, the persistence of the screen must be short if smearing of the image 
is to be avoided. With orthochromatic film, the BE screen is recommended. 
Smearing is negligible in the majority of applications, and appears only under 
certain unusual and extreme conditions. Equally good results may be obtained 
with panchromatic film and the GH screen. 

Slow-scan Applications 

Visual observations of slowly-varying functions is often unsatisfactory with gen-
eral purpose screens. The eye does not easily appreciate the path of a moving 
spot, since the spot tends to attract most of the observer's attention. This dif-
ficulty is overcome, to some extent, by the use of along-persistence screen. 
The spot leaves a trace which persists long enough for the waveform to be ex-
amined. 

The useful persistence of any screen is dependent on the ambient illumination. 
If the screen is provided with ahood, adark-adapted eye can see the trace down 
to quite low levels of light output. Writing speed also affects the persistence, to 
a certain limit which depends on the screen type which is used. In single-shot. 
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applications an increase in spot velocity will reduce the persistence, and vice 
versa. The observation of information which recurs only a few times per second 
can be improved by the use of along-persistence screen; but, in general, the 
length of the persistence obtained will not be great. 

For most long-persistence applications the GM screen is recommended. The 
GL and GP screens are also useful. 

For very long persistence the LC or LD screens are used. They have orange 
luminescence. Care should be taken to avoid overloading these screens, since 
they are prone to burning. 

SCREENS FOR RADAR APPLICATIONS 

A long persistence is usually of primary importance in radar applications, be-
cause the aerial sweep is slow and the picture must be retained for relatively 
long periods. The choice of a screen is complicated if the display is to be viewed 
where there is much ambient light. Along-persistence screen with a relatively 
low light output may be less suitable than a screen with shorter persistence but 
greater light output. 

The build-up characteristic is of particular interest in radar applications. It 
can be exploited, under conditions of repeated excitation, to differentiate be-
tween the desired "permanent" echoes and noise such as sea clutter. The echo 
from a target is repeatedly displayed on successive scans, and full brightness 
is built up; whereas transitory echoes are not additive, and produce less than 
peak brightness. The published build-up curves for radar -type screens are 
presented in a way that simulates p.p.i. conditions. Points on the curve, as 
shown in "Screen data", represent the light output from the screen immediately 
before each excitation pulse. 

Radar requirements, when examined in detail, are found to be exacting. For 
instance, in general purpose marine navigational systems the performance must 
be satisfactory throughout a wide variety of aerial sweep speeds, pulse repe-
tition frequencies, and target ranges (say from 0.5 to 50 miles). In a single 
installation, a diversity of operating conditions must be catered for, therefore 
the choice of screen for the display tube is-necessarily a compromise. A num-
ber of screen types are available. 

The LD screen has found extensive use in medium-range marine navigational 
systems. It has a very long persistence which provides a good display over a 
large variety of aerial rotation speeds and pulse repetition frequencies. 

In river radar systems with short ranges and fast-moving targets, a rather 
shorter persistence is required, since it is only necessary to maintain good 
brightness between sweeps. Also, if the range has to be changed when navigat-
ing at close quarters, the trace from the earlier scan must clear quickly if it 
is not to clutter the first traces of the later scan. The LB screen meets these 
requirements. 7Z2 5902 
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In long-range navigational radar, and particularly in marine true-motion instal-
lations, the LC very long-persistence screen is widely used. It is also suitable 
where successive traces of a moving target are required for comparison, so 
that paths and speeds can be seen directly. The LC screen is also used inmete-
oroIogical work, in airfield control, and in military radar systems. In many 
instances it is used in conjunction with interscan and data-handling techniques. 

The GM long-persistence screen is sometimes used in marine radar. Its per-
sistence is considerably shorter than that of the LC and LD screens. It has a 
disadvantage in that it does. not provide the resolution capabilities possessed by 
tubes which use LC or LD screens. The reason for the lower resolution is that 
the screen is of the double-layer type; and, in order to obtain the desired decay 
characteristic, it is thicker than the LC and LD screens. The first layer is 
excited by electrons .This layer re-emits energy in the ultraviolet region, which 
then excites the second layer from which the luminous output is obtained. Reso-
lution is lost during this process because of the scattering of the ultraviolet 
through the thickness of the second layer. 

The GB screen is, like the GM screen, of the double-layer variety. It is used 
successfully in weather warning systems in aircraft cockpits. The main re-
quirement is the ability to withstand the high accelerating voltages used in tubes 
for this type of application. Its long persistence is similar to that of the GM 
screen. With the aerial scanning speeds that occur in this type of equipment it 
displays complete cloud formations during the aerial sweep. 

One of the main uses of the GJ medium-persistence screen is in airborne radar 
systems, where the scan rate is high enough to overcome the limited persist-
ence of the screen. Its spectral emission makes it suitable for visual obser-
vation at the high ambient light levels normally encountered in this type of ap-
plication. 

For large radar displays a projection system may be used. For this purpose 
the BC screen, which has a killed persistence, provides apurplish-blue and 
ultraviolet output which is projected, by optical means, on to a large secondary 
screen which has suitable long-persistence characteristics. 

SCREENS FOR FLYING-SPOT SCANNERS 

In flying-spot scanners the energy conversion efficiency of the screen, through-
out the spectral range that corresponds to the colour response of the detecting 
device, must be as high as possible. 

Very short persistence is essential where high-definition scans are used, but 
the requirement is less stringent for slow-speed facsimile reproduction. For 
example, if a 625-line raster of 5 Mc/s definition is required, then there must 
be no effective light output after 0.3 µs; but for aslow-speed system of com-
parable definition and a line speed of one second, the persistence can be as 
long as 2 ms. 7Z2 5903 



The BA very short -persistence screen is widely used for monochrome raster -
type applications. Its peak output is at 400 to 420 mµm, in the ultraviolet region. 
It is therefore particularly suitable for use with photomultipliers having con-
ventionalcaesium-antimonyphotocathodes. The persistence enables agoodover-
all signal-to-noise ratio to be achieved. 

The GE short -persistence screen has been developed for flying-spot applications 
in colour television systems. Its persistence is sufficiently short. It has an 
adequate light output in the red region of the visible spectrum, with a peak at 
510 mµm in the green region. 

SCREENS FOR STORAGE APPLICATIONS 

In some applications it is an advantage if a trace can be stored for future exam-
ination or for direct comparison with later traces. The GN screen provides 
storage for periods up to several hours. 

A back layer emits energy in the blue and ultraviolet region when it is bom-
barded with electrons. The front layer, excited by the ultraviolet radiation, has 
blue fluorescence and green phosphorescence, with a persistence of the same 
order as that of the GM screen. 

If the screen is subsequently exposed to infrared radiation, a second light out-
put is obtained, with an intensity and a persistence which are functions of the 
original writing conditions and of the intensity of the infrared irradiation. The 
stored trace, or a succession of superimposed traces, can thus be made availa-
ble. The stored traces, when they are made visible by irradiation, have a 
brightness related to that at which they were written, and they all decay at the 
same rate as one another. Erasure is effected by prolonged infrared irradiation. 

Ambient ultraviolet radiation should be excluded, since it will activate the front 
layer and produce background light which reduces contrast . Stray infrared should 
also, of course, be excluded, since it will dissipate the stored trace. The GN 
screen has a rather low maximum writing speed. 
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INTERPRETATION C►F PUBLISHED 

SCREEN CHARACTERISTICS 

INTERPRETATION OF PUBLISHED SCREEN CHARACTERISTICS 

The field of c.r.t. applications is very extensive. For this reason it is impos-
sible to provide published data covering all conceivable requirements. The 
measurements for published data are taken under conditions as close as pos-
sible to those at which the given screen is expected to operate. In some appli-
cations, the nature of the display does not readily lend itself to measurement 
purposes, and a resort has to be made to a more suitable type of display. 

Where a given application departs from the conditions specified in published 
data, some valuable information can be extracted by means of simple calcu-
lations. Inevitably, some errors will be introduced; but in view of the approxi-
mately logarithmic response of the eye, the answers obtained are reasonably 
valid. 

Much of the information presented in published data is based on a raster type of 
display, using -for measurement purposes - anon-interlaced raster of 200 
lines and 50 fields per second. Whenever possible, the raster is defocused so 
that the lines just begin to merge together. This produces reasonably uniform 
screen loading. The quoted values of screen loading apply to the loading while 
the screen is under electron bombardment, and the effect of flyback is taken 
into account. The values of screen luminance given in published data are in 
terms of photometric units. This implies that the results are intended to re-
present the appearance of the display as seen by the eye. 

In the following discussions, small letters are used for general considerations 
and for quantities in published data, while capital letters represent quantities 
involved in a particular case under consideration. 

SCREEN LUMINANCE 

The user can control four factors which affect screen luminance as seen by the 
eye. They are the area of excitation, the beam current, the applied potential, 
and the duration of excitation. A brief review of the effect of these factors on 
luminance will be made. In the first instance it will be assumed that only one of 
the factors is varied at a time. 
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The relationship between the luminance band the current i reaching the screen 
can be written as 

b = kliy (1) 

where kl is a constant and the index y at small values of current is, for most 
screens, slightly less than unity. It decreases in value with increase in beam 
current . 

The relationship between the potential v applied to the screen and the luminance 
is more complex, and is often written in the form 

b = k2 (v - vo) n (2) 

where 

k2 = a constant 
vo = a threshold potential 
n = an index, greater than unity. 

Both vo and n are functions of the phosphor and of the manner in which it is de-
posited on the tube face. For this reason the relationship may vary from one 
tube type to another, although the same screen type may be used. 

When a screen is operated at a current density well below the saturation level, 
it may be assumed that the luminance increases with increase of the duration of 
excitation. Thus, 

b = kgt (3) 

This holds only within the maximum limit for t, which is set by the time reso-
lution of the eye and is about 0.1 s. 

Over reasonably small variations in size of the excited area, the luminance can 
be considered as inversely proportional to the area, or 

b = k4/a (4) 

Experimental results seem to indicate that the luminance of the screen pro-
duced by all the factors can be represented as: 

b 
= 

a 

iy (v - vo) nt (5) 

Thus, to a first approximation, the luminance is a function of the energy applied 
to the screen. The range over which the beam current and the duration of ex-

citation may vary is considerable. However, the amount of energy the screen 
can handle is limited; therefore the screen can deal with an increase in one of 
these quantities at the expense of the other. A large increase in both the beam 
current and the excitation time will lead to saturation and eventually to perma-
nent screen damage in the form of burn. 
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The published data are normally given in the form of average luminance b as a 
function of average screen loading u, or 

b = f (u) (6) 

for several values of potential applied to the screen. 

The raster itself is formed by scanning a spot progressively over a specified 
area. Thus an elementary screen area can be considered as that covered by the 
area of the electron beam. For the purpose of calculation let us assume this 
elementary area to be w cm wide and w cm long. If the current in the beam is 
i µA, then as the beam is passing the elementary area, the real screen loading 
is given by 

i 
u(pk) = 

w2 
(7) 

The duration of the loading is tv„ that is the transit time of the spot over the 
elementary area. 

The amplitude of the waveform of peak luminance is a function of the build-up 
and decay characteristics of the particular screen under consideration. For 
screens with extremely short characteristics, the luminance is in the form of a 
pulse of light of amplitude b(pk) and duration tv,. On the other hand, a screen 
having long characteristics will produce luminance which follows the build-up 
characteristic during the excitation time tq,, and afterwards the decay charac-
teristic. Two screens operating under identical conditions and having the same 
conversion efficiency, but differing in build-up and decay characteristics, should 

have the same b(pk) tv, product. However, their instantaneous luminance will 
follow their build-up characteristics, and therefore may differ considerably. 

Thus the b(pk) used in these calculations is largely a fictitious quantity. It is 
equal to the area embraced by the build-up and persistence characteristic of a 
given screen, divided by the time of excitation. As an absolute quantity it is of 
little value. However, since it is derived from the screen characteristics, it is 
useful in comparing screen operating conditions. 

Let the raster repetition frequency be fr = tl .Then; the average screen loading 
is r

i tw 
u=~ tT

and the average screen luminance 

b = b(pk) 

(a) 

(9) 
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Both equations contain the term tw/tr . Since the raster is scanned linearly, 

w_ 
try=t1 1 (10) 

where 1 is the length of scanned line and tl is the time required to scan the line, 
therefore 

tv, = tl w 
(11) 

tr  tr  1 

Let us assume that the raster produced for preparation of published data is so 
defocused that the lines are touching each other. If the raster height is h, its 
width is 1, and the number of lines is n, then 

h 
w= —

n 

therefore 

tv, __ tl h 
tr tr nl 

Furthermore, 

_ tr 
tl n 

therefore 

tv, _ h w2
tr ~ hl 

Substituting in Eqs (8) and (9) we obtain 

i 
u 

hl 

and 

w2
b = b(pk) hl 

or 

b = b(pk) 

when the lines just touch. 

(12) 

The published data provide the values of average screen luminance b as a func-
tion of average screen loading u. Thus, if one of the quantities is known, it is 
possible to determine the other. In many cases allowances have been made for 
flyback times, so i is the actual current and b the actual luminance during ex-
citation. 

7Z2 5908 
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In all cases the published data provide information at several values of potential 
applied to the screen. In this way all the factors in Eq(5) are taken into account. 

The derived formulas enable investigation of the effect of various screen oper-
ating conditions on the screen luminance to be made. For instance, it has been 
shown in Eq (15) that the peak luminance is inversely proportional to the square 
of spot size. Thus, with the raster size and the number of lines maintained con-
stant, halving of the spot diameter increases the screen loading by a factor of 4. 
If s the efficiency characteristics were linear, no change in light output would be 
obtained. Any possible reduction in average light output can be found approxi-
mately from published data as a ratio of 

screen luminance at 4 x operating current 
4 x screen luminance at the operating current 

But there would be an increase in peak luminance in accordance with Eq (15a). 
It should be noted that Eq(15b) will not apply in this case, as the lines would not 
be touching (that is, nw ¢h); this equation is relevant only for luminance changes 
~f a raster in which the lines are just touching 

In oscilloscope work, especially at high writing speeds, it is of importance to 
obtain as high a spot luminance as possible . Consequently, the value of beam 
current is pushed to the limit. Unfortunately, as the beam current is increased 
there is some increase in beam diameter. Since the spot luminance is propor-
tional to i/w2, the optimum conditions are occurring when the quotient is at a 
maximum. 

In slow -scan applications, let us assume that the tube operating conditions and 
the number of lines used are the same as for the published data. For the same 
length of scanned line, let the scanning time be Tl (where Tl >tl). The increase 
in screen loading is in the ratio Tl/tl . 

In consequence, one would expect only a slight drop in light output for a small 
value of the quotient; but for large values there would be not only a drop in av-
erage screen luminance but also some distortion of spot shape caused by screen 
saturation. 

Let us now assume that the raster repetition frequency is constant and the num-
ber of lines is varied. On the whole, not much change will be expected when the 
lines are overlapping. When the lines are well separated, a reduction in the 
number of lines will produce higher screen loading and a reduction in light out-
put. The converse will happen when the number of lines is increased. 

In the following sections an attempt will be made to evaluate various applications 
in terms of published data information. 

7Z2 5909 
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DATA INTERPRETATION FOR RASTER TYPE APPLICATIONS 

From the preceding argument, the average screen loading in a practical case 
is 

I Tw, 
(16) U=~• 'I'r 

where Tw, is the time taken to traverse one spot width, and Tr is the time taken 
to scan one raster. 

The average screen luminance is 

B = S(Pk) TT 
(17) 

Let us assume that the height of the scanned raster is H, the width is L, the 
active line scanning time.is Tl, the raster repetition period is Tr, the number 
of lines is N, and the number of active lines is Na. Then 

W 
Tµ,=T1 L

and 

-rw _ Tl ~' 
,I,r  ,I,r  ' 

L 
' 

For any scan, if 

Yg = 

Yf 
T = 

then 

duration of scan 
duration of flyback 
duration of whole cycle 

~ = Ks +~Cf . 

If we write 

"rf 
Ks +Kf 

- p (the flyback fraction) 

then 

(18) 

QCs ='t' (1 - p) (19) 

In the case under consideration, Tl is the active scanning time, and Tm is the 

interval between lines, therefore 

T1=Tm (1 - PI) 

where Pl is the flyback fraction in the line direction. Similarly 

Na = N (1 - Pv) 

where Pv is the vertical flyback factor. 7Z2 5910 
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Substitution for Tl in Eq (18) gives 

T~v= 1 -Pl W 
.Tm 

L Tr Tr

But Tr = NTm and N = Na/(1 Pv) therefore 

Tm =Nr (1 -Pv) 
a 

If we assume that the lines are touching, then Na = H/W, therefore 

2 
,TIW, =(1 -Pl)(1 -Pv)

HLr 

Finally, substituting in Eqs (16) and (17) we have 

U=HL (1 -Pl)(1 -Pv) 

and 

B = B(pk) 
HL 

(1 - P1) (1 - Pv) 

Since W = H/Na and Na = N (1 - Pv), then 

H (1 - Pl ) 
B = B(pk) 

N2 L (1 - Pv) ' 

Now 

I(1 -Pl)(1 - Pv)=Iav 

(22) 

(23) 

(24) 

(25) 

(26) 

where Iav represents an average current flowing through the cathode ray tube 
in presence of line and field blanking. For the 405-line and 625-line television 
systems, Pl = 0.185 and Pv = 0.07. Thus in these systems the current I present 
in the raster exceeds the average current by a factor of 1.31. 

In the above calculations it has been assumed that the lines of the raster are 
touching each other. This is rather an exception than a rule. When considering 

this problem it is necessary to define more accurately the screen luminance. 
In most cases it is a mean value for the whole raster. For these considerations 
the calculations are acceptable in their present form. 

Frequently, the published data for television tubes are given in terms of beam 
current for a quoted raster size. From these values the average screen loading 
u = i/hl may be readily obtained. Alternatively, we have from Eqs (23) and (26) 

i I 
hl HL 

or 

i=I HL' 
(27) 

7Z2 5911 
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Example 

It is intended to operate a tube with a W screen as a television monitor at a 
screen potential of 14 kV and with a raster 20 cm by 15 cm. What luminance 
can be expected if the average beam current is 50 µA. 

As the tube is intended for operation in a television system, 

Iav =I(1 -Pl)(1 -Pv)=Ix0.76 

I = 0506 _ 66 µA. 

The current density is therefore 

i 66 = 0 22 µfl/cm2 . 
hl ~ 300 

At this current density and at a screen potential of 14 kV, the luminance, as 
can be seen from the relevant curve, is 280 nt. 

DATA INTERPRETATION FOR OSCILLOSCOPE APPLICATIONS 

The requirements of repetitive and single-pulse applications must be considered. 

Repetitive Excitation 

An oscilloscope display is essentially a single trace display. In any particular 
situation, let us assume that the length of trace is L, the duration Tl, and the 
.repetition frequency Fr = 1/Tr . For a line width. W, let the transit time be Tv„ 
then from Eq (8) the screen loading is 

U=W2,TT,~' . 
r 

Since 

W 
Tv,=T1 L

then 

I TI 
W L Tr 

(28) 

The average screen loading obtained from the above formula may be used to find 
the corresponding average trace luminance from the published data. 

Single-Pulse Excitation 

It is possible to estimate, from the published data, the trace luminance under 

single-pulse excitation. Since the trace is not repetitive, let us take a repeti-

tion frequency at which the eye resolves light modulation, say about 10 c/s. 
7Z2 5912 



Let this repetitive time be Tr, then the average screen loading is 

U=W2 Tw
r 

and the corresponding average screen luminance B can be found from the pub-
lished data. 

(29) 

From Eq (9) the peak luminance is 

B(pk) = B TW (30) 

and its duration is Tv,. 

The B(pk)Tv, product is equal to the area under the build-up and decay charac-
teristic of a given screen. For fast- and medium-persistence screens, most of 
this area will be within time Tr (< 0.1 s). Hence the luminance perceived by 
the eye will be 

B(pk)Tw - B 
Tr

(31) 

Example 

In a particular application a scan of 4 cm and a duration of 10 µs are produced 
at a repetition frequency of 400 c/s. The tube has a GH type screen. It is oper-
ated at 10 kV, and the current reaching the screen during the trace is 10 µA. 

What trace luminance can be expected at a line width of 0.2 mm. 

I = 10 µA 

_ 2 
W 

100 
cm 

L = 4 cm 

Substitution in Eq (28) gives 

U = 10 
100 10 400 = 0.5 µA/cm2
2x410 1 

10 
Tl = 

~1  
s 

_ 1 
Tr 

400 
s 

From the published data for the GH screen the trace luminance at 10 kV and this 
screen current density is seen to be 300 nt. 

DATA INTERPRETATION FOR RADAR APPLICATIONS 

For radar type applications, persistence is of primary importance. For this 
reason the published information on persistence characteristics of radar screens 
is more extensive than that provided for other types. The data are prepared 

from measurements made with anon-interlaced raster. Care is taken to defo-

cus the raster uniformly, so that the individual lines of the raster touch each 

other. The whole raster is considered as a single pulse, since any given area 

is excited only once during any one field. 7Z2 5913 
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To cover a variety of situations, several sets of data are published. Single 
raster excitations simulate the case of moving targets, when the screen area 
is excited only once. For permanent echoes and marker pips, there are curves 
showing persistence with repeated raster excitation. The persistence is meas-
ured from the end of excitation. From this information can be derived thevaria-
tion in trace luminance during normal operation and the screen persistence when 
changing from one range to another. 

The build-up characteristic is important during range-changing. The required 
information is given by a separate build-up characteristic which shows the 
luminance of the trace just before the next pulse arrives. 

Screen Loading 

Consider a small portion of screen under published data conditions. As in pre-
vious considerations, the raster area is hl, but only one field of n lines is ap-
plied. The current reaching the screen is i, with suitable corrections for fly-
back times. The spot is defocused so that the lines are touching each other. The 
charge per unit area reaching the screen is 

_ i 
q w2 tw 

and this is proportional to screen luminance Eq (5). 

Since 

also 

w_ 
t~v=t1 1

_ i 

q wl tl 

w=handntl=t r
n 

therefore 

_ i 
q hl tr 

(32) 

(33) 

(34) 

Under p.p.i. conditions Eq (33) is also applicable. In order to express it in 
terms of p.p.i. constants, let 

D = diameter of p.p.i. display 

R = range corresponding to the radius of display. 

Consider a portion of the display at a distance 2 D' from the centre, so that 

D~=xandx<l. 
D 7Z2 5914 
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Then the length of considered scan is 

L= 2D'. 

With a signal velocity of 12.3 µs per loop nautical mile, 

Tx = 12.3 x 
RK10_6 

s. 

It was necessary to include a constant K in the equation for Tx in order to take 
into account overlap of scanning lines of the p.p.i. display. The overlap can be 
calculated as the ratio of the number of scans per aerial rotation to the number 
of lines that can be placed on the circumference of the considered portion of 
display. In terms of p.p.i. data, at a point distant z D' from the centre. 

Kx - ~XTDW 

where 

Fp = pulse repetition frequency 
Ta = time of one aerial revolution. 

Substitution of the above data in Eq (33) gives 

Qx - 
2 

I 12.3 R F Ta10-6. 
Tr x ~D  P 

The screen luminance of the p.p.i. display is the same as that in published data 
if the above equation is equal to Eq (34). Equating and rearranging gives a 
screen loading of 

ux = 
hl 

=~ - 12.3 R Fp 
i  

as 10-6. 
r 

For published data, tr = SO 
s, therefore 

ux = 
hl 

_ 3'D IRFpTa 10-4 µA/cm2 (35) 

Now i/hl is the screen loading used in the presentation of published data, there-
fore the value of screen persistence can be determined. 

It should be noted that ux varies over the screen. If a constant value of u is re-
quired, then abright-up circuit must be incorporated, so that I/x will be con-
stant. 

Single-pulse Excitation: 
Moving Target Conditions 

For fast-moving objects a situation can exist where within one aerial rotation 
the echo moves on the display a distance greater than the spot diameter of the 
tube. The persistence curve resulting from such an excitation is given in pub-
lished data by graphs for single-pulse excitation. The screen loading can be 
calculated from Eq (35). 7Z2 5915 
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Repeated-pulse Excitation: 
Permanent Echoes 

The luminance produced by a permanent echo is a result of excitation received 
from a succession of aerial sweeps. The persistence is given in the published 
data by graphs for repeated-pulse excitation. Therepetition interval ta of pulses 
in the published data is 1 s. In practical applications, the aerial rotation fre-
quency may be different, and for that reason the equation for screen loading 
needs adjustment. Experimental evidence indicates that under the conditions 
shown in the published data, the screen luminance is a function u of the product 
of the current and the number of pulses. Thus the necessary adjustment can be 
effected by multiplying Eq (35) by to/Ta. With t o = 1 s, the modified equation 
becomes 

Ux 
- x D IRFp 

1D_4 
µA/cm2 (36) 

Build-up 

The rate at which persistence luminance builds up for a permanent echo is 
shown in published data by means of build-up characteristics. Since these char- 
acteristics are given as a function of the number of pulses, the screen loading 
can be calculated from Eq (36). 

Example 

A tube with an LD screen is employed in a p.p.i. display. It is operated at 
10 kV, and the peak current at the end of the trace is 150 µA. If the pulse repe-
tition frequency is 3 kc/s and the aerial rotational frequency is 20 r.p.m., de-
termine the luminance of the persistence trace at the edge of the display when 
the display is set to operate at a range of one nautical mile for the full useful 
screen radius of 10 cm. 

(a) Moving targets 

Screen loading is calculated from Eq (35): 

Ux 
10_g 

x•D2 
IRFPTa µA/cm2

D = 20 cm F p = 3 kc/s 
I = 150 µA Ta = 3 s 
R = 1 nautical mile x = 1 

so that 

Ux = 1.32 µA/cm2 . 

7Z2 5916 
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The persistence characteristics of the LD screen (pages 68 and 69) gives per-
sistence luminance for single-pulse excitation at an e.h.t. of LO kV. The re-
quired persistence can be read off the graph for a screen loading of 1.32µA/cm2. 
This screen loading is higher than any shown on the graph, but the results can 
be deduced by extrapolation. 

(b) Permanent echoes 

Screen loading is calculated from Eq (36): 

Ux = ~ IRFp 
10_4 

µA/cm2. 

Substitution gives 

Ux = 0.44 µA/cm2. 

This lower value has no actual meaning in terms of current; but it indicates 
which curve in the graphs on pages 68 or 69 is to be used. The result will apply 
for a fully built-up condition -say after 60 or more pulses. 

(c) Build-up 

For any intermediate number of pulses down to about ten, the small variation 
in the starting point of the decay curves can be obtained from the build-up curve 
on page 70. The value of Ux = 0.44 µA/cm2, and the persistence curves for 
multiple pulse excitation on pages 68 and 69 can then be used. 

AMBIENT ILLUMINATION 

In the discussion of the requirements of different applications it has been as-
sumed that the only light to be considered is that produced by the display. Back-
ground illumination has been altogether neglected. Under practical conditions 
the background illumination is of the greatest importance. In fact, it determines 
the luminance that the tube must produce if the display is to be usable. 

There are three sources of stray illumination: 

Light from the back of the screen is reflected by the tube walls. It returns 
to the screen in a diffuse form and reduces the contrast between the trace 
and the unexcited parts of the screen. 

Light from the front of the screen is reflected back to the screen from sur-
roundingsurfaces. Againthe effect is to illuminate the unexcited areas. 

Ambient illumination, especially in lighted rooms and in daylight situations, 
is obviously a major factor in the reduction of contrast. 

7Z2 5917 
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The minimum contrast perceptible by the eye is about 2 per cent. If the lumi-
nance of the trace in the absence of background illumination is B, and the lumi-
nance of the rest of the tube face is b, then the luminance of the trace in the 
presence of the background illumination is B + b. The change in luminance from 
trace to background is B. For limit perception, 

B B b 100=2 

so that 

B 9 . 

This is practically the absolute minimum that can be tolerated. For comfortable 
viewing the contrast should be about 80 per cent; that is, B = 4b. For an oscil-
loscope display a lower contrast is acceptable than for a raster display. 

A laboratory during hours of daylight may have an illumination of about 250 lx. 
In this illumination a perfectly diffusing surface will have a luminance of 250/TT 

80 nt. With transmission and reflection losses of 30 per cent, the tube sur-
face will have a luminance of 56 nt. 

For the examples calculated in this chapter we have 

Television monitor tube 
Oscilloscope display 
P.P.I. display (permanent echo at 1 s) 

280 nt 
300 nt 
1.3 nt 

The contrast for the last case in the presence of a 250 lx background illumi-
nation is 

55 
100 = 2.3 ~, 

which is just about perceptible. 

At night an average laboratory will have a lower illumination. If this is, say, 
50 lx, the luminance of the radar display quoted will improve, for the contrast 
will be 

11.2 100 = 11.6 ~. 

When the decay characteristic is taken. into consideration, the effect of ambient 
illumination is even more serious. If the persistence of the p.p.i. display which 

has been discussed is plotted in the presence of laboratory illumination as above, 
the resulting curve will be entirely different from that given on pages 68 and 

69 for a current density of 0.2 µA/cm2 . After about seven seconds the aisplay 
will be lost in the background. 

7Z2 5918 
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USE OF FILTERS 

Contrast can be improved by placing a filter in front of the tube. Light from 
outside has to pass through the filter twice before reaching the eye, whereas the 
light from the trace passes through only once. 

For maximum contrast the filter should be as dense as possible; but if the 
luminance of the trace is already low, it will be attenuated to an unusable level 
if the filter is too dense. However, a filter whose transmission characteristic 
is matched to the spectral distribution of the screen will provide differential 
filtering. The light output from the screen will be transmitted with minimum 
loss, while external light from other parts of the spectrum will be suppressed. 

The GM double-layer screen has apurplish-blue fluorescence and ayellowish-
green phosphorescence. As the blue component is subjectively brighter than the 
yellow, it is advantageous in some applications to filter it out with a suitable 
filter if maximum use is to be made of the yellow persistence period. The 
Chance C2 glass filter is suitable; or, for combination with a graticule, a sheet 
of amber Perspex may be used. 

Exclusion of ambient ultraviolet radiation from the GN storage screen is pro-
vided by filters such as the Ilford 108. The infrared radiation for reading can 
be obtained from low-power tungsten lamps. They should be provided with fil-
ters to suppress the visible light which would reduce contrast. A combination 
of the Ilford filters 207 and 813 is suitable. A composite viewing hood can be 
used, containing the lamps, filters, and ultraviolet stop filter. 

7Z2 5919 
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GENERAL DATA 

The information given in this reference section is obtained from measurements 
of phosphors settled in typical cathode ray tubes. The tube used is, of course, 
of a type appropriate for the screen in question. 

For each screen type there is a spectral response curve. The relative response 
is plotted against the wavelength of the light output, the peak light output being 
shown as 100 per cent. No absolute values of light output can be read off; and no 
comparisons of the luminance of different screen types can be made from these 
curves. 

On each response curve is quoted the subjective colour sensation in terms of 
the x-y co-ordinates of the C.I.E. system. These points are also indicated on 
the diagram. 

For two or three screen types, the diagram shows two points: one refers to the 
initial "flash" or fluorescence, while the other point refers to the persistence 
(phosphorescence) colour. Thus, the GM screen has apurplish-blue flash and a 
yellowish-green persistence, and it is classified as a screen of the G group. 
The two linked points shown for the GH screen are those pertaining to high-
brilliance and low-brilliance operation. 

For comparison of the spectral response of the screens available for each of 
the main groups of application, collective response curves, are given. Here 
again, the response curves are normalised, and they provide no information 
about the comparative light outputs of different screens. 

The Kelly charts are marked - in accordance with general colorimetric prac-
tice -with the wavelengths in milli-micrometres (mµm) that correspond to the 
saturated spectral colours lying on the perimeter. 

The persistence and efficiency curves, and the special curves relating to radar 
screens, should be read in conjunction with the relevant parts of the text. 

PERSISTENCE NOMOGRAPHS FOR OSCILLOSCOPE SCREENS 

Although the persistence curves give a good indication of the differences be-
tween screens under typical conditions, it is found in practice that the operation 
of the screen is often far removed from the published conditions. This is es-
pecially so for oscilloscope applications. With this as a prime consideration, 
the screens most used for oscilloscope work have been investigated in rather 
more detail than, say, the screens used in television monitors. 
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Radar screens, although subjected to some changes in operation conditions, are 
limited in their applicationalrange, and in most cases the published curves give 
adequate information. The flying spot screen BA has only a small dynamic char-
acteristic change, and once again requires no elaboration. 

Most oscilloscope screens have a persistence dependent on current density, 
electron energy, excitation time, and repetition frequency. The exception to 
this is the GJ screen which has a decay law of the form exp (-80 t) which is 
independent of the above characteristics and is therefore specified by the pub-
lished decay curve. The dynamic range of the other oscilloscope screens has 
been evaluated empirically. 

The BE and GH screens have a common decay law: 

~ or tp-1

where LC is the light output at a time tp during the decay. 

Experiment has shown that modification to the form 

~L  _  k 
Lo tp+k 

where 

Lo =initial light output at tp = 0 
k = a constant 

produces a good approximation to the practical persistence curve. 

Incorporation of some of the relevant screen characteristics gives 
a 
1 

tp = 'Y(Ib/a)~ to 
a(k - 

tan_1 
s log 

Ibq ) J (~° - 1) 

where 

to = excitation time 
Ib/a = beam current density 

and the constants a, ~3, ry , k, s, and q have been evaluated for each screen type. 

Voltage and repetition frequency are not included in this formula. The voltage 
has little effect on persistence if it exceeds 3 kV. Below 3 kV the persistence 
increases. The repetition frequency has a pronounced effect; but, because of 
the complexity of interrelating occupance and build-up time limits, the formula 
in its present form applies only for single or low-occupance occurrences. 

To simplify the use of the equation, nomographs have been constructed in which 
the variables are light output (as a percentage of flash), excitation time, and 
persistence. Current density is introduced as a parameter. Nomographs for 
the BE and GH screens are given. 
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Each nomograph consists of three main scales: to (excitation time), tp (decay 
time), and LC /Lo per cent (decay percentage). The to and tp scales are split 
into three, for various current densities. As the current density has asecond-
order effect, the range over which the scales may be used is denoted at the foot 
of the scale. 

To use the nomograph, a straight edge is placed across the sheet against the 
two known variables, and the third variable is read off. For example; 

What is the persistence of the GH screen at 0.5 per cent of flash under the fol-
lowing conditions. 

Excitation time = 10 µs 
Current density = 0.8 µA/mm2

A straightedge placed against LC/Lo = 0.5 per cent and to = 10 µs on the 
> 0.8 µA/mm2 scale will intersect the > 0.8 µA/mm2 tp scale at 0.9 ms. Thus 
the persistence is 0.9 ms to 0.5 per cent under this condition. 
Excitation time is determined, in practice, by dividing the spot diameter by the 
spot velocity. That is, 

d 
to 

v 

where 

i 

d = spot diameter (mm) 
v = spot velocity (mm/s) 

A maximum limit for to occurs when build-up is accomplished by steady excita-
tion, or when the time occupance approaches unity. This maximum limit is in-
dicated by the discontinuation of the to scale at its top end. Thus for excitation 
times greater than the limit value, the limit value should be used. 

The reading accuracy of the nomographs has been reduced by including only the 
scale intervals of S and 10 on the logarithmic tp and to scales. The reasons for 

this are that the nomograph includes several approximations, and, secondly, 
unavoidable spreads in screen production may cause significant deviations. This 
spread has less significance when the wide dynamic range covered by the loga-
rithmic characteristics is being considered. 
No nomograph is given for the GM screen, since the interdependent character-
istics of the two phosphor layers are too complex for this kind of presentation. 
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