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DATA HANDBOOK SYSTEM

Our Data Handbook System is a comprehensive source of information on electronic components, sub-
assemblies and materials; it is made up of three series of handbooks each comprising several parts.

ELECTRON TUBES BLUE

SEMICONDUCTORS AND INTEGRATED CIRCUITS RED
COMPONENTS AND MATERIALS GREEN

The several parts contain all pertinent data available at the time of publication, and each is revised and
reissued periodically.

Where ratings or specifications differ from those published in the preceding edition they are pointed
out by arrows. Where application information is given it is advisory and does not form part of the
product specification.

If you need confirmation that the published data about any of our products are the latest available,
please contact our representative. He is at your service and will be glad to answer your inquiries.

This information is furnished for guidance, and with no guarantee as to its accuracy or completeness; its publication conveys no licence
under any patent or other right, nor does the publisher assume liability for any consequence of its use; specifications and availability of
goods mentioned in it are subject to change without notice; it is not to be reproduced in any way, in whale or in part without the
written consent of the publisher.
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Part 1a

Part 1b

Part 2a

Part 2b

Part 3

Part 4

Part 5a

Part 5b

Part 6

Part 7a

Part 7b

Part 8

Part 9

December 1975

August 1977

November 1977

May 1978

January 1975
March 1975

QOctober 1979

December 1978

January 1977

March 1977

May 1979

July 1979

March 1978

ELECTRON TUBES (BLUE SERIES)

ET1a 12-75

ET1b 08-77

ET2a 11-77

ET2b 05-78

ET301-75

ET4 03-75

ET5a 10-79

ET5b 12-78

ET6 01-77

ET7a 03-77

ET7b 05-79

ET8 07-79

ET9 03-78

Transmitting tubes for communication, tubes for r.f. heating
Types PE05/25 to TBW15/25

- Transmitting tubes for communication, tubes for r.f. heating,

amplifier circuit assemblies

Microwave tubes

Communication magnetrons, magnetrons for microwave
heating, klystrons, travelling-wave tubes, diodes, triodes
T-R switches

Microwave semiconductors and components

Gunn, Impatt and noise diodes, mixer and detector diodes,
backward diodes, varactor diodes, Gunn oscillators, sub-
assemblies, circulators and isolators

Special Quality tubes, miscellaneous devices
Receiving tubes

Cathode-ray tubes
Instrument tubes, monitor and display tubes, C.R. tubes
for special applications

Camera tubes and accessories, image intensifiers

Products for nuclear technology
Channel electron multipliers, neutron tubes, Geiger-Miiller
tubes

Gas-filled tubes
Thyratrons, industrial rectifying tubes, ignitrons,
high-voltage rectifying tubes

Gas-filled tubes
Segment indicator tubes, indicator tubes, switching diodes,
dry reed contact units

Picture tubes and components

Colour TV picture tubes, black and white TV picture tubes,
monitor tubes, components for colour television, compo-
nents for black and white television.

Photomuitiplier tubes; phototubes
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SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

Part 1a

Part 1b

Part 2

Part 2

Part 3

Part 4a

Part 4b

Part 4¢

Part 5a

Part 5b

Part 6

Part 6b

August 1978

May 1977

November 1977
June 1979
January 1978
December 1978

September 1978

July 1978
November 1978

March 1977

October 1977

August 1979

SC1a 08-78

SC1b 05-77

SC2 11-77

SC2 06-79

SC3 01-78

SC4a 12-78

$C4b 09-78

8C4ac 07-78

SC5a 11-76

SC5b 03-77

SC6 10-77

SC6b 08-79

Signetics integrated circuits 1978

Rectifier diodes, thyristors, triacs
Rectifier diodes, voltage regulator diodes (> 1,5 W),
transient suppressor diodes, rectifier stacks, thyristors, triacs

Diodes

Small signal germanium diodes, small signal silicon diodes,
special diodes, voltage regulator diodes (< 1,5 W), volitage
reference diodes, tuner diodes

Low-frequency and dual transistors*

Low-frequency power transistors

High-frequency, switching and field-effect transistors
Transmitting transistors and modules

Devices for optoelectronics

Photosensitive diodes and transistors, light emitting diodes,
photocouplars, infrared sensitive devices,

photoconductive devices

Discrete semiconductors for hybrid thick and thin-film circuits

Professional analogue integrated circuits

Consumer integrated circuits
Radio-audio, television

Digital integrated circuits
LOCMOS HE4000B family

ICs for digital systems in radio and television receivers

Bipolar and MOS memories
Bipolar and MOS microprocessors
Analogue circuits

Logic-TTL

* Low-frequency general purpose transistors will be transferred to SC3 later in 1979. The old book
SC2 11-77 should be kept until then.
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COMPONENTS AND MATERIALS (GREEN SERIES)

Part 1 July 1979 CcM1 07-79 Assemblies for industrial use
PLC modules, high noise immunity logic FZ/30-series,
NORbits 60-series, 61-series, 90-series, input devices,
hybrid integrated circuits, peripheral devices

Part 2a  October 1977 CM2a 10-77 Resistors
Fixed resistors, variable resistors, voltage dependent resistors
(VDR), light dependent resistors (LDR), negative tempera-
ture coefficient thermistors (NTC), positive temperature
coefficient thermistors (PTC), test switches

Part2b  February 1978 CM2b 02-78 Capacitors
Electrolytic and solid capacitors, film capacitors, ceramic
capacitors, variable capacitors

Part 3a  September 1978 CM3a 09-78  FM tuners, television tuners, surface acoustic wave filters
Part 3b  October 1978 CM3b 10-78  Loudspeakers

Part 4a  November 1978 CM4a 11-78  Soft ferrites
Ferrites for radio, audio and television, beads and chokes,
Ferroxcube potcores and square cores, Ferroxcube trans-
former cores

Part 4b  February 1879 CM4b 02.79  Piezoelectric ceramics, permanent magnet materials

Part 6 April 1977 CM6 04-77 Electric motors and accessories
Small synchronous motors, stepper motors, miniature
direct current motors

Part 7 September 1971 CM7 09-71 Circuit blocks
Circuit blocks 100 kHz-series, circuit blocks 1-series, circuit
blocks 10-series, circuit blocks for ferrite core memory drive

Part 7a  January 1979 CM7a01-79 Assemblies
Circuit blocks 40-series and CSA70 (L), counter modules
50-series, input/output devices

Part 8 June 1979 CM8 06-79 Variable mains transformers-
Part 9 August 1979 CM9 08-79 Piezoelectric quartz devices

Quartz crystal units, temperature compensated crystal
oscillators

Part 10 April 1978 CM10 04-78 Connectors
Part 11 December 1979 CM11 12-79  Non-linear resistors

Part 12 November 1979 CM12 11-79  Variable resistors and test switches

Part 13 December 1979 CM13 12-79  Fixed resistors

N
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VARIABLE RESISTORS

Wirewound potentiometers 3
Carbon potentiometers 43
Cermet potentiometers 169






WP24 2322 003
2322 010

WIRE-WOUND POTENTIOMETERS

QUICK REFERENCE DATA
Linear resistance law
Resistance range 2,2-22000 @
Maximum permissible dissipation at 40 °C 3w
at 70 °C 2W
Potentiometers 2322 003 ..... provided with solder
tags at the side
Potentiometers 2322 010 ..... provided with solder
tags at the bottom

APPLICATION

In professional electric and electronic equipment where accurate and gradual resistance
control and high stability are required.

CONSTRUCTION

The potentiometer consists of a single layer of resistance wire wound on a strip of
resin-bonded paper and housed in a nickel-plated brass case with a bottom of black
synthetic resin.

The solder tags a and ¢ (see Figs. 1 to 4) are connected to the ends of the resistance
element; solder tag b is connected, via a central bush, to the sliding contact which is
insulated from the steel spindle.

The case is attached to a support of moulded zinc, which is equipped with a location
pip, an end stop, and a threaded spindle bush.

The whole is sealed dust-proof.

Note - A version with pins for printed-wiring can be supplied on request (see Fig. 6).




|
2322 003 ! WIRE-WOUND POTENTIOMETERS WP24
|

2322 010

Outlines Dimensions in mm
< L+ 05— ;20"2 —
1
> ::%.22 -
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¢ 23,4
6 h9 —-{ - R ;0‘2
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M10x 0,75 72786641
Fig.1. Potentiometers 2322 003..... with plain spindle. The spindle length L is 17, 20,
30 or 60 mm.
14,0205
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S
f"" % b
-
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9? |
— ‘,U 17025
= 72497294
Fig.2. Potentiometers 2322 003..... with spindle with screwdriver slot. Dimensions are
identical to those in Fig. 1. except as shown.
- LIO,S;—»& 12_%):55 —
e :6,22 -~
- <~_:’052 -
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—_— I 1. RE
| H
/d
M10x 0,75 DO [

Fig.3. Potentiometers 2322 010.....
30 or 60 mm.

#Ehs

| 7298070.2

Fig. 4. Potentiometers 2322 010..... with spindle with screwdriver slot. Dimensions are
identical to those in Fig.3. except as shown.
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WP24 WIRE-WOUND POTENTIOMETERS . 2322 003

2322 010

101 4G7 1= The potentiometers can be fixed to the chassis with the
iu‘!)ij‘ cadmium-plated mounting nut supplied (catalogue number
4322 047 00350) . The minimum thickness of the chassis

j is 1 mm. The maximum torque for tightening is 3,5 Nm.

72980281

Fig.5. Mounting holes

72991110

Fig. 6. Potentiometer with pins for printed-wiring; see also "CONSTRUCTION - Note".

| I |

L
L =254
- c A
L > t
7
Fig.7. Hole pattern of the printed-wiring t gl
board. :1 j
\ |d (tap) n
T T
TECHNICAL PERFORMANCE st

Unless otherwise specified all values apply at an ambient temperature of 20 + 5 °C, an
atmospheric pressure of 930 to 1060 mbar and a relative humidity of 45 to 75%.

Nominal resistance values (Rn), measured

between the tags a and ¢ (see Figs.1 and 3) see Table
Tolerance on the nominal resistance

for Rp = 47 Q +10%

for Rp > 47 Q + 5% and + 10%
Resistance law linear
Resistance at 50% of effective angle of rotation 50% + 2% of Regral
Maximum permissible dissipation, the full .

length of the resistance element being used see Fig. 8

Temperature coefficient of the resistance see Table
Insulation resistance > 1000 MS2
Test voltage between spindle and tags for
1 min 1000 V r.m. s.




2322 003 WIRE-WOUND POTENTIOMETERS WP24

2322 010

Maximum working voltage between resistance

element and case 500 V peak

Working temperature range -10 to + 85 °C

Climatic category, IEC68 10/085/21

Number of windings see Table

Effective angle of rotation 290 +10 ©

Mechanical angle of rotation 300+5°¢

Operating torque 7,5 to 20 mNm

End stop torque = 800 mNm

Maximum axial spindle load . S0 N

Life, for Ry, =6, 8 k& in excess of 25000 cycles
for Rp> 6,8 k& in excess of 10000 cycles

7257364.1

max. permissible
dissipation(W)

Fig.8. Maximum permissible dissipation as a function of the ambient temperature.
Curve a : for potentiometers mounted on a metal chassis of
100 mm x 100 mm x 1 mm.
Curve b : for potentiometers mounted on an insulating panel.

COMPOSITION OF THE CATALOGUE NUMBER

23220 ... ...

figure indicating the type ' ' code for resistance
03 = potentiometer with solder value, see Table

tags at the side
10 = potentiometer with solder figure indicating the toler-

tags at the bottom ance and tap

1=+ 10%

. N . 2=15% (R, > 47Q)
figure indicating the spindle type —7m8 ——— 6 =+ 10%, with tap 1)

0 = spindle with screwdriver slot
2 = plain spindle; length 17 mm
3 = plain spindle; length 20 mm
4 = plain spindle; length 30 mm
S = plain spindle; length 60 mm

7

[§

5% (R, > 47 Q)
with tap 1)

*y Tap at 50% of the effective angle of rotation.

o |



2322 003

WP24 WIRE -WOUND POTENTIOMETERS
2322 010
Table
resistance temperature number of code in
value coefficieént windings catalogue number
Q) (ppm/degC) + 25%
2,2 ’ 60 228
3,3 55 338
4,7 79 478
6,8 71 688
10 0 to +600 105 109
15 102 159
22 150 229
33 _ 141 339
e 25 to +600 103 479
68 96 689
100 142 101
~ 2
150 25t0+25 128 151
220 188 221
330 _ . 182 331
470 25 to +140 191 471 -
680 172 681 =
1000 155 102 _—
1500 234 152
2200 0 to +140 227 222
3300 342 332
4700 302 472
6800 438 682
10000 413 103
15000 -20 to +140 497 153
22000 448 223







WP42 2327 004

WIRE-WOUND POTENTIOMETERS

QUICK REFERENCE DATA

Linear resistance law

. Resistance range 10 €2 to 50000 <2
Maximum permissible dissipation at 40 0C 3 W
at 70 °C L5W
APPLICATION

In professional electric and electronic equipment where accurate and gradual resistance
control and high stability are required.

Due to the large outer diameter, a very good resolution has been obtained compared with
some other types.

CONSTRUCTION

The potentiometer consists of a single Jayer of resistance wire wound on a strip of
resin-bonded paper and housed in a case of black synthetic resin, which is dust-proof
seated by a metal bottom.

The solder tags a and ¢ (see Figs. 1 and 2) are connected to the ends of the resistance
element.

A resilient slider, which is insulated from the steel spindle, slides over the flat top of
the winding when the spindle is turned. The slider makes a sliding contact with the
solder tag b by means of a slip ring. A stop prevents the slider from overrunning the
resistance element.

— .



2322 0C 4

WIRE-WOUND POTENTIOMETERS WP42

Outlines Dimensions in mm
L£05
2., 4
1
ﬁ_y /‘1\ c
= te g o
@ H N !
- . g 9
M10x0,75 g - h 4-0
| T 32,
200 i 31200
s —
RS 30,
97 | 21,5w 7250038.2

Fig. 1. Potentiometer with plain spindle. The spindle length L is 20, 25, 30, 35 or 80 mm.

72500391

Fig.2. Potentiometer with spindle with screwdriver slot. Dimensions are identical to
those in Fig. 1 except as shown.

36%0, 1017

72500411

Fig.3. Mounting holes.

The potentiometers can be fixed to the chassis with the
cadmium-plated mounting nut supplied (catalogue number
4322 047 00350). The maximum torque for tightening

is 3,5 Nm.

' l Februarv 1979



WP42 WIRE-WOUND POTENTIOMETERS

2322 004

TECHNICAL PERFORMANCE

Unless otherwise specified all values apply at an ambient temperature of 20 * 5 0C, an

atmospheric pressure of 930 to 1060 mbar and a relative humidity of 45 to 75%.

Nominal resistance values (Ry), measured
between the tags a and c (see Figs. 1 and 2)
Tolerance on the nominal resistance
for Rp =75 Q
for R >75Q
Resistance law :
Resistance at 50% of effective angle of rotation
Maximum permissible dissipation, the full
length of the resistance element being
used, at Tymp = 40 0C
at Tamp >40 °C
Temperature coefficient of the resistance
Insulation resistance
Test voltage for 1 min
Maximum working voltage between mounting
bush and solder tags
Ambient temperature range
Number of windings
Effective angle of rotation
Mechanical angle of rotation
Operating torque
End stop torque
Life, for Ry < 10 kQ
for Ry > 10 k@

max. permissible
w

dissipation{W)
N

-

see Table

+10%

+5% and * 10%
linear

50% £ 2% of Regtal

3w

see Fig. 4

see Table

> 100 M¢S2

2000 V(r.m.s.)

1000 V (peak)

=55 to + 100 oC

see Table

280 + 40

300 * 20

10 to 30 mNm

= 800 mNm

in excess of 25000 cycles
in excess of 10000 cycles

7257365.1

Fig.4. Maximum permissible dissipation as a function of the ambient temperature.




2322 004

WIRE-WOUND POTENTIOMETERS Wp42

COMPOSITION OF THE CATALOGUE NUMBER

figure indicating the spindle type
2 = spindle with screwdriver slot
3 = plain spindle; length 20 mm
4 = plain spindle; length 25 mm
5 = plain spindle; length 30 mm
6 = plain spindle; length 35 mm
7 = plain spindle; length 80 mm

code for resistance value,
see Table

figure indicating the tolerance
1 =1 10%
2=%5% Ry >75Q)

Table
resistance temperature number of code in
value coefficient windings catalogue number
(<) (ppm/deg C) +25%
10 160 109
15 240 159
20 200 209
25 0 to + 600 250 259
35 220 359
50 320 509
75 300 759
100 200 101
150 190 151
200 260 201
+ 250 § 320 251
350 2510425 280 351
500 410 501
750 380 751
1000 510 102
1500 360 152
2 000 480 202
2 500 380 252
3500 530 352
5000 750 502
7500 0 to+140 710 752
10000 600 103
15000 560 153
20000 710 203
25000 950 253
35000 1050 353
50000 =20 to+20 1200 503
12 ‘ l September 1973



2322 O

WIRE-WOUND PRESET POTENTIOMETERS

RZ26449-3 E
QUICK REFERENCE DATA
Linear resistance law
Resistance range 2,2—-4700 Q
Maximum permissible dissipation
at 40 °C 2w
at 70 °C 1.5W
APPLICATION
In a wide variety of electronic equipment, e.g. for presetting of the horizontal and vertical convergence
in colour television receivers.
CONSTRUCTION
The potentiometers consist of a single layer of resistance wire housed in a metal case. The resistance
element and its terminal pins (a and c, see Figs 1 and 2) are insulated from the case; the slider is
connected to the case (pin b).
Four potentiometer types are available: with or without a tap (pin d) in the middle of the resistance
element and with or without a plastic knob. The potentiometers are suitable for mounting on printed-
wiring boards.
Note -
The potentiometers are supplied with the slider at 50 + 5% of the angle of rotation.
w (February 1979 13



2322 0N TWP22

Outlines
3‘5 +0,2 10'5 +0,2
|~

Y ¥
84 +8,2
B

7298800.2

Dimensions in mm

Fig.1 Non-tapped potentiometer without knob.

3,5 +0,2 10'5 +0,2
— - —

=™ 84 t02"
} - P g 15+0,2
— 0

—
iy
frem—
e
i
—
72986803.3
Fig.2 Tapped potentiometer with knob.
| . | %a
b ~ b
— d
. e=2,54mm o e=254mm
7298801.1 7298804 .1
Fig.3 Mounting holes for non- Fig.4 Mounting holes for
tapped potentiometers. tapped potentiometers.
14

February 19ﬂ (



Wire-wound preset potentiometers

2322 011

TECHNICAL DATA

Nominal resistance value (Rp,) between a and ¢
Resistance law
Tolerance on Ry,
Resistance at beginning and end
Resistance at 50% of effective angle of rotation
Contact resistance between resistance
element and slider
Change of contact resistance between resistance
element and slider
Temperature coefficient
Maximum dissipation between a and ¢, potentiometer
mounted on printed-wiring board (Fig.7)
at Tamp = 40 °C
at Tgmp =70 °C
Ambient temperature range
Mechanical angle of rotation
Effective angle of rotation
Operating torque
Maximum end stop torque

Life
L ‘ — _—
(% Feor) T T
8 : )//
:
60 i 4 :
i / |
40
20 /'/
— |
Vo
0086 0 B0 200 B0 300

P
angle of rotation (°)

Fig.5 Resistance variation with the angle of
rotation for non-tapped potentiometers.

7276696

2

dissipation
(W)

60 80 100
Tamb (°C)

2,2 t0 4700 £ see Table 1
linear, see Figs.5 and 6
+10%

< 5% of Ryotal

50 + 2% of Rigtal

<500 mQ
< 300 mQ
see Table 1
2w
1,5W
—40 to +100 °C
255 + 100
240 + 100
10 to 40 mNm
150 mNm
.250 cycles
| . 10)0 ]‘ 1 % - r20m005
% Rtot I I
D ‘ //
| ~
I 60 (//
__/
/T
40, /’ ! i }
| i |
20 7| :
/ |
4 [+
%50 W0 |80 200 20 300
15 140

—_—
angle of rotation (°)

Fig.6 Resistance variation with the angle of
rotation for tapped potentiometers.

Fig.7 Dissipation as a function of the ambient
temperature; potentiometer mounted on a
printed-wiring board.

15
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2322 0ff w22
Table 1
resistance - <temperature AAAAAAAA _
value coefficient number of code in
Q 10¢/0C turns catalogue number
2.2 110 228
33 108 338
47 95 478
6,8 0 to +600 136 588
10 126 109
15 194 159
22 113 229
33 134 339
47 —25 to +25 120 479
68 172 689
100 160 101
120 138 121
150 178 151
180 207 181
220 165 221
sy 330 0 to +140 155 331
— 470 222 471
—_— 680 200 681
1000 297 102
4700 330 472
1M1+ 1 113 229
50+ 50 —25 to +25 160 i
150 + 150 0 to +140 150 301

COMPOSITION OF THE CATALOGUE NUMBER

without tap or knob *

=02

with tap, without knob * = 03
without tap, with knob

with tap and knob

—= MARKING

The potentiometers are marked at the front with nominal resistance value (according to |IEC 62),

production code (period and year) and code of manufacture (source code).

=22
=23

2322 011

* Knobs are available under catalogue number 4322 048 20550.

M*——] L resistance code, see Table

16

February 1979




WP23 MAINTENANCE TYPES - 2322 012
2322 013

WIRE-WOUND POTENTIOMETERS

RZ 26297-1
Linear resistance law
Resistance range 2,2-22 000 ©
Maximum permissible dissipation at 70 °C 1w
Potentiometers 2322 012..... providedwitha plastic spindie
Potentiometers 2322 013..... provided with a steel spindle

APPLICATION

Inprofessional electric and electronic equipment where accurate and gradual resis-
tance regulation and high stability are required.

CONSTRUCTION

The potentiometer consists of a single layer of resistance wire wound on a strip of

resin-bonded paper and housed in a dust-proof case of black plastic material. The

resilient slider is affixed to the spindle; a stop prevents the slider from overrunning

the resistance element, and the contact between resistance wire and slider is preser- -
ved over the entire angle of rotation, so as ensure minimum wear.




2322 012 WIRE-WOUND POTENTIOMETERS WP23

2322 013

Outlines Dimensions in mm

L£05 17-84
10

M10x075

T

a. Potentiometer with a spindle suited for knob adjustment.
For spindle length L, see section "TYPES".

+08

b. Spindle with 4205

screwdriver slot

L 50
_ .
(spindle fully “F T — _@Tzsamﬂ

counter-clockwise).

Y

! 4—177

Fig.1. Potentiometers 2322 012..... and 2322 013..... and their spindle types.
a and c are connected to the ends of the resistance wire; b is connected to the
slider contact.

10,+02
+0) [ > ; ; C e i
3,2%0, The potentiometers can be fixed to the chassis with the

cadmium-plated mounting nut supplied (catalogue number
4322 047 00350).

Fig. 2. Mounting holes.

TECHNICAL PERFORMANCE

Nominal resistance values (Ryp), measured

between the tags a and c (see figure above) see Table

Tolerance on the nominal resistance

for Rp <47 Q ‘ +10%

for Ry >47 @ * 5% and = 10%
Resistance law linear
Resistance at 50% of effective angle of rotation 50 + 2% of Reotal
Resistance at the beginning and end

for Rn <15 Q ‘ <200 mQ

for Ry 222 Q 1% of Ry

. 18 H ’l Rohwviiaser 1Nn=A



WP23 WIRE-WOUND POTENTIOMETERS 2322 012

2322 013

Contact resistance . see Fig.3
Change of contact resistanc =300 m<
Dissipation as a function of ambient temperature,

potentiometers mounted on a metal chassis of

100 mm x 100 mm x 1 mm see Fig. 4
Temperature coefficient of the resistance see Table 1
Insulation resistance between bushing and contacts > 1000 M2
Test voltage between bushing and contacts
for 1 min 2000 V, 50 Hz
Maximum working voltage between bushing
and contacts 1000 Vp o
Working-temperature range -10 to +100 C
Climatic robustness ‘ category 10/100/21 (I.E.C. 68)
Number of windings see Table
Effective angle of rotation 245 + 59
Mechanical angle of rotation 270 +5°
Operating torque 0,3-2 Ncm
End stop torque = 80 Ncm
Maximum axial spindle load 100 N
Life, for Ry = 3,3 kQ in excess of 25000 cycles
for Ry >3, 3 kQ in excess of 10000 cycles

|
|
|
[
|
|
|

contact resistance (M)
w
o
(=]

L 1 L I ) 1 P s
27 00 300 300 200 470 —=Ry(0))
7298781

Fig. 3 Contact resistance as a function of the nominal resistance.

dissipation (W)

0 0 20 40 60 80 100

7298806

Fig.4 Dissipation as a function of the ambient temperature.

I |

19



2322 012 WIRE-WOUND POTENTIOMETERS WP23

2322 013

TYPES

Composition of the catalog number 2322 01. .....

figure indicating the spindle material code for resistance value,
2 = plastic see Table
3 = steel

figure indicating the toler-
ance

1 =+10%

2=45% Ry > 47 )

figure indicating the spindle type

0 = spindle suited for screwdriver adjustment;
lenght 14 mm (only plastic)

2 = length 17 mm

3 = length 25 mm spindle

4 = length 50 mm suited for
5 = length 60 mm knob
6 = length 20 mm adjustment

7 = length 30 mm

Example: for a potentiometer with a nominal resistance value of 10 €2, tolerance
+10% for screwdriver adjustment,with a plastic spindle, the catalog num-
ber is 2322 012 01109,

20 ” || Amentl 10074



Wwp23 WIRE -WOUND POTENTIOMETERS 2322 012

2322 013
Table
resistance temperature number of .
. . code in
value coefficient windings catalog numb
inQ in 1079/ deg C + 259 g er
2.2 47 228
3.3 70 338
4.7 63 478
6.8 0 to +600 90 688
10 85 109
15 127 159
22 62 229
33 94 339
47 83 479
68 25t 425 120 689
100 106 101
150 103 151
220 109 221
330 104 331
470 148 471 _—
680 131 681 —_—
1000 193 102 —_—
1500 0 to +140 187 152
2200 275 222
3300 260 332
4700 369 472
6800 342 682
10000 405 103
15000 ~20 to +140 375 153
22000 550 223

Anoniet 1970 ‘l . II 21






2322 018

WIREWOUND POTENTIOMETERS

QUICK REFERENCE DATA

Resistance range (E6-series), linear law 2,2-10000
Maximum permissible dissipation

at 40 °C 2W
Climatic category (IEC 68) 25/085/21

Plastic housing, plastic spindle

APPLICATION

In industrial electric and electronic equipment where accurate and gradual resistance regulation and
high stability are required.

DESCRIPTION
The potentiometer consists of a single layer of resistance wire wound on an insulated former and —_—
housed in a moulded plastic case, which at one end has a plastic cover plate and at the other end a o
press-fitted threaded metal bushing supporting the plastic spindle. —_—
Terminals a and c (see Fig. 1) are the end terminals which are of a snap-on type; b is the central terminal
which is connected to the slider through a collector ring.
The case has a locating slot for mounting purposes.
The potentiometer is dust-proof sealed.

February 1979 23



2322 018

OUTLINES Dimensions in mm

M10x 0,75 J
-
1,5%0,2

detail A
Fig.1a Potentiometer with plain spindle; spindle length L is 17 mm, 20 mm, 30 mm or 60 mm.
16 N
0™ L5
g6 0 I
VA —
+ by LY
*l - 1,201 "% 72767862
1,7£0,2
Fig. 1b Spindle with screwdriver slot; spindle fully counter clockwise.
MOUNTING
The potentiometer is suitable for central mounting on a panel by means of a nut supplied with the
potentiometer (catalogue number of nut 4322 047 00350). The maximum torque for tightening the
nut is 3,56 Nm. See Fig.2 for the required mounting holes in the panel.
A washer has to be used if the panel thickness is less than 1 mm as otherwise it might not be possible
to secure the nut.
+0,1
10179
—>j . '<—
Y
— 1
, +0,2
-t
32%0,1 276784

Fig. 2 Mounting holes.
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Wirewound potentiometers

2322 018

TECHNICAL DATA

Unless stated otherwise, all electrical values have been determined at an ambient temperature of 15 to

25 OC, an air pressure of 930 to 1060 mbar and a relative humidity of 45 to 75%.

For definitions of properties and test methods, see IEC 393—1.
Nominal resistance value (Rp) between & and ¢

Resistance law

Tolerance on Ry,

Resistance at beginning and end

R gradient
Resistance at 50% of effective angle of rotation
Contact resistance between resistance element and slider

Temperature coefficient

Maximum dissipation between a and ¢ (Fig. 3)
at Tgmp =40 °C
at Tamp = 70°C
Resolution
Rp=2,2t068 Q2
Rh>68 O

2,2 to 10000 £2, see Table 1
linear
+10%

< 2% of Rigtgl or 300 m&2
whichever is greater

0% of Riotal
50 + 2% of Ryotal

< 1% of Rigtg| or 200 m&2
whichever is greater

see Table 1

2w
1.5W

<1,5% of Riotal
< 0,8% of Rygal

Maximum slider current TA
Maximum working voltage between case
and resistance element 500 V (a.c.)
Test voltage between bearing bushing and resistance element < 2000V (a.c.} -
Insulation resistance > 1000 M2
Ambient temperature range —25 to +85 °C
Storage temperature range —25 to +85 °C
Mechanical angle of rotation 270 £ 50
Effective angle of rotation 265 + 50
Operating torque 3,5 t0 20 mNm <
Maximum end stop torque 800 mNm
Maximum axial force (push and pull) 100 N -
dissipation 7276783
(W)
2,0
15— — — % ______ J\
oFr———7———— ‘ —_—— = —t=—
| | I
0 ! l | I
-25 0 40 70 85
o
Tamp (°C)
Fig.3 Dissipation as a function of ambient temperature.
w (February 1979 25



2322 018

Table 1
nominal temperature number of code in
resistance coefficient turns catalogue number
value
Q ppm/°C +25%
2,2 110 228
3,3 108 338
4,7 95 478
6,8 136 688
10 —25 to +600 126 109
15 194 159
22 113 229
33 134 339
47 120 479
68 172 689
100 —25 to +25 160 101
150 178 151
220 165 221
330 155 331
470 222 471
680 200 681
1000 297 102
1500 0 to +140 287 152
2200 420 222
3300 398 332
—= 4700 408 472
—» 6800 —~20to +20 366 682
— 10000 538 103
MARKING

The potentiometers are marked at the rear with nominal resistance value (according to 1EC 62),
resistance tolerance, power rating, production code (period and year) and name of manufacturer.

COMPOSITION OF THE CATALOGUE NUMBER
2322018.1...

figure indicating the spindle type

0 = slotted spindle

2 = plain spindle, L = 17 mm

3 = plain spindle, L = 20 mm
4 = plain spindle, L = 30 mm

5 = plain spindle, L = 60 mm |

see Fig.1a

code for resistance value,

figure indicating the tolerance

26
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Wirewound potentiometers
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2322 020

WIREWOUND POTENTIOMETERS

QUICK REFERENCE DATA

Resistance range (E6-series), linear law 2,2-10000 2
Maximum permissible dissipation
at 40 °C 2w
timatic category (1EC 68) 25/085/21

Metal housing, metal spindle

APPLICATION

In professional electric and electronic equipment where accurate and gradual resistance regulation and
high stability are required.

DESCRIPTION

The potentiometer consists of a single layer of resistance wire wound on an insulated former and is
housed in a metal case which at one end has a plastic cover plate and at the other end a moulded zinc
plate with integral threaded bushing and locating pip. The threaded bushing supports the spindie.

Terminals a and c (see Fig. 1) are the end terminals which are of a snap-on type; b is the central terminal
which is connected to the slider through a collector ring and is insulated from the spindle.

The potentiometer is dust-proof sealed.

w (February 1979
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322 020

OUTLINES Dimensions in mm
| |_+O’5—>l _;I_ZdSA -
10,2 | 7,2
J SETF N D B v
L |
6 h9 - l
— - s
t A =
M10x0,75 & X
ol see detail A
15+0,2
detail A
Fig.1a Potentiometer with plain spindle; spindle length L is 17 mm, 20 mm, 30 mm or 60 mm.
— 16
— - -
— 12 |[T2o0s |
o to,os! ;
A J— '
6h9 =54 —t — .
=
] ,
1,7£0,25 f 7276787
Fig. 1b Spindle with screwdriver slot; position of slot is at random.
MOUNTING
The potentiometer is suitable for central mounting on a panel by means of a nut supplied with the
potentiometer (catalogue number of nut 4322 047 00350). The maximum torque for tightening the
nut is 3,5 Nm. See Fig.2 for the required mounting holes in the panel.
A washer has to be used if the panel thickness is less than 1 mm as otherwise it might not be possible
to secure the nut.
+0,1
1017,
_,} e
B
1"
' +0,2
Sl
32+0,1 7276784
Fig.2 Mounting holes.
30 February 1979



Wirewound potentiometers

2322 020

TECHNICAL DATA

Unless stated otherwise, all electrical values have been determined at an ambient temperature of 15 to
25 0C, an air pressure of 930 to 1060 mbar and a relative humidity of 45 to 75%.

For definitions of properties and test methods, see |EC 393—1.
Nominal resistance value (Rp,) between a and ¢

Resistance law

Tolerance on Ry,

Resistance at beginning and end

R gradient
Resistance at 50% of effective angle of rotation

Contact resistance between resistance element and slider

2,2 to 10000 £, see Table 1
linear

+5%

< 2% of Rigtal OF 300 m&2
whichever is greater

0% of Rtotal

50 £ 2% of Riptal

< 1% of Rigtal or 200 mQ
whichever is greater

Temperature coefficient see Table 1
Maximum dissipation between a and ¢ (Fig. 3)
at Tamp = 40 °C 2W
at Tamp = 70 °C 15W
Resolution
Ry, = 2,2 10 68 §2 < 1,5% of Riotal
Rp>68 $2 < 0,8% of Rigtal
Maximum slider current 1A
Maximum working voltage between case
and resistance element 500V (a.c.)
Test voltage between case and resistance element < 1500 V (a.c.) P
Insulation resistance > 1000 M
Ambient temperature range --25 to +85 0C
Storage temperature range -25 to +85 °C
Mechanical angle of rotation 270 = 5°
Effective angle of rotation 265 + 50
Operating torque 7,5to 20 mNm -
Maximum end stop torque 800 mNm
Maximum axial force (push and pull) 100 N <«
dissipation 7276783
(W)
2,0 T
156 b — — — — — — — ‘,.__l_\
. 1 7
1oFr———T7T " " i_ —_——— e —
| | |
0 I | I I
—25 0 40 70 85
0
Tamp (°C)

Fig.3 Dissipation as a function of ambient temperature.
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2322 020

Table 1
nominal temperature number of code in
resistance coefficient turns catalogue number
value
Q ppm/9C +25%
2,2 110 228
3,3 108 338
4,7 95 478
6,8 136 688
10 —25 to +600 126 109
15 194 159
22 113 229
33 134 339
47 120 479
58 172 689
100 —25 10 +25 160 101
150 178 151
220 165 221
330 155 331
o 470 222 471
m— 680 200 681
puesuied 1000 297 102
— 1500 0 to +140 287 152
2200 420 222
3300 398 332
—a 4700 408 472
— 6800 —20t0+ 20 366 682
—= 10000 538 103
MARKING
The potentiometers are marked at the rear with nominal resistance value {according to IEC 62),
resistance tolerance, power rating, production code (period and year) and name of manufacturer.
COMPOSITION OF THE CATALOGUE NUMBER
2322020.2,...
figure indicating the spindle type code for resistance value,
0 = slotted spindle see Table 1
2 = plain spindle, L = 17 mm —figure indicating the tolerance
3= pla!n sp!ndle, L=20mm see Fig.1a of “5%
4 = plain spindle, L = 30 mm
5 = plain spindle, L = 60 mm
32 February 1979
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Wirewound potentiometers
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LP36 - “
LP46 MAINTENANCE TYPES - 2322 095
LP66 2322
LOAD POTENTIOMETERS
RZ 257069 E
Resistance range 0.5 Q to 10 kR
Maximum permissible dissipation at 60 °C 25, 40, 100 W
APPLICATION

In electric and electronic equipment where currentor voltage must be regulated con-
tinuously, e.g. control of motor speeds and control of cha rging currentof batteries.

CONSTRUCTION

The potentiometers consist of a ceramic ring A (see figures on next pages) around
which a resistance wire or ribbon (consuit the Table) has been wound in a single
layer - over about 2800 in the case of 100 W items, and over about 2509 for the
other ratings. A terminal B is fitted at each end of the wire or ribbon. With the
exception of the top side of the coil, the resistance element is coated with a pro-
tective layer or cement which prevents the windings from shifting. The cement is
non -inflammable (melting point about 2000 °C).




2322 095- L.p36

LOAD POTENTIOMETERS LP46

2322 097 LP66

i

A carbon brush C is affixed in a double spring-type runner E, the brush being con-
nected to a terminal F through the intermediary ot a double sliding-contact.

The spring-pressures of the sliding contact and of the carbon brush are independent
of each other. In the case of resistance ribbon, the runner of the 40 W and 100 W
potentiometers is equipped with an extra spring having a height of 2 and 3 mm, res-
pectively .

By means of an insulating piece G and a central screw H, the runner is affixed to
the top of a spindle J which is supported in a sturdy bracket K. A stop prevents the
runner from overrunning the track, whereby the runner is not exposed to torsion.

The protrusion N prevents the potentiometers from turning.
All the metal parts are non-corrosive.

The potentiometers are suitable to be ganged (see section "Ganging").

Dimensions in mm

The spindle‘length L is 17 or 36 mm.

=
G
72480821
Fig.l. Potentiometers 2322 095 ..... ;
1 Qto7.5kQ, 25W
el L 32 ——»
i <10 - ¢ !
E 26 M
i f H  -003 | am
} SING ' i 6
— = L : — ﬁ_{l~r#—u. C—
J @ 4 J —EJ%
3/g"-32NEF”
B &S A ‘ B 35 ) ‘
N’Ely““
L% % - K
M3% F

7248088.1

Fig.2. Potentiometers 2322 096
0.5Qto 10 k2, 40 W
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LP36

LP46 LOAD POTENTIOMETERS 2322 095-
o6 2322 097
B
I<‘0>
r a
Mo[]
L I S
=i A = 4
3/g"-32NEF f
n—E]

K/vv—‘

72480831

Fig.3. Potentiometers 2322 097 .. ... ;
0.75 Q2 to 10 k2, 100 W

Mounting and weight

type N b c panel tl?ickness weight
maximum g
2322 095 10.5 3.5 13.5 5 60
096 10.5 4.8 20 5 95
097 10. 4.8 20 5 240

Fig, 4. Holes for mounting with supplied nut, <«—
7248086 catalogue number 4322 047 00380.

TECHNICAL PERFORMANCE

Nominal resistance values (Rp)
measured between end tags

at P< 0.1 Py see Table
Tolerance on Ry + 10%
Resistance law linear
Temperature coefficient of the resistance (140 to +140) 10“6/deg C
Maximum permissible dissipation
at Tymp = 60 °C (P) see Table

nma ” “
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LP36
2322 095 LOAD POTENTIOMETERS LP46
2322 097 LP66
Maximum permissible current P
at Tymp =60 °C (Imax = Y 1) see Table
at other temperatures see Fig.5
Temperature rise AT as f (P) see Fig.6
Working -temperature range -55 to +100 °C
Insulation resistance > 100 MQ
Effective angle of rotation
25 W, 40 W types 250 + 100
100 W type 280 + 100
Mechanical angle of rotation
25 W, 40 W types 270 + 50
100 W type 300 + 5°
Operating torque
25 W, 40 W types 1 -4.5 Ncm
100 W type 8 - 13 Nem
End stop torque < 200 Ncm
Maximurn axial spindle load 100 Ncm
Life at maximum current > 50000 cycles
72502521
= Fig-5 ~ 140
pl— €
e g
— ;5 120
3100
aE
T 80
60
40
20
% 20 40 60 80 100
* Tamb (°C)
5 400 1230250
£ =
= 300
E xsWy/ o | =
T 200 7 40W =T 100W
o
100 /4
ldl Fig.6
% 20 60 80 100 &
‘ — P(W)

' ' Tuly 1969
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2322 095

LP46 LOAD POTENTIOMETERS
LP66 2322 097
TYPES

Only the types for which Iy is listed in the table are available. If I,y is stated
above the dashed line, the potentiometer is equipped with resistance ribbon.

Table

Pp=25W Ph =40 W - Pp=100W .

Ry number number number code in

@ Imax of Inax of Imax of catalog

(&) windings (1) windings () windings number
0.5 8.9 14 507
0.75 7.3 13 11.5 23 757
1 5.0 23 6.3 14 10.0 24 108
1.5 4.0 22 5.15 21 8.15 23 158
2 3.5 23 4.45 28 7.05 24 208
2.5 3.15 22 4.0 23 6.3 32 258
3.5 2.65 23 3.35 28 5.35 42 358
5 2.2 20 2.8 25 4.45 47 508
7.5 1.8 30 2.3 23 3.65 45 758
10 1.55 41 2.0 24 3.15 43 109
15 1.3 39 1.6 27 2.55 40 159
20 1.1 37 1.4 50 2.2 43 209
25 | 1.0 | 46 1.25 49 2.0 44 259
35 0.84 60 | 1.07 49 1.7 75 359
50 0.70 86 0.89 105 1.4 86 509
75 0.58 82 0.73 99 | 1.15 ] 75 759
100 0.50 109 0.63 132 1.0 143 101
150 0.40 103 0.51 125 0.81 135 151
200 0.35 137 0.44 105 0.70 180 201
250 0.31 108 0.40 132 0.63 142 251
350 0.26 151 0.33 184 0.53 199 351
500 0.22 136 0.28 165 0.44 179 501
750 0.18 204 0.23 157 0.36 268 751
1000 0.15 172 0.20 210 0.31 226 102
1500 0.13 258 0.16 214 0.25 340 152
2000 0.11 345 0.14 286 0.22 286 202
2500 0.10 272 0.12 357 0.20 357 252
3500 0.08 380 0.10 392 0.17 316 352
5000 0.07 343 0.09 417 0.14 450 i 502
7500 0.06 513 0.07 395 0.11 428 752
10000 0.06 528 0.10 570 103

Note - Spare carbon brushes can be supplied under catalog number

4322 048 03670 for 25 W types,

4322 048 01710 for 40 W types, R, < 10 &,
4322 048 03530 for 40 W types, Ry > 10 €,
4322 048 03540 for 100 W types.
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2322 095- L3

LOAD POTENTIOMETERS LP46

2322 097 LP66

T

COMPOSITION OF THE CATALOG NUMBER

095 for 25 W type T T code for Ry,

096 for 40 W type see Table
097 for 100 W type

21 for spindle length L = 17 mm
31 for spindle length L = 36 mm

GANGING

For ganging two load potentiometers, sets are available for the coupling of two items
and comprising the following parts (see Fig.7), packed in a plastic bag:

bracket D,

threaded spindle B, | -
cross pin C, ]

coupling E,

set screws K,
7248085 |

Lmax

D = b= e

retaining rings

Fig.7

The catalog numbers for ordering these sets and the dimensions are:

potentiometers catalog‘number Imax h
coupling set (mm) | (mm)
2322 095 21...
25 W + 4322 048 06480 83 22
2322095 .....
2322 096 21...
40w + 4322 048 06490 95.5 29.5
2322096 .....
2322 097 21...
100 W + 4322 048 06500 129.5 40
2322097 .....

W0 H “ Tuly 1969



LP36
1.P46 LOAD POTENTIOMETERS 2322 095-

LP66 ‘ 2322 097

Ganging procedure (see Fig.7)

The central screw H (Figs.1-3) is removed from the potentiometer A and replaced
by spindle B having a threaded end that is firmly tightened; the other extremity of B
is provided with the round cross-pin C. Thereupon, potentiometer A is attached to
the bracket D by means of the hexogonal nut, and coupling E is slipped over the ex-
truding end of B.

The second potentiometer (G) having a spindle (F) with standard length L = 17 mm,
is now attached to the bracket as well. After placing the runners of both potentio-
meters in the same position, the coupling is affixed to F by means of the two radial
set screws K in the coupling.

When the spindle of potentiometer A is rotated, potentiometer G rotates simultane-
ously through the intermediary of cross pinC and a V-shaped groove inthe coupling.
The potentiometers and the coupling should be adjusted so as to obtain a smoothly
running assembly.

Mounting

The front face of bracket D is equipped with two 4 mm threaded holes, which allow
of fitting two screws through the mounting panel to prevent the ganged assembly
from turning when being attached. In this connection, the panel should be provided
with apertures according to Fig.8.

4-—-——9——>j . ) )
f dimensions in mm

. ___@__ ‘a b c panel thickness
25W | 18 | 20 . <3

. 10.5
1 . 40w | 18 | 30 | 10.5 <3
: wow | 22| 30| 10.5 <2
|

- T T ‘—Jf‘ 7250283







CARBON
POTENTIOMETERS

INTRODUCTION

There are two main groups in our range of carbon potentiometers.

Preset potentiometers (type indication CTP or CMP) are mainly used for eliminating circuit tolerances
during the assembly of electronic equipment or the readjustment of electronic circuits at a later stage.
Four series of preset potentiometers are available:

— CTP18-series: maximum dissipation 0,256 W, dimensions approx. 18 x 20 mm.

— CTP14-series: maximum dissipation 0,2 W, dimensions approx. 14 x 17 mm.

— CTP10-series: maximum dissipation 0,1 W, dimensions approx. 10 x 10 mm.

— CMP-series: rectangular multiturn potentiometers designed for use with television tuners, dimensions
approx. 43,5 x 8 x 5 mm.

Control potentiometers (type indication CP or CSP) are widely used in all kinds of electronic equip-
ment, e.g. for volume, tone, brightness and balance control. Six series of control potentiometers are
available:

— CP23-series: maximum dissipation 0,25 W (linear law), or 0,125 W (logarithmic law), diameter
approx. 23 mm. Single, tandem, twin, and triple types, with or without switch, can be supplied.

— CP16-series: maximum dissipation 0,1 W (linear law), or 0,05 W (logarithmic law), diameter
approx. 16 mm. Single and tandem types, with or without switch, can be supplied.

— CP13-series (knob potentiometers): maximum dissipation 0,05 W, diameter approx. 13 mm.

— CSP60-series (slide potentiometers): maximum dissipation 0,4 W (linear law), or 0,2 W (logarithmic
law), dimensions approx. 87 x 16 x 10,2 mm. Single and tandem types can be supplied.

— CSP40-series (slide potentiometers): maximum dissipation 0,25 W (linear law), or 0,125 W
(logarithmic law), dimensions approx. 68 x 16 x 10,2 mm. Single and tandem types can be supplied.

— CSP25-series (slide potentiometers): dimensions approx. 43,5 x 8 x 5 mm; types with linear or
logarithmic law are available.
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CARBON
POTENTIOMETERS

GLOSSARY OF TERMS

Preset potentiometers — Potentiometers of simple construction, in general without ‘spindle, encapsula-
tion and mounting facilities. They are specially suited for applications where a comparatively small
number of movements are required during their life.

Control potentiometers — Potentiometers of more complicated construction, provided with spindle,
encapsulation and mounting facilities, and suited for applications where a large number of movements
are required during their life.

Single, tandem, twin, triple potentiometers

Single potentiometers are control potentiometers comprising one resistor unit. Tandem potentiometers
are control potentiometers comprising two identical resistor units controlled by one spindle. Twin
potentiometers are control potentiometers comprising twoe resistor units controlled by separate concen-
tric spindles. Triple potentiometers are control potentiometers consisting of one single and one tandem
potentiometer, controlled by separate concentric spindles.

Switches — Mains-voltage or battery-voltage switches, fitted to the potentiometers and controlled by the
potentiometer spindle.

- Nominal resistance (Ry,) -- Nominal value of the resistance between the end terminals a and ¢ (Fig. 1),
with the spindle in fully clockwise or counter-clockwise position.

72610032

Fig. 1 Potentiometer viewed from the spindle end.

Resistance law — Relation existing between the resistance value measured between the slider terminal
(b) and the designated end terminal (a), and the mechanical position of the actuating device (Fig. 2).

100%0 ]/‘—-— 92610071
)
/ / / a = linear;
¥ b b = logarithmic;
// ,_j ¢ = reversed logarithmic;
// // d = with tap;

/Ay E‘Rl’A e = balance.

74
c//yg(RZJ ;
i
]

resistance
|

0%
0% slider displacement 1000

Fig. 2 Resistance laws.
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Introduction CARBON
POTENTIOMETERS

Terminal resistance — Minimum resistance that can be obtained between either end terminals (a or c)
and the slider terminal b (see Fig. 3). Where there is no measurable change of resistance between the
end stop and the point where the minimum effective resistance is observed, the terminal resistance and
the minimum effective resistance become the same.

Minimum resistance at the tap — Minimum adjustable resistance between the tap terminal d (Fig. 1} and
the slider terminal b.

Contact resistance (RC) — Resistance between resistance element and slider contact.

Contact resistance variation (CRV) — Change of the resistance between the resistance element and the slider
slider contact, when it is moved at a defined speed.

Maximum attenuation — Maximum adjustable attenuation when the potentiometer is used as an attenu-
ator (see Fig. 3).

Riot
A

ao—_] —oc¢

Re Rotap

7Z61006.1

b d
Fig. 3 Diagram of potentiometer; spindle in fully counter-clockwise position.
Terminal resistance: (Rg + R¢) £2.

Maximum attenuation: 20 log =—2- dB.
Rtot

(Voltage between a and b measured currentless; the value of Ry is negligible.)

Maximum dissipation (Py,ax) — Maximum amount of power which can be dissipated at a given ambient
temperature, when the potentiometer is continuously loaded between the end terminals a and ¢ (Fig. 1)
and mounted on a steel panel of 100 x 100 x 1,5 mm (or on a panel of phenolic paper for types with
printed-wiring pins). '

Maximum voltage (Emax) — The maximum voltage that may be applied is calculated from maximum
dissipation (Ppax) and nominal resistance (Rp)): Emax =+/Pmax-Rn. provided that the limiting element
voltage is not exceeded.

Limiting slider current — Maximum current that may be passed between resistance element and slider
contact.

Insulation resistance — Resistance measured between interconnected terminals and all other external
metal parts.

Test voltage — Voltage to be applied for one minute between interconnected terminals and other
external metal parts.

Ganging tolerance — Maximum difference between the adjusted resistances of the two sections of a

tandem potentiometer (expressed in dB).
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Mechanical angle of rotation — The full extent of the travel of the actuating device between the end

stops (Fig. 4).

Effective angle of rotation — That angle throughout which the resistance law is applicable (Fig. 4).

Switching angle — That angle over which the switch has to be actuated from the off to the on positior,

or vice versa (Fig. 4).

Backiash of the rotary switch — That angle over which the spindle has to be rotated before actuating

the switch from the off to the on position (Fig. 4).

g
e
g
2
2
o
°
h |
|
Il
terminal ‘ 1 ] ;
resi T
' ->/1<. angle of‘rotution
backlash | | effective angle of rotation ‘.--\

+| ; |4—— mech. angle of rotation ——»

switching
angle

Fig. 4a.

7261005

mech. angle

of rotation

effective angle
of rotation

7261004
switching backlash
angle

Fig. 4b.

Backlash of potentiometer with push-pull switch — That angle over which the spindie can be rotated

before it causes any resistance change.
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CP16-SERIES

16 mm CARBON CONTROL POTENTIOMETERS

QUICK REFERENCE DATA

Resistance range
linear resistance law

220 2-4,7MQ

logarithmic resistance law 1kQ2-2,2 MQ
Maximum dissipation at 40 0C
linear resistance law 0,1wW
logarithmic resistance law 005w
Climatic category (1EC 68) 10/070/21
RZ28692-3

APPLICATION

These potentiometers are widely used in video and audio equipment.

DESCRIPTION

The CP16 carbon control potentiometer series includes two types:

— single potentiometers, for general purposes,
— tandem potentiometers, for stereophonic purposes.

The singie potentiometers comprise a carbon track, which is fitted on to a base plate of resin-bonded
paper and housed in a metal case. The terminals a and ¢ (see Types) are connected to the ends of the
carbon track; terminal b is connected via a contact ring to the slider contact. The potentiometers can
be supplied with a tap (d) at 46% (single) or 50% (tandem) of the total mechanical angle of rotation.

The potentiometers are provided with plastic or metal spindles.

The tandem potentiometers are composed of two carbon tracks, on base plates of resin-bonded paper,
in one housing. The base plates are placed in such a way that the tracks are opposite each other.
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CP16-SERIES

—= The single potentiometers can be delivered without switch or with a rotary switch; the tandem

potentiometers are only supplied without switch. Both types are available with different connecting
terminals, mounting facilities and spindles, see below.

Types
L2035 w=-07 -
302 ‘ | 16,8 0,1-my
P e |
—
Fig. 1 Single potentiometer with mounting bushing. For dimensions d and L, see Spindles.
—
o [+ LE0,35 —m=-97 oy [ 16.8201 >
mm—— | i+ 16,2401 o
—
—
—
Fig. 2 Single potentiometer with twist tags. For dimensions d and L, see Spindles.
*LtO,SS*I 13,7402 |-
43202 | ~+-16,8%0,1 }l
S |
| / L” I O T 5x0n
| 0 I 1,2:0,1—»{“< R
2,2%02
—
";ZGiO,Z“
Fig. 3 Tandem potentiometer. For dimensions d and L, see Spindles.
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16 mm carbon control potentiometers

CP16-SERIES

Switches
Single-pole, single-throw, rotary switch (s.p.s.t.).

I P1

72980272

L)
21,6%0,05

16,8

.76 e
+0,1

Fig. 4a Circuit in off-position
of spindle {spindle turned fully
counter-clockwise).

Fig. 4b Single potentiometer
with s.p.s.t. rotary switch
(spring actuated).

Fig. 4c Single potentiometer
with s.p.s.t. rotary switch
(direct operating).

w May 1979
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CP16-SERIES J L

Connecting terminals

—
A I
Fig.5 Solder tags.
20] | Il
45402 or
WE005 > c :, 9,31002 7261026 ;?.;Z
5,08)5,08
msens (e M ae)
Fig.6 Long or short printed-wiring pins (single potentiometer).
125+0,
IREREN
- 2201+ 02 e
45%02 or
1,1£0,05 | o i 93+02 n L
25 >l e
72786601 (2e)"(2e) 22989652 = 254
Fig.7 Long or short printed-wiring pins (tandem potentiometer).
T I
) N
f""\ d _ 1T
ﬂ i
T el
\
| 7Ty ) ~
B 7 INZEEREN
a:
N
f'} } T
—
; |5.08)508] + e
ramses izl ize) e=254

Fig.8 Printed-wiring pins, bent backwards.
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16 mm carbon control potentiometers

CP16-SERIES

Mounting facilities

required mounting
holes in chassis

fixing of
potentiometer

with supplied
mounting nut;*
mounting bushing > 71%01 (- max torque
M7 x 0,75 iﬁﬂ } for tightening
_Q} ‘__ =1Nm;
' min thickness
. 76201 la of chassis
=1mm
twist tags
P by twisting
297 - ,O, ; the tags
o ﬂ ,,
ﬂi —el54021e— | —
06%0.2 —sllur —
162401 - —
* Catalogue number of mounting nut: 4322 047 00370.
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CP16-SERIES

Spindles
type off position L L1 material
mm mm
10
12
15
17
(w?e’t‘gﬂ v i‘m‘]s” . 19 metal
— = e @_ 20 or
4005 N, 22 plastic
Iplastic) 24
25
28
30
3.0, (metan- ~ 30 (prastic) I -
‘ (= L2035 » 10 3,5 metal
— (metai) § e [+\90°15° 15 8,5 or
0 AT B () 20 8,5 plastic
4-0,05 20 13,5
(plastic)
S .
o
L 0°+5° »’o 5
— v N 15 9 lastic
R I : P
0.8:+0.05
-1, E020
7’81:0.35<
4h3 03r005 | o
(metall y e metal
— . -
W 0 o
-0.05 plastic

(plastic) |
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16 mm carbon control potentiometers

CP16-SERIES

TECHNICAL DATA

Unless otherwise specified, all values have been determined at an ambient temperature of 15 to 35 ©C,
at atmospheric pressure of 960 to 1060 mbar and a relative humidity of 45 to 75%.
For measuring methods, see IEC publications 190 and 68. For the terms used, the ""Glossary of terms’’
should be consulted.

nominal resistance max. max. max. max. limiting
resistance law voltage terminal attenuation contact slider
according to | at 40 °C resistance resistance | current
Figs 9 at 40 °C
Rp* and 10 \ dB % Rn mA
220 Q a 4,5 5 Q - 4 21
470 Q a 7 5 Q - 4 14,5
1 k@ a 10 5 Q - 4 10
2,2 kQ a 14 5 Q - 4 7
4,7 k2 a 22 5 Q — 4 5
10 k& a 31 10 Q2 - 4 3,2
22 k& a 45 20 Q - 4 2,2
47 k& a 70 35 — 4 1,5
100 k& a 100 100 Q - 4 1,0
220 k&2 a 140 125 @ - 4 0,7
470 k2 a 220 250 Q - 4 0,5
1 MQ a 310 1 k& — 4 I 032
2,2 MQ2 a 460 2 k8§ - 4 0,22
4,7 MQ a 500 5 k&2 — 4 0,14
1, k& b 7 5 Q 50 6 7
2,2 k& b 10 5 Q 50 6 ]
4,7 kQ b 15 5 Q 60 6 | 32
10 k& b 22 10 Q2 60 6 22
22 k& b 31 20 60 6 | 15
47 k&2 b 50 35 Q A 60 A 6 [ 10
100 k&2 b 70 50 Q 70 6 | 07
220 k2 b 100 50 Q 80 6 [ 0,5
470 k& b 155 100 80 6 | 032
1T MQ b 220 200 Q2 80 6 0,22
2,2 M2 b 310 500 £2 80 6 0,15

* Measured between terminals a and c; for potentiometers with a tap, between terminals a and d and
between ¢ and d.

A Measured between terminals a and b; spindle turned fully counter-clockwise.
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nominal resistance max max max max limiting
resistance law voltage terminal attenuation contact slider
according to | at 40 ©°C resistance resistance current
Figs.9 at 40 °C
Rp* and 10 Y dB % Rn mA
1 k& c 7 20 Q 50 6 7
2,2 k82 c 10 40 Q 50 6 5
4,7k c 15 00 & 60 6 3.2
10 kQ c 22 200 60 6 2,2
22 k& c’ 31 250 60 6 1,56
47 k& c 50 500 Q |t 60 6 1,0
100 k& c 70 2 kQ 70 6 0,7
220 kQ c 100 2,5k 80 6 0,5
470 k& c 155 5 k& 80 6 0,32
1 MQ c 220 10 k& 80 6 0,22
2,2 MS) c 310 20 kQ 80 6 0,15
5+ 42kQ d 50 40 Q 60 6 1,0
20 + 200 k&2 d 100 50 Q l A 80 j 6 0,5
50 + 420 kQ d 155 470 Q ‘ 80 l 6 0,32
100 + 900 k2 d 220 200 Q 80 4] 0,22
2+ 8kQ | e 22 0 Q 60 , 6 2,2
5+ 17k e 31 2 Q 60 6 15
10+ 37k e 50 a7 0 60 } 6 1,0
20+ 80k e 70 100 Q & 70 6 0,7
50+ 170 k2 e 100 220 Q I 80 ’ 6 0,5
100 + 370 kQ2 e 155 600 ; 30 | 6 0,32
0,5+ 1,7 MQ2 e 310 2,2k 80 | 6 0,15
10 k& f 22 — - 6 2,2
22 k&2 f 31 - - 3] 1,5
47 k&2 f 50 - — 6 1,0
100 k&2 f 70 — — 6 0,7
220 k&2 f 100 - — 6 0,5
470 k& f 155 - — 6 0,32
1T MQ f 220 — - 6 0,22

* Measured between terminals a and ¢; for potentiometers with a tap, between terminais a and d
and between ¢ and d.

1 Measured between terminals ¢ and b; spindle turned fully clockwise.
A Measured between terminals a and b; spindle turned fully counter-clockwise.

56

May 1979



CARBON POTENTIOMETERS CP16-sErIES

R (/o Ryopq)

R (%0 Rygta)

7261071

00 1 100
L 3 ;
| 5
80 < 80 -+
d E 2 /1
T = |
60 L : 60— Ji / ]|
| L
! + I
40 + 40 1~
|
B T
! |
20 : I 20 _ / :
| | S — T I
I | [2;0 t 4 260
0 - I 15 ey _.‘ 1 i
0 17 50 100 135 200 270 (U 50 90 150 180 200 270
angle of rotation (degrees) angle of rotation (degrees)
Fig.9a. Linear resistance law, Fig.9b. Logarithmic resistance law,
single potentiometers. single potentiometers.
s _‘_‘1>7_1_‘_ N - lz|s|ov9 . 100 i ’ fzs' 20
Rp— e — T — — | 3 ;
< ¥ { 3 ! l / t
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/ I ! ! y / J
20 / - f f 20
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/1 | . T
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Fig.9c. Reversed logarithmic Fig.9d. Resistance law, tapat 10%,
resistance law, single single potentiometers.
potentiometers.
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Fig.9e. Resistance law, tapat 20%,
single potentiometers.
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CP16-SERIES

CARBON POTENTIOMETERS

7261599

100 T
= I // |
i |
© 80
: O
R }
60 / |
{ [
I
|
40
ya } |
S I~
|
20— T
| // } |
0 b ‘ |
015 50 100 150 200 250 285
angle of rotation (degrees)
Fig.10a. Linear resistance law,
tandem potentiometers.

100 T AL L
- o - —h 152
3 i |
] — 7 ! i
< | | |
I3 B R T T

w ) | I

' 4 [ [
et - .._J’ SR ‘l; i
40 f | ! S !
/ | I |
/ B 1 |
20 } ; b
/ | | r
. L] L |
0 15 50 100 150 200 250 285
angle of rotation (degrees)
Fig. 10c. Reversed logarithmic
resistance law, tandem
potentiometers.

100 7261505
E //I
z |
© 80 t
< [ |
'3 4 i

60

I [

I ! / f

490 |
,__H!A

20 4

|

!

0 -
0 15 50 100 150 200 250 285

angle of rotation (degrees)

Fig. 10e. Resistance law, tapat 20%,
tandem potentiometers.
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* 80—
2 /|
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! I
A
20 —
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150 200 250 285

angle of rotation (degrees)

Fig.10b. Logarithmic resistance
law, tandem potentiometers.

7261596

100 T N
A."a L |
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[ |
pot 4
60 I
[
/ f
/ |
/ 1
20— A f
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Fig. 10d. Resistance law, tap at 10%,
tandem potentiometers.
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Fig. 10f. Resistance law,
balance potentiometers.
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16' mm CARBON CONTROL CP16-SERIES
POTENTIOMETERS

Tolerance on the nominal resistance +20% 1)
Resistance law and tolerances see Figs. 9 and 10
Ganging tolerance 2y

linear resistance law

~ at values between 10 and 90% of Rigtal < 2dB
(reversed) logarithmic resistance law
at attenuations between 0 and —20 dB < 2dB
at attenuations between -20 and -30 dB < 3dB
at attenuations between —30 and -40 dB < 4 dB
with a tap -—
at attenuations between 0 and —20 dB < 2dB
at attenuations between -20 and —30 dB < 3dB
at attenuations between —-30 and -34 dB < 4dB
Minimum resistance at the tap = 1,5% of Rp
Insulation resistance, initially > 1000 M2
after damp heat test
(IEC68, testC, 21 days) > 25 MQ
Maximum dissipation at 40 °C .
linear resistance law, acc. to Figs. 9a, 10a 0,1 W
resistance law, acc. to Figs. 9b(10b) to 9e (10f) 0,05 W
Test voltage 1000 V, 50 Hz
Working temperature range -10 to +70 °C
Storage temperature range -25 to +70 °C
Category (IEC68) 10/070/21
Operating torque 5 to 20 mNm
Permissible torque with slider at end stop plastic metal T ow—
plain spindles = 500 mNm = 600 mNm
spindles with flat face < 400 mNm <= 600 mNm
spindles with screwdriver slot < 250 mNm <= 600 mNm
Permissible axial spindle load
single potentiometers < 100 N} g S1I00N }
tandem potentiometers = 100 N = 60N push
Axial spindle play < 0,8 mm
Radial spindle play, measured with 2,5 N
at 1 cm from the mounting plane
potentiometers with mounting bushing = 0,2 mm
potentiometers with twist tags < 0,5 mm
Effective angle of rotation, single 235 - 250°
) tandem 265 - 275°
balance range of balance, half the
effective angle of rotation:
20 £ 10°

Rg: 125+10° (counter- clockwise)
Ry: 125+10°(clockwise)

1y For potentiometers with a tap the tolerance on Rad as well as on Rdc = £ 20%.
2) For tandem potentiometers only.




CP16 -SERIES 16 mm CARBON CONTROL

POTENTIOMETERS

Mechanical angle of rotation
Single potentiometers, without switch
with switch
tandem potentiometers

Life

~ mechanical angle

™ ~of rotation
/ /H\
effective angle
// — of rotation

end stop 0°7 %
(without 26
switch) /

end'stop 7261590.2
(with switch)

Fig.1la. Angles of rotation of single
potentiometers with or without switch.

270 +5°
292 + 50
300 +5°

after 10000 cycles AR¢gta]
< 25% of Riotal

mechanical angle
_~of rotation

effective angle
— of rotation

end stop

72615912

Fig.11b. Angles of rotation
of tandem potentiometers.
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16 mm carbon control potentiometers

AN

CP16-SERIES

switch type -

s.p.s.t. rotary s.p.s.t. rotary

spring actuated direct operating
Breaking capacity 12Vd.c,2A 12Vdec,2A
Contact resistance, initially <10 m& <10 m&2
after 10 000 on-off switching operations at < 50 mQ* <50 m2*

breaking capacity

Insulation resistance®* initially > 10 MQ > 10 MQ
after damp heat test (IEC 68, test C,, 21 days) > 2 MQ > 2 MQ
Test voltage for 1 min**, initially 500 V (d.c.) 500 V (d.c.)
after damp heat test (IEC 68, test C,, 21 days) 100 V (d.c.) 100 V (d.c.)
Switching torque 15 to 40 mNm 12 to 30 mNm
Switching angle 26 + 20 26 + 20
Total mechanical angle of rotation 295 + 50 295 + 50
Backlash <109 < 100
Permissible axial spindle load < 100N <100 N
MARKING PP

The potentiometers are marked with the nominal resistance value, resistance faw, period and year of

manufacture.

*  Averaged over 10 measurements: < 25 m{2.

** \easured between the terminals, and between interconnected terminals and the case or other metal

parts.
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16 mm CARBON CONTROL

CP16-SERIES

POTENTIOMETERS

"y18uay

wu ¢ ‘g yo surd m-d

pue Surysng Surjunow
mm sqqerreat ATuQ (g

+3urysng Suryunouwr
M afqefreae AuQ (g

09° = 31OTS IDAIIPMAIOS [IIM 0T* = OIS ISATIPMIIOS UIIM
8, = ww g | (onserd Lquo) 8z = ww o7 | (onserd £[uo)
LL = WW G ¢ parInuy LT =Wl GT o pafInwy
9L =wuw 0T 97" = wuw 01
96 = ww (s°¢T = I7) 0g 9p* = ww(§eT = 17) 0g
g6 = ww (g3 =Tog | ¢pr=ww(s’s =IT)og | o
pe = wui(s'g =Iper [ ¥ ppe=ww(g'g = IT)gr [ 0
z6" =wmm(c‘c =Tmor | ¢y =ww(g‘e = I7) 01 e
€67 = wu 0og €0° = wuw og
7S° = wuw gg ¢0° = wu g7
16" = ww g7 10" = ww 67
69" = Wt ¢ 61" =wWuw g
L9 =Wt 77 L1 =W 77
§9* = wuw (g urerd ST* = wuw (g urerd
97 =Wt 61 I =W 6T
€9 =Wt L7 €T =wu LT
¢9 " = wur G 1" =wu g1
6S° = Wt 71 60 = ww 71
19" = W 01 I1° =W 01
o <o 9 R 5 -z ) 0 7 7z - 0
arpulds |aputds | sputds | appurds |o1puids | opurds |afpurds [apurds| | spurds|apurds | apurds| spurds
onserd | elaw | oryserd| [eiswl | omserd| (ervwt | omyserd| (elowt oriserd| Telsw |omserd| Telow
s8ea Surysnqg sSey Surysnq s3ey Surysng
1STM] Surjunow ISIM] Surjunow 1SITM] Bunyunow
wut ¢ ‘g yzduay ‘surd ‘md wwt ¢ ‘% yiduar ‘surd *m-d s8e3 I9ptos
T

MOToq 91qe1 99S ‘20UBISISAI
TBUTWIOU PUB MB] 90UBISISOI I0J P00

T
y33uo1 pue 2dA3 apurds
‘A3171o®] SUrjUNOW ‘STRUIWIIS) IO 9POD

11

68€ = AN SpIemdeq Juaq
_surd ‘mrd yarm ‘qoims
moyITM ‘o13urs

18¢ = (Sunzexado 3109x1p)
yo3ims Axejox

‘3's+d's yum ‘o18urs

18¢€ = Aﬁ (payemioe 3urads)
yo3tms Axejox

‘3°s+d-s yam ‘o18urs

06¢ = urapue) youms
08¢ = °13urs mnoyITm

Tt eeee

YFIWNAN ANDO0TVLVD FHL 40 NOILISOdWOD

yoimms pue 2d43 103 9pood

LY PR Nale ZaY

62



CP16-SERIES

*sxajowonuajod wapue) 10y ATUQ x

3sanbax uo paryddns
3q UEd ‘YOJIMS INOYIIM ‘(SUOTSISA YOT[D 9IIUSD PUB YOI[O [F ‘MOI[O [T) SIalatmoriualod jusia

(23]

16 mm CARBON CONTROL

POTENTIOMETERS
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CP23-SERIES

23 mm CARBON CONTROL POTENTIOMETERS

QUICK REFERENCE DATA

Resistance range
linear resistance law
logarithmic resistance law

Maximum dissipation at 40 °C
linear resistance law
logarithmic resistance law

Climatic category (IEC 68)

220 2 - 4,7 M2
1k -4,7 Q2

0,25 W
0,125 W

10/070/21

APPLICATION

The potentiometers are widely used in video and audio equipment.

w (May 1977 65



CP23-SERIES

DESCRIPTION
The CP23 carbon control potentiometer series includes four types:

— single potentiometers, for general purposes;

— tandem potentiometers, for stereophonic purposes;

— twin potentiometers, for combined controls;

— triple potentiometers, for combined stereophonic purposes.

The single potentiometers comprise a carbon track, which is fitted on to a base plate of resin bonded
paper and housed in a metal case. The terminals a and c (see Types) are connected to the ends of the
carbon track; terminal b is connected via a contact ring to the slider contact. The potentiometers can
be supplied with a tap (d) at 40% of the total mechanical angle of rotation. The material of the spindle
is plastic.

The tandem potentiometers are composed of two single potentiometers which are ganged; their resist-
ance values and gradings are identical within narrow limits. -

The twin potentiometers are composed of two single potentiometers R1 and Ro; potentiometer R1 is
operated by means of a hollow steel spindle or a hollow plastic spindle, through which a steel spindle
protrudes for the operation of potentiometer Rs.

The triple potentiometers consist of one single potentiometer (R1) and one tandem potentiometer
(Ro and R3); operation is done as for the twin potentiometers.

Single, tandem and twin potentiometers can be delivered without switch, with rotary switch or with a
push-pull switch; triple potentiometers are only available without switch.

i Single and tandem potentiometers are available with different connecting terminals, mounting facilities
— and spindles.
- Types
For dimensions d, L and L1, see Spindles.
L £ 05— 11
! - e
*0,2 1
! !
= — . 23
¢ /‘ l locating
M10x0,75 . pip
Fig. 1a Single potentiometer with mounting bushing.
23
iy 4
Fig. 1b Single potentiometer with twist tags.
66
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23 mm carbon control potentiometers CP23-SER|ES

-
+0 S
6-0,05 T
] v
bl’ﬁ_ S — = - 23
4 [} l
M10x0,75/

R1 R2  7zs02u28

Fig. 3 Twin potentiometer.

tod ¥

) ;

T V(e <—

l S 26,6

= ‘(o &0 l

\ \ ©0O© o
R1 R2 R3  7zei0es a b oc [

Fig. 4 Triple potentiometer.
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CP 2 3 -SERIES

CARBON POTENTIOMETERS

Switches

. circuit in "off"-position| position of Fi available with po-
ype of spindle 1y terminals & | tentiometer type
single-pole, o P1 5 single
single-throw 4 P2 6 tandem

rotary switch |T 6 twin

.p.s.t. P2 ’

(s.p.s-t.) 45

single-pole, P 1 7 single
double-throw $ 8 tandem

rotary switch oy T’Fz twin
(s.p.d.t.)
double-pole, Pl P 9 single
single-throw F{’_VL 10 tandem

rotary switch Pa? - 10 twin
(d.p.s.t.) 7261000

double-pole, L P1 11 single
single-throw }%’_‘1J> 12 tandem
push-pull switch 12 twin

2A (d.p.s.t.)

PST P2

7261001

1) Spindle turned fully counterclockwise for rotary switches or pushed in for push-

pull switches.

68
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CARBON POTENTIOMETERS

CP23 -seriEs

—_— $1,4:2005

Fig.5. S.P.S.T. rotary switch
(single potentiometer).

’«17 %‘

~5£0,2

$1,6£0,05

72680181

Fig.7. S.P.D.T. rotary switch
(single potentiometer).

;<.~— 26— <-65+0,2

7268019

Fig.9. D.P.S.T. rotary switch
(single potentiometer).

-~ 24 —> [+ 65202

="

Fig.11. D.P.S.T. push-pull switch
(single potentiometer).

Fig.6. S.P.S.T. rotary switch
(tandem or twin potentiometer).

P1,4+005

SR
R1

R2

Fig.8. S.P.D.T. rotary switch
(tandem potentiometer).

<65+0,2

Fig.10. D.P,S.T. rotary switch
(tandem or twin potentiometer).

Fig.12. D.P.S.T. push-pull switch
(tandem or twin potentiometer).

I
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CP2 3 -SERIES

CARBON POTENTIOMETERS

Connecting terminals

tlle 042002
l*254 (e)
-+l le-47+005

a
11201 -+

1152402
(6,

-

e) 726002

!
7280997 e=2.54

Fig.14 Long printed-wiring pins, pin distance 15,2 mm (6e) (single potentiometer), 1)

254e) ?i~ »lle04x002
472005 |<
102 ]
e ™

11+o1+ll" ’

15, 2+02

mmas 3

> e
7260998 e=2564

Fig.15 Long printed-wiring pins, pin distance 15,2 mm (6e) (tandem potentiometer). l)

tile0s+002
{254 (e)
ol iwu2005

72680142

>l |
7260997 ex254

Fig.16 Short printed-wiring pins, pin distance 15,2 mm (6e) (single potentiometer). 1)

254(e) l’< J‘Louo,oz
472005 > |=

102 ]
il e

11:01-"[

AN

I
M

;4‘
15 2+02L_
Be)

AW
)N

ZS

7268015.2

B g
7280998 =254

Fig.17 Short printed-wiring pins, pin distance 15,2 mm (6e) (tandem potentiometer). Ly

1) Twin and triple potentiometers with printed-wiring pins are available on request.

woal
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CARBON POTENTIOMETERS

CP23 -sERIES

Mounting facilities

mounting facility

required mounting fixing of

holes in chassis

potentiometer

mounting bushing

with supplied

- 8.
M10 x 0,75 % ; 109431 1= mounting nut 1);
"1 max. torque for
= tightening = 3,5 Nm;
K min. thickness of
M10x0,75 chassis = 1,5 mm
Fig. 18
twist tags U i by twisting the tags
Note - Not for twin i -~ )
and triple potentio- Er '?' - "#‘J‘I" ki

meters

72990732
72609871

1) Catalogue number of mounting nut: 4322 047 00350.

I



CP 23 -SERIES CARBON POTENTIOMETERS

HIH

Spindles
type "off position" L Ly available with
(mm) (mm) potentiometer type
17
+— L+05 —»1 18
v i i 19
O e
1280908 29 e
- 25 tangem
30
35
40
60
70
90
18 8.5
25 13.5
28 13.5
30 13.5 single
L¥YT e LE0S 30°+5° 35 13.5 tandem
v ‘ A 0 135
6 0 t - ] ___@ ’
005 pmEes ' 60 13.5
RURC e 7260950 70 13.5
90 13.5
——
18 8 ingle
T
60 12
single
-'111;02'5|* 30°45° tandem
| |
1 / (not for
6 80s ‘-Zﬁ S~/ potentiometers
¥ . i -
2250892 with push-pull
switch)
30.5 18 } twin
42.5 30 triple

— Note- For potentiometers with push-pull switch the length L applies to "off-position”
of switch.

72 || H Maxr 1070



23 mm carbon control potentiometers

CP23-SERIES

TECHNICAL DATA

Unless otherwise specified, all values have been determined at an ambient temperature of 15 to 35 ©C,
an atmospheric pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

For measuring methods, see |EC publications 190 and 68. For the terms used, the Glossary of terms
should be consulted.

nominal resistance max voltage (V) max max max limiting
resistance law terminal attenuation |contact slider
according to resistance resist. current
at 40 °C
Rp* Fig. 20 at 40 0C | at 70 °C dB % Rp mA
220 Q a 7.4 5,7 107 Q — 3 40
330 Q a 8,7 6,7 10 Q - 3 30
470 Q a 11 8,4 10 Q - 3 22
1 k& a 16 12 25 Q - 3 16
2,2 k§2 a 23 18 25 Q - 3 11
4,7 kS a 34 26 25 Q — 3 7
10 k& a 50 39 35 Q - 2,5 5
22 k& a 74 57 35 Q - 2,5 3,6
47 k& a 110 84 35 Q — 2,5 2,2
100 k& a 160 120 100 Q - 2,5 1,4 -
220 k§2 a 230 180 125 Q - 2,5 1,0 -
470 k& a 340 265 250 Q - 2,5 0,65 -
1 kQ a 500 390 1T kQ - 2,5 0,45 -
2,2 MQ a 500 500 2,2 k2 - 2,5 0,32
4,7 MQ a 500 500 4,7 k2 - 2,5 0,22
470 Q b 8,4 6,9 5 Q - 6 14 -
1 kQ b 12 10 5 Q 50 4 10
2,2 k2 b 18 15 5 Q 60 4 7
4,7 k2 b 26 22 5 Q 60 4 4,5
10 kL b 39 32 10 Q 60 4 3,2
22 k& b 57 47 22 Q a 60| , 4 2,2
47 k& b 84 69 35 Q 70 4 1,4
100 k& b 120 100 50 Q 70 4 1,0
220 k& b 180 150 50 Q 80 4 0,7
470 k& b 265 220 100 80 4 0,45
1 MQ b 390 320 500 Q 80 4 0,32
2,2 M2 b 500 470 2,2 k2 80 4 0,22

* Measured between terminals a and c¢; for potentiometers with a tap, between terminals a and d and
between ¢ and d.
A Measured between terminals a and b; spindle turned fully counter-clockwise.

w May 1979 73



CP23-SERIES

nominal resistance max voltage (V) max max max limiting
resistance law terminal attenuation [contact | slider
according to resistance resist. current
at 40 °C
Rp* Fig.20 at 40 0C |at 70 °C dB % Rpy mA
330 Q c 6,7 5,5 20 & - 6 20
470 Q c 8,4 6,9 20 Q — 6 14
1 Kk c 12 10 50 Q 50 4 10
2,2 k2 c 18 15 50 Q 60 4 7
4,7 kQ c 26 22 100 & 60 4 4,5
10 Kk c 39 32 200 Q 60 4 3,2
22 k@ c 57 47 250 Q 60 4 2,2
47 k& c 84 69 500 £ [t 70 |t 4 1,4
100 k& c 120 100 2 k& 70 4 1,0
220 k& c 180 150 2,5 kQ2 80 4 0,7
470 k2 c 260 220 5 kQ 30 4 0,45
1 MQ c 390 320 20 kQ 80 4 0,32
2,2 M2 c 500 470 44 kQ 80 4 0,22
20 + 200 k& d 180 150 50 Q 80 4 0,7
50 + 420 k2 d 265 220 100 Q l N 80 ] A 4 0,45
100 + 900 k2 d 390 320 500 Q 80 4 0,32
02+ 2MQ d 500 470 2,2k 80 [ 4 0,22
0,56+ 1,7 kQ e 18 15 5 Q 60 4 7
5+ 17 kQ e 57 47 22 Q 60 4 2,2
10+ 37 k& e 84 69 47 Q 70 4 1,4
20+ 80 k& e 120 100 100 Q x 70 N 4 1,0
50+ 170 k2 e 180 150 220 Q 80 4 0,7
100 + 370 k&2 e 265 220 470 Q 80 4 0,45
200 + 800 k&2 e 390 320 1 k& 80 4 0,32
0,5+ 1,7 MQ e 500 470 2,2 k2 80 4 0,22
400 + 600 k&2 f 500 390 1 kQ a 60 R 25 0,45
200 + 100 k2 g 210 170 3 k& - 4 0,7
22 k& h 50 35 — - 4 3,6
47 Kk h 80 55 - - 4 2,2
100 k& h 110 80 - - 4 1,4
220 k& h 160 110 - — 4 1,0
470 kQ h 250 175 - - 4 0,65
1T MQ h 350 250 - — 4 0,45

* Measured between terminals a and c; for potentiometers with a tap, between terminals a and d and
between c and d.

T Measured between terminals ¢ and b; spindle turned fully clockwise.

A Measured between terminals a and b; spindle turned fully counter-clockwise.
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R (%o Ryotar)

R (%o Rgotar)

R (%o Ryotal)

00

80 A /

60

40 /

7261003

Wl

71T

—_

R (%/o0 Ryotar)

1261010

" /1
7
. v
7
40 /

7

-

00

|

|

20 // 20 Va :

7 sfF———F—— —= 3 T

0 i 15t |
0 23 50 100 150 200 250 280 300 0 23 50 150 200 250 280 300
angle of rotation (degrees) angle of rotation (degrees)

Fig. 20a. Linear resistance law. Fig. 20b. Logarithmic
resistance law.
U —— E— 726101 100 2261012

2k———+ P § e —é {

€ g |

80 ) 7 2 I

- J

© t

|

T

60 /

I
-
|
|
|
|
}
T
|
I
|
|
}
T

20 /

1
% % 0 100 150 200 250 280 300
angle of rotation (degrees)
Fig. 20c. Reversed logarithmic
resistance law.
00 7261013
v
80 //
60 /

40 /
20 / !
—] |

'
100 125 150

4

+
200 250 280 300
angle of rotation (degrees)

Fig. 20e. Resistance law,
tap at 20%.

60 /

40 /
20 /
V
_/
o i
%= s 100 125 150 200 250 280 300
angle of rotation (degrees)
Fig. 20d. Resistance law,
tap at 10%.
100 7261014

80 / [

/

60 /

40 v
/T

N
»

0 23 50 100

R (%0 Ryctar)

I
]
|
|
!

|
1
|
Il
+
|
12 200 250 280 300
angle of rotation (degrees)

5 150

Fig. 20f. Linear resistance law,
tap at 40%.




CP 23 -SERIES

CARBON POTENTIOMETERS

R (%6 Ryotal)

=)
=)

©
Rl

60

40

20

.0

7261015

7261016

100

1
T < VAR !

2 [ ]1
g « g0 /{ | /‘
s yauil ya

< ;

T T T
Vol | " (il /1]
0 L |
/a I 1 /]
/T i 7 20%10 i

R2 i /R1‘
h I 40 ‘
] | / I |
/ ! | i/ |
I ! 1/ 1
4 20
| | |
/ | | / L |
| | / 1/ |
f | 0 bt ;
0 5 50 00 s 150 200 250 z80 300 0 20 50 100 150 200 250 250 300

angle of rotation (degrees)
Fig. 20g. Linear resistance law,
tap at 67%.

Tolerance on the nominal resistance
Resistance law and tolerances

Ganging tolerance 2)

linear resistance law
at values between 10 and 90% of R¢gtal
with a tap at 40% and
at attenuations between 0 and -20 dB
at attenuations between -20 and —-28 dB
(reversed) logarithmic resistance law
at attenuations between 0 and —20 dB
at attenuations between —20 and —30 dB
at attenuations between -30 and —40 dB
with a tap at 10% or 20% and
at attenuations between 0 and -20 dB
at attenuations between -20 and -30 dB
at attenuations between -30 and -34 dB

Minimum resistance at the tap
Insulation resistance after damp heat test

(IEC 68, test C, 21 days)

Maximum dissipation

linear resistance law, acc. to Fig. 20a, at 40 0C
at 700C

resistance law, acc. to Figs. 20b to 20h, at 40 °C
at700C

Test voltage
Working-temperature range
Category (IEC 68)
Operating torque

single- and twin potentiometers
tandem- and triple potentiometers

Permissible torque with slider at end stop
Permissible axial spindle load

angle of rotation (degrees)
Fig. 20h. Resistance law,
balance potentiometers.

+20% 1)
see Figs. 20a to 20h

< 2dB

A

2 dB
3 dB

A

2 dB
3 dB
4 dB

ANA

2 dB
3 dB
4 dB
1% of Ry

INANAA

\

100 M

25 W

125 W

125 W
L0625 W
1000 V, 50 Hz
-10 to +70 OC
10/070/21

0
0
0
0

.3 - 2 Ncm
.7 -3.5Ncm
80 Nem
100 N

ININ 2O

1y For potentiometers with a tap the tolerance on R] as well as on R2 is +20%.
2) For tandem and triple potentiometers only.
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CARBON POTENTIOMETERS CP23-SERIES

Effective angle of rotation 250 - 2659
Mechanical angle of rotation 300 £ 50
Life after 10000 rotations

ARtotal < 25% of Reotal

total mechanical

mechanical angle
angle of rotation

of rotation

effective angle

of rotation of rotation

o\ o '
0° 30° o

300°  szersaes
end stop 72615934
switching end stop
angle
Fig.21la. Angles of rotation Fig.21b. Angles of rotation of
of potentiometers potentiometers witha
without switch or s.p.s.t. rotary switch.
with a push-pull
switch.
total mechanical
angle of rotation
effective angle
of rotation
291°
200 . rzersans
switching ™/ Nend stop
angle
Fig. 21c. Angles of rotation of potentiometers
with a d.p. s.t. rotary switch.
MARKING

The potentiometers are marked with the nominal resistance value, resistance law,
period and year of manufacture.

effective angle

<
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CARBON POTENTIOMETERS
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CP23 SERIES

Carbon potentiometers
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J L 2322 409

14 mm CARBON PRESET POTENTIOMETERS

QUICK REFERENCE DATA

Resistance range (E3-series), linear law 47 Q — 4,7 MQ -
Maximum dissipation at 40 °C : 02w ‘
Climatic category, |EC 68 25/070/21

Basic specification DIN44150

APPLICATION

These potentiometers have been designed for preset resistance control with provision for re-adjustments.
They are particularly suitable for use in radio and television receivers.

DESCRIPTION

These preset potentiometers comprise a carbon track, which is riveted on to a base plate of resin-bonded
paper. They are provided with snap-in printed-wiring pins, which hold them firmly in place on the board
before soldering. They are also available with straight printed-wiring pins.

The pins S1 and S3 (see Figs.1a, 2a. 3 and 4) are connected to the ends of the carbon track; pin S2 is
connected to the slider. The slider has a central screwdriver slot, a plastic knob or a wheel for adjustment.
This potentiometer series includes two types: one for vertical and one for horizontal mounting on print-
ed-wiring boards.

\ (May 1979
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2322 409 J CTP14

Outlines 05 Dimensions in mm
+/ 657 |- -~ 14102 —
I

J [

-
=0,4+0,05

51402/«

Fig.1a Potentiometer for vertical mounting, with snap-in printed-wiring pins, 2322 409 072..

+0,2 4 +01
4,2 o x1 0

>
i
ﬁ
|
M
i) ani
|
|
u__i__..

|

Ll
+0,2 u .
=157 f f J.J f
7268408 | 4 541 h>23655 < 7260409 le— 1349 — 5|
O E +0,
Fig.1b Potentiometer with knob at the Fig.Tc Potentiometer with knob at the
side of the base plate, 2322 409 172.. side of the carbon track, 2322 409 272..
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2322 409

14 mm carbon preset potentiometers

i
. 43 5
15202 12702631 " ’3l

3,
103

Fig.1d Potentiometer with adjustment wheel at the side of the carbon track, 2322 409 472..

> 5"2+8'5 - | 14402 —>
05 Y
max
17%0,2
+01 's1 | S3,
112005 x0,4%0,05 !<—10,2i0,2—>| 7268126.4A
45
gyt w2st03
v |
e=254 . _*13
) T4
—(
|

Fig.2a Potentiometer for horizontal mounting, with snap-in printed-wiring pins, 2322 409 083..
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2322 409 JL CTP14

+0,2 , 1+0,1
427" x17g

e : . —
pe2os / == 4 % = o——
v ! ]
o] g i
SN W I
72686101 | 4—— 11,841 __,L_ +6625 - 7268411.2 L_____. 173+] ——»
- ¥
Fig.2b Potentiometer with knob at the Fig.2c Potentiometer with knob at the
side of the base plate, 2322 409 183.. side of the carbon track, 2322 409 283..

+—— 15102 —»i 12700621 D103 e

Fig.2d Potentiometer with adjustment wheel at the side of the carbon track, 2322 409 483..

* Required hole in printed-wiring board: ¢4 + 0,2 mm.
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14 mm carbon preset potentiometers

l L 2322 409

> 65%05 |- -~ 14+02 —*
o5V |
1 X
| mars
N '
1+0,1 s 3,2 +0,15
! 1702 03 0
| , ~ !
F l 10+0,2
d —‘L i 0
+0,1
48403 =+ 005
-»l<-0,4%0,05 \J S3
—+I514+0,2l= |=10,240,2— 7269750n
¥ | |
e=254 S |
— 10 —= 13
Fig.3 Potentiometer for vertical mounting, ' [}
with straight printed-wiring pins, 2322 409 052.

?
! =
> 52%05 < -— 4102 — -
osY____| L S2
max
. EM%
B _ 1 +0,1* +0,5
_ - 175 3278
127202 4 17402 T I
7,6£0,2 ;
¢ 10+£0,2 @ @
t 1 ___l__ , l
' +01 S1 S3,
l 11 _0:05 X 0,&10,075 l<_10’210'2_>l 7269751 A
4.8
- +02 --25+03
¥ | |
e=254 L
—] > O——_ 13
I}
Fig.4 Potentiometer for horizontal mounting,
with straight printed-wiring pins, 2322 409 063..
ﬁr
Note |
For dimensions of knob or wheel versions see relevant drawing of snap-in-pin counterpart.
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2322 409 cTP14

TECHNICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 15 to 35 OC, an
atmospheric pressure of 86 to 106 kN/m?2 and a relative humidity of 45 to 75%.

limiting .
ist ax volt max terminal slider code in
nom resistance m oftage resistance current catalogue
Rp, L v ‘ Q number
at40°C | at700C | at40°C [at700C |
I i
— 47 Q 3 2,2 10 65 46 91
100 Q 4,5 3,2 10 45 32 51
220 @ 6,7 4,7 10 30 21,3 52
330 Q 8 5,7 10 24,5 17,4 69
470 Q 9,7 6,8 10 20,6 14,6 53
1 k& 14,2 10 25 14,1 10 54
2,2 k2 21 14,8 25 9,5 6,7 55
4,7 kQ 31 21,6 100 6,5 4,6 56
10 kQ 45 31,6 200 4,5 3,2 57
22 kQ 67 47 400 3 2,1 58
47 k& 97 68 1000 2 1,4 59
e 100 k& 142 100 2000 1,4 1 61
— 220 k& 210 148 4000 0,9 0,6 62
e 470 k& 310 216 10000 0,6 04 63
1T MQ 450 316 20000 0,4 0,3 64
2,2 MQ 500 470 40000 0,3 0,2 65
4,7 MQ 500 500 100000 0,2 0,14 66
Tolerance on the nominal resistance +20%
Resistance law linear
Maximum dissipation (Ppyax), at 40 OC . 02w
at 70 °C 0,1TwW
Maximum voltage v Pmax- Rp; maximum 500 V
(see table above)
Working temperature range —25 to +70 OC
Climatic category, IEC 68 25/070/21
—= Operating torque : 3,5 to 256 mNm
Maximum end stop torque 100 mNm
— Effective angle of rotation 220+ 109
Mechanical angle of rotation 230 + 59
Life 50 cycles
Mass
potentiometer without knob 0,72 ¢
potentiometer with knob 1,18¢
Temperature coefficient —500 to +300 ppm/ ¢
88 May 1979



14 mm carbon preset potentiometers

2322 409

MARKING

The potentiometers are marked with the nominal resistance in ink on the base plate or with embossed

print on the slider.
COMPOSITION OF THE CATALOGUE NUMBER

2322409.....

0 = without knob J T
1 = with knob at the side of
the base plate

2 = with knob at the side of
the carbon track

4 = with adjustment wheel at the
side of the carbon track

code for resistance value,
see table

72 = with snap-in pins for
vertical mounting
(DIN44150)

83 = with snap-in pins for
horizontal mounting
(DIN44150)

52 = with straight pins for
vertical mounting
(DIN44150)

63 = with straight pins for
horizontal mounting
(DIN44150)

\ l May 1977
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2322 410

10 mm CARBON PRESET POTENTIOMETERS

QUICK REFERENCE DATA

Resistance range (E3-series), linear law 47 Q2 — 4,7 M2 -
Maximum dissipation at 40 °C 0,1wW

Climatic category, |IEC 68 25/670/21

APPLICATION

These potentiometers have been designed for preset resistance control with provision for re-adjustment.
They are particularly suitable for use in radio and television receivers.

DESCRIPTION

These potentiometers have a resistance element of a special carbon composition with a low temperature
coefficient. The element is riveted to a base plate of resin bonded paper.

The potentiometers are provided with printing-wiring pins; pins a and c (see Figs 1, 3 and 5) are
connected to the ends of the carbon track, pin b is connected to the slider. The slider, which is
provided with a double contact, has a screwdriver slot or a plastic knob for adjustment.

This potentiometer series includes types for vertical and for horizontal mounting on printed-wiring
boards.

Note: The potentiometers are supplied with the slider at 50% of the angle of rotation. -

COMPOSITION OF THE CATALOGUE NUMBER

2322 410.....
0 = without knob ' ‘!' code for resistance value,
4 = with knob (Fig. 2; only for see Table 1
2322 410 .50..)
6 = with knob (Figs 4 and 6; only for
2322 410.11.. and 2322 410 .33..)
11 = vertical mounting (Fig. 3)
33 = horizontal mounting  (Fig. 5)
50 = vertical mounting (Fig. 1)

Note: catalogue number of knob (Fig. 2): 4322 047 00190 (only for 2322 410 .50..);
catalogue number of knob (Figs 4 and 6): 4322 047 27740 (only for 2322 410 .11.. and
2322 410 .33..).

MARKING -

The potentiometers are marked with the nominal resistance value punched on the siider or knob.

\ [Mav 1979
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2322 410

i

CTP10
OUTLINES Dimensions in mm
37%02 19102
<— 10+0,1 —» > ‘<» -
Eﬂhq /%(%_z\\ 0,8+0,1
- - u\( 3 : i
%i& 5404
v
02 || ¢
+005 "1H‘+8,(2)5 409+005
12202 & | | 508 |
L‘ — -<—
e=254 2,54+0,2 7276739.3

Fig.1 Potentiometer for vertical mounting 2322 410 050 . .

+0,2
62"
> -
P=F |
= v +0.2
1040, == S . ?1 02
115+8’5"’ - 7276736.1
45 '
o2

3,7%0,2 1,9+0,2
< 10£0] — ~ o =0
B I
1 0,8+0,1
i ] / '
. 4 *
/lj K\‘ - 4 60,1
0.2 ‘ a b Ye
+ d,O5"> t‘ ‘1%%5 | l¢0 9+0,05
12402+ |« | 508 I+
* Py = +0,2 7276740.3
e=254 2,54+0,2
I

Fig.3 Potentiometer for vertical mounting 2322 410 011 . .
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10 mm carbon preset potentiometers

2322 410

|

11,6+0,2

0
1,3_0’1»

=

]

+0,2
429

i

72767371

> 3,2 [

+0,2

Fig.4 Potentiometer for vertical mounting with knob 2322 410 611 . .

<— 10%0,1 — 0,2+0,05 T

[N\R|
>

1 =
} =
* 0,2+0,05 -
e=25 1 > 094005
i aMbinic
' 3,5%0,2
i v __Yogp
402 4302
r i 7276741.2
Fig.5 Potentiometer for horizontal mounting 2322410 033 . .
+0,2
o
e
f‘— 1T r::
| % &L\ !
11,640,2 - = ﬂ - - ———>»A,2+8’2
=l ;
0 72767381
1,3_0,1+‘ «G .
*r02" 502 "
Fig.6 Potentiometer for horizontal mounting with knob 2322 410 633. .
\ /l\llm: 1070 az



2322 410 CTP10

TECHNICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 15 to 35 ©C, an
atmospheric pressure of 86 to 106 kN/m? and a relative humidity of 45 to 75%.

— Table 1

nom resistance max voltage (V) max terminal limiting code in
at 40 °C resistance slider catalogue
current (mA) number
Rn Q at 40 °C
47 Q 2,2 10 46 91
100 Q 3,2 10 32 51
220 Q 4,7 10 21 52
330 Q 5,7 10 17 69
470 Q 6,9 10 15 53
1 k& 10 20 10 54
2,2k 14,8 40 6,7 55
4,7 k2 21,7 100 4,6 56
10 kQ 32 200 3.2 57
22 kQ 47 400 2,1 58
47 kQ 69 . 1000 15 | 59
100 k& 100 2000 1,0 61
220 k& 148 4000 0,7 62
470 k& 150 10000 0,32 63
1 MQ 150 20000 0,15 64
2,2 MQY 150 40000 0,068 65
4,7 M2 150 100 000 0,032 66
Tolerance on the nominal resistance +20%
Resistance law linear
Maximum dissipation (Pyax), at 40 ©C 0,1W
at 70 °C 0,05 W

V Pmax Rn; maximum 150 V

Maximum voltage (see table above)

Ambient temperature range —25to+700C
Climatic category, |EC 68 : : 25/G70/21
Temperature coefficient —500 to + 300 ppm/©C
— Operating torque 3,5 to 25 mNm
Maximum end stop torque 50 mNm
Effective angle of rotation 200 + 100
Mechanical angle of rotation 260 + 50
Life 50 cycles
Mass
potentiometer without knob 0,40 g
potentiometer with knob 0,60g
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L 2322 410

10 mm carbon preset potentiometers
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2322 410 J CTP10
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2322 41

18 mm CARBON PRESET POTENTIOMETERS

QUICK REFERENCE DATA

Resistance range (E3-series), linear law 100 2 - 4,7 M2
Maximum dissipation at 25 °C 0,25 W
APPLICATION

These potentiometers have been designed for preset resistance control with provision for re-adjustments.
They are particularly suitable for use in radio and television receivers.

DESCRIPTION

These preset potentiometers comprise a carbon track, which is riveted on to a base plate of resin-bonded
paper. They are provided with tin-plated brass solder tags or printed-wiring pins. The tags or pins S1
and S3 (see figures on following pages) are connected to the ends of the carbon track; S2 is connected
to the slider. The slider has a central screwdriver slot, a plastic knob or a wheel for adjustment.

This potentiometer series includes seven types:

Potentiometers 2322 411 .00.. provided with solder tags, which are perpendicular on the base plate.
They are suited for direct mounting in the wiring; if necessary they
can be fitted with a screw in the mounting hole (Fig.1).

Potentiometers 2322 411 .22.. provided with pins, for vertical mounting on printed-wiring boards
(Fig.2).

Potentiometers 2322 411 .72.. *  provided with pins, for vertical mounting on printed-wiring boards
according to DIN 44150 (Fig.3).

Potentiometers 2322 411 .73.. provided with pins, for vertical mounting on printed-wiring boards

(Fig.4).
Potentiometers 2322 411 .33.. provided with pins, for horizontal mounting on printed-wiring

boards (Fig.5).

Potentiometers 2322 411 .83.. *  provided with pins, for horizontal mounting on printed-wiring
boards according to DIN 44150 (Fig.6).

Potentiometers 2322 411 .84.. provided with pins, for horizontal mounting on printed-wiring
boards according to DIN 44151 (Fig.7).

* Preferred type.

W ﬁ\/lay 1977
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2322 411 Jl _ CTP18

'98

Gutlines

0,5%0,3 |*—— 18£01 ——— &,

20:0,2T 20+02 & h
| 11202
o
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I [Tl
‘ N +o01
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<= 1016£0,2-
T v
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6,5+0,2 4 7276753
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‘*T‘ . 3 e=254
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Lm,w:o,zJ 7278750 r—lLT , T '

7276745 LI I

Fig.1 Potentiometer 2322 411 000..

]

I

—>||<-0,4£0,05

Fig.2 Potentiometer 2322 411 022..

05+0,3 |[<——— 18201 ‘>}

| st 1l | s3
] ! . T T P‘J
lsos 4 ag | . - ' ._1,1+8,10
0,2 ' #05 L1o,1ezo,2—> ’
v
e=254
i

7276755

Fig.3 Potentiometer 2322 411 072..

Dimensions in mm
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18 mm carbon preset potentiometers

2322 41

- 05%0,3 <+— 18201 ———|

7276754 [ [T

Fig.4 Potentiometer 2322 411 073..

0,5%0,3 |+ 18%01 ——

3+0,05-» !

|- -

<1016 +0,2+

\ +0,1
=~ 005

7278752

|

7278787 |

Fig.5 Potentiometer 2322 411 033..
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2322 41 J ' CTP18

'

‘0 [}
45402 :
520, _ -
3+0,05-s *'Luﬂgvos
‘4—10,1610,2* 1296751
—
—
—
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e
—_—
v
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I

7276746

Fig.6 Potentiometer 2322 411 083..
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ey o
-1 0s

7276749
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L—w,w: 0,2‘—»‘
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Fig.7 Potentiometer 2322 411 084..
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18 mm carbon preset potentiometers

J L 2322 41

Nt
% 9,3+0,3
15% 8.2 :ﬁ, i 'L

7276764

+0,2
5,2*9

Fig.9

T
P 1'5+g.2 101
x1+8’2 I + l
- ’l * 7276743
- fo,?s ol
Potentiometer 2322 411 133..

(adjustment knob * at the side of
the base plate).

Fig.8 Potentiometer 2322 411 433.. =
(adjustment wheel at the side of -
the carbon track).
! 1821
M e
42*32x1+2 |
}4 r— o
7276742
- x%,?s -~
Fig.10 Potentiometer 2322 411 233..
(adjustment knob * at the side of
the carbon track).
* Potentiometers with temperature-resistant knobs (up to 230 OC) are supplied on request.
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CTP18

2322 411
4
TECHNICAL DATA J
max Vmax {d.c. or r.m.s.) limiting slider
nom resistance terminal at Tymp = 40 °C current code in
Rn resistance catalogue number
Q \% mA
100 2 10 5 32 51
220 2 10 7 22 52
330 Q2 10 9 18 69
470 10 11 14 53
1kQ 25 16 10 54
2,2k 25 22 7 55
4,7 k2 100 35 4,5 56
10 k&2 200 50 3,2 57
22 k2 400 70 2,2 58
47 k2 1000 110 1,4 59
100 k2 2000 160 1,0 61
220 k2 4000 220 0,7 62
470 k2 10000 370 0,45 63
1 MQ 20000 500 0,32 64
2,2 M2 40000 500 0,22 65
J— 4,7 M2 100000 500 0,14 66
E Tolerance on the nominal resistance +20%
- Resistance law linear
Maximum dissipation
at 25 0C 0,26 W
at 70 °C 0,15 W
Limiting voltage 500 V (d.c.)
500 V (r.m.s.)
Ambient temperature range —25 to +70 °C
Resistance change after humidity test
(21 days, Tamp =40 °C, R.H. = 90-95%)
after recovery of 1h * < 20%
after recovery of 24 h * <10%
Operating torque 5to 50 mNm
Maximum end stop torque 100 mNm
Effective angle of rotation 200 + 100
Mechanical angle of rotation 215—-2250
Temperature coefficient —500 to +300 ppm/ °C

* Preconditioning (min 48 h) and recovery at 23 + 1 0C, R.H. = 50 + 2%.

May 1977



18 mm carbon preset potentiometers 2322 411

MARKING
Nominal resistance and production code in ink on the base plate.

COMPOSITION OF THE CATALOGUE NUMBER
2322411.....

0 = without knob J T— code for resistance value, see table

1= with knob at the side of

the base plate 00 = with solder tags (Fig.1)

2 = with knob at the side of 22 = with pins for vertical mounting (Fig.2)
the carbon track 33 = with pins for horizontal mounting

3 = with adjustment wheel at the side (Fig.5)
of the base plate {only for versions 72 = with pins for vertical mounting
for vertical mounting) (according to DIN 44150, Fig.3)

4 = with adjustment wheel at the side 73 = with pins for vertical mounting (Fig.4)
of the carbon track 83 = with pins for horizontal mounting

(according to DIN 44150, Fig.6)
84 = with pins for horizontal mounting
(according to DIN 44151, Fig.7)
Catalogue number of adjustment wheel: 4322 047 08230
Catalogue number of adjustment knob : 4322 047 08280.

May 1977
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2322 412
2322 413
2322 414

MULTITURN CARBON PRESET POTENTIOMETR=RS

QUICK REFERENCE DATA

Nominal resistance values

linear resistance law 100 2-4,7 MQ
logarithmic resistance law 1k2-2,2 MQ
special resistance law . 100 k2
Maximum dissipation at 40 °C see Fig.3
Number of turns of spindle
potentiometers 2322 412 ..... 20
potentiometers 2322 413 ..... 10
potentiometers 2322 414 ..... 40
Climatic category (IEC 68) 25/070/21

RZ28770.1

APPLICATION

The potentiometers have been designed for preset resistance adjustment in capacitance diade television
tuners. However they can also be applied for capacitance diode tuning of other apparatus, e.g. radio
receivers, or for any other fine resistance adjustment.

DESCRIPTICN

A straight carbon track is fitted on to a base plate of resin-bonded paper, which is mounted in a housing
of black synthetic resin. The terminals are suited for mounting on printed-wiring boards. The slider is
activated by a silvered threaded spindle. No damage occurs when one continues to turn the spindle
after the slider has reached an extreme position. The potentiometers can be delivered with various
adjustment provisions and with or without a scale indicator.

All versions are available with linear or logarithmic resistance law; the 100 k£2 versions are also available
with special resistance law.

May 1977
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cucc 4| CMP20
2322 413 CMP10

2322 414 CMP40

Dimensions of the housing (mm)

The housing has been drawn with

out scale indicator and adjustment provision; these parts are given in '
the paragraphs below.
2_81 425402 o o4t
iy | H
A
801
v JP—— -
Afo’a M" 0% 02\? m b
5 DA oo 15_ (2x)~> - <~1 (3x)
_.1_0714_ +0; 0,05 005
= 7268024.3
- I
! 3020 ——»
304015 —» L~51’0,15
Fig. 1 Terminals a and ¢ are connected to the ends of the carbon track; terminal b is connected to the
slider contact.
= Indicators
= -— -_
—_ type | code in
(dimensions in mm) colour catalogue number
232241, . ...,
-
7.4
- 13 - =V, ~
) +0,2 - ’+2,szo1
.t K
50,1
+ 1+01

7268006.3

0
=01 »{ 1+0,2 -

~>H<—110,1

R

7268003.1
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2322 412

Multiturn carbon preset potentiometers 2322 413
2322 414
type code in
(dimensions in mm) colour catalogue number
2322 41. R
red 3
"~ yellow 4
Z2+0.1
—- (- —
Pl =
oy =
+0,2 red 5 =
i
72680071
without indicator 0
without indicator, with black
dust cover on the housing.
0,3+0,1
LN
[} 1§ 4
Eb—‘—? i_ T 18,8%0.3 8
= T
U U H 7276712

May 1979
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2322 412 CMP20
2322 413- CMP10
2322 414 - CMP40

IL"I

Adjustment provisions

type code in
(dimensions in mm) colour catalogue number
232241......
]
g'rey 51
7266996.3
-+ 113402 l=
+01
3 0
ot v
gu_gy
re 52
35+0'5—> ey
"~ 0
Knob: approx. 60 notches red 61
=
=
#1902 E Knob: approx. 48 notches black 62
= I 72669951
198402 I«

108 May 1979



2322 412

Multiturn carbon preset potentiometers 232 2 413
k 2322 414
type code in
(dimensions in mm) colour catalogue number
232241. .....
T
> 9+01 |- *
B 4,5%0,2
50
v v
I —
210 @8 | s S -
0,2 %02
_ Q black 63 -
LT
1 2+0,‘l_ < !
“0 T ro02
3+02-+| ¢ ~-3+02 k rresoons
«—16,3+0,2 —»
5
L5202 +;_%~,2+
5
+ /
+ Y v
2(1)22 ?082 e black 64
T —
12101 l t» <102 —_—
320,2—+ <3202 7268000.2 —_
le—218+£02 — : —
Gearwheel:
module = 0,6 .
number of teeth = 24 white 82
tooth height = 1,2
v Gearwheel:
26,7~ module = 0,5
h number of teeth = 12 black 83 -
shape according to DIN867
] ”9_‘\_02 < 7266994.3
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2322 413
2322 414

CcMP20
CMP10
CMP40

TECHNICAL DATA

Unless stated otherwise, all electrical values have been determined at an ambient temperature of 15 to
35 OC, an air pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

‘

nom. resist. max. voltage (V d.c. or V a.c.) max. max. limiting
resistance | law Tamb =40 °C Tamb = 70 °C|terminal atten- | slider
AR<20% | AR<10% | AR < 20% resistance uation | current (mA)
(Rn) (note 1) (note 1) (note 1) (dB)
100 Q 5,5 5,0 3,9 10 Q 20 55
220 8,1 74 5,7 20 Q 20 37
470 Q 11,8 10,8 8,4 3 Q 30 25
1 k& 17 15,8 12,2 50 Q 30 17
2,2 k2 26 23 18 100 Q 40 11
4,7 k2 37 34 24 200 Q 40 8
10 k& 53 47 .37 300 Q 40 53
22 k& |linear 76 66 54 600 Q 50 3,5
47 kQ 108 91 76 1 kQ 50 23
100 kQ 152 122 107 2 k& 50 1,5
220 k& 217 166 163 3,5k 60 0,99
470 k&« 306 216 216 6 k& 60 0,65
1 MQ 425 274 300 10 k& 70 0,43
2,2 M2 600 330 420 20 k&2 70 0,27
4,7 MQ 840 (2) 340 590 50 k2 70 0,18
1 k& 10 8,9 7.1 10 Q 40 10
2,2 kQ2 14 12,8 10,2 20 Q 50 6,6
4,7 k2 20 17,5 14,5 35 Q 50 4.4
10 k& 29 24 20 50 Q 50 2,9
22 kQ loda- 42 34 29 100 £ !'(5)] 60 1,9 (3)
47 k| %% |59 47 41 200 Q 60 1,3
100 ke | fthmicl gg 63 60 250 Q 60 0,85
220 k2 122 87 86 500 70 0,55
470 k& 172 112 120 1 k& 70 0,37
1 MQ 240 141 170 2 k& 80 0,24
2,2 M2 3560 182 244 5 k& 80 0,16
100 k$2 | special | 85 63 60 500 60 0,85 (4)
Notes

1. Measured after 1000 h.
2. Max. 600 V (a.c.).

3. Slider contact between 20 and 100% of Ryy¢. For slider contact positions between 0 and 20% of
Rtot the values have to be multiplied by 6.

4. Slider contact between 20 and 100% of Ryq¢. For slider contact positions between 0 and 20% of
Rtot the value has to be multiplied by 2,4.

5. Measured between terminals a and b.
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MULTITURN CARBON
PRESET POTENTIOMETERS

2322 412
2322 413
2322 414

Tolerance on nominal resistance
Resistance law and tolerance
Maximum permissible dissipation (Ppax)

Contact resistance between carbon
track and slider contact, the slider
being moved 1 mm/s (see also
"Measurement of the contact resistance')
linear resistance law
logarithmic resistance law,
for 0- 40% of effective travel
for 40- 70% of effective travel
for 70- 100% of effective travel
special resistance law,
for 0- 40% of effective travel
for 40- 60% of effective travel
for 60- 100% of effective travel

Crackle voltage at maximum slider
current of 1 mA, the slider being moved
maximum 0,025 mm/s,

R, = 100 kQ, linear law

Ry, = 100 kQ, special law,
for 0- 60% of effective travel
for 60- 100% of effective travel

Resistance change with temperature and humidity
Change of preset voltage with temperature and humidity

Change of preset voltage after vibration
test (I.E.C. 68, test Fc) and shock test
(I.E.C. 68, test Ea)

Operating temperature range
Climatic category (I.E.C. 68)
Operating torque

Mechanical number of turns of spindle
potentiometers 2322 412 .....
potentiometers 2322 413 .....
potentiometers 2322 414 ... ..

Maximum axial run-out including radial
play of spindle

Maximum permissible axial spindle load
(push and pull)

+20%
see Fig.2
see Fig. 3

=3% of Regpqy

<0, 75% of Rtotal
=275 of Rgeq)
8% of Reotal

<1,2% of Rtotal
=3% of Regpal
<6% of Regea]

<100 mV
<100 mV
<150 mV
see Figs.4 and 5
see Figs. 6 and 7

<0, 1% of total voltage .
typ. 0,05% of total voltage
-25to+70 0C

25/070/21

1,5-10 mNm

W O =
o M= O
— NN

+

0, 15 mm

=2,5N




2322 412
2322 413
2322 414

CMP20
CMP10
CMP40

Mechanical travel of slider contact

Effective travel of slider contact
Solderability (to IEC68-2, test T)
Thermal shock test (to IEC 68-2, test T)
Life (at a rate of 20 rev/min)

25,6 £ 0,3 mm

24 -1 mm

230+109C,for2+05s
350+ 109C, for2+0,5s
50 x in both directions + 3 rotations

at both ends

100 7279607
resistance /4
(% Rtotal )

80 //

i ///

60

/
i
40 2 /
/ /n
Y 4
oA
VP
2 4

0

slider displacement
from terminal a to terminal ¢

0 60

80 100

(% of effective travel )

Fig. 2 Resistance as a function of slider displacement. Counter-clockwise knob rotation results in an
increase of resistance between a and b (Fig. 1).

tolerance on resistance law

curve resistance law - displacement resistance
(% of effective travel) (% of Riotal)

| fincar between 36,5 and 38,5 335-415

between 61,5 and 63,5 58,5 - 66,5

I | ithmi between 36,5 and 38,5 35- 85
ogarithmic between 61,5 and 63,5 12 -26
— between 36,5 and 38,5 14 -22
1 special between 61,5 and 63,5 28 -38
between 86,5 and 88,5 60 -75
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2322 413
2322 414

MULTITURN CARBON
PRE-SET POTENTIOMETERS

“ 2322 412

Yo 1 mommm

031 Tamb = AReot
40°C Reot

<
after 1000 h
<

10%: ===

Prax

W) pmm——————

021

01
lin.

1 log. and law
spec. law

1
0b— - T .
G ¢ g g 4ag o g .o g c o ac g g

5 © o ¥ X X X 'X ¥ X X x 3 5 3

S ¥ 5 T 8% 2 9 5/88 8 ¢ 8~

N g P ~ 3/ 85 8%

Fig. 3. Maximum permissible power dissipation
Resistance changeas a function of the temperature; relative humidity 40 to 80% at 25 OC.

729943

5 k36 ; 5 7Z 99438

AR ot
AR ot R tot)
(Rt ) ChR o
0 0
PN

-5 -5
-10 -10

25 50  Tamb (°C) 75 25 %0  Tamb(°C) 75

Fig.4. Ry = 100 kQ, linear law Fig.5. Ry = 100 k2, special law

o I 113



2322 412 CMP20
2322 413 CMP10
2322 414 CMP40

Change of preset voltage as a function of the temperature, V, p, being 30% of Va.c; relative humidity
40 to 80% at 25 OC.

7279608 7279609
1 1
AV,_yp AVa_p
(% Va_p) (% Va_p)
N
e
0 0 >
<
-1 -1
Fig. 6 Rp = 100 k&2, linear law. Fig. 7 R, = 100 k&2, special law.
—_— Measurement of the contact resistance
— a . . .
—_— — 0 A d.c. current source which supplies a constant direct current (1) of
o e.g. 1 mA, is connected to the pins a and b of the potentiometer; for
the diagram of the d.c. current source, see Fig. 9. The d.c. voltage (V)
resulting from the contact resistance (Rgj and the d.c. current is
measured between the pins b and ¢ (V = I.RC).
During the measurement the slider contact is moved with a constant
speed of 1 mm/s.
The inpute resistance of the d.c. voltmeter must be at least 10 M£2.
7279610
Fig. 8.
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2322 412
MULTITURN CARBON 2322 413

PRE-SET POTENTIOMETERS 2322 414

Note - Circuit diagram of the direct current source used for measuring the contact
resistance. Open-circuit output voltage is 380 V.

BY 127
g -0
» o
mA
280V
3%k O
¢ E99F
i~
280V
f
220V
39k
~ Q S0pF 1200
U A
BY127 SOpF T
22k Q)
f 22k O
—O © ; - 72994391
Fig.9
MOUNTING

The terminals may be dipsoldered over a length of 2 mm max. in a solder bath of 260 °C
max. for 4 s max.

When a soldering bit is used, its temperature must not exceed 360 °C for 1,5 s and
neither axial nor radial stress must be exerted on the terminals.

MARKING

The potentiometers are marked with the nominal resistance value, resistance law,
period and year of manufacture.

COMPOSITION OF THE CATALOGUE NUMBER
2322 41. .....

code for number of turns of spindle ——J -Lcode for nominal resistance value,

2 =20 turns see the table on the next page
3 = 10 turns
4 = 40 turns — code for adjustment provision,

code for indicator, see par. "Indicators" see par. "Adjustment provisions”
i s .




2322 412

2322 413 MULTITURN CARBON
2322 414 PRE-SET POTENTIOMETERS
nominal code in catalogue number
resistance linear law logarithmic law special law
100 Q 01
220 Q 02
470 Q 03
1 k@ 04 24
2,2 kQ 05 25
4,7 kQ 06 26
10 k@ 07 27
22 kQ 08 28
47 kQ 09 29
100 kQ 11 31 38
220 k@ 12 32
470 k@ 13 33
1 M@ 14 34
2,2 MQ 15 35
4,7 MQ 16

LY PN e e



2322 415

25 mm SLIDE CARBON POTENTIOMETERS

QUICK REFERENCE DATA
Nominal resistance values
linear resistance law 1kQ- 4,7 MQ
logarithmic resistance law 1kQ - 2,2 MQ
Maximum dissipation at 40 °C see graph (Fig. 3)
Climatic category, IEC 68 25/070/21
APPLICATION

These potentiometers are particularly suitable for use in radio and television receivers.

DESCRIPTION

A straight carbon track is fitted on to a base plate of resin bonded paper, which is mount-
ed in a housing of black synthetic resin. The terminals are suited for mounting on printed-
wiring boards.

The slider contact is adjusted by means of a knob, which moves along a silvered spindle.
Two types of slider knob are available. The potentiometers are available with linear or
logarithmic resistance law.




2322 415

CSP25
Outlines Dimensions in mm
. 425202 —— =17 02
2 0 - Zé’g <— 25,36+ 0,5 —»
~0,1 =Y 3+0,1
Bl "‘ | |31 0,1 ) -»} !4
- o I
12,45 - — ¥
*+0,3 4+0,1
v : oty ST
4:40,3 ‘ 0,940, 1-= Ha 04 ’ \m‘c b . rﬁ‘ 12
o *0,1
\ 240,1» 815 005" - =1_005 lag
3£0,2 ' } (2x) | (3x) e
1£0,1= 300,17 —» -
=l 5 e
+0,1 15,2 30£0,15 5 e 7276153.1
+0,2 *+0,15
Fig. Ta Potentiometer with symmetrically placed slider.
[— a and ¢ = beginning and end terminals respectively.
it b = slider terminal.
— 7’4 -
+0,2
4,15+ 0,2 » - e < 88+0,15
1,5£0,1 ‘ - ‘ l 6+0,1
14,6 L ‘ m
+0,3 9,1 ’ O
+ +0,3 d 3
y o L4 0
} T T T ]
7276151
Fig. 1b Potentiometer with asymmetrically placed slider.
Dimensions are identical with those in Fig. 1a except as shown. )
118 May 1979 \} (



25 mm slide carbon potentiometers

2322 415

TECHNICAL DATA

Unless stated otherwise, all electrical values have been determined at an ambient temperature of 15 to
35 OC, an air pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

:

nom. resist. max. voltage (V d.c. or V a.c.) max. max. limiting
resistance | law Tamp =400C Tamb = 70 OC| terminal atten- | slider
AR<20% | AR<10% | AR < 20% resistance uation| current (mA)
(Rp) (dB) AR <20% (1)
(note 1) (note 1) (note 1) at 40 °C | at 70 OC
1 kQ 17 15,8 12,2 50 Q 30 |17 12
2,2 k2 26 23 18 100 Q 40 |11 8,2
4,7 k2 37 34 24 200 Q 40 8 5,6
10 k& 53 47 37 300 @ 40 5,3 3,7
22 k& |linear 76 66 54 600 Q 50 3,6 2,4
47 kQ 108 91 76 1 kQ 50 2,3 1,6
100 k& 152 122 107 2 k& 50 1,5 1,1
220 k& 217 166 153 3,5k 60 0,99 0,70
470 k& 306 216 216 6 k& 60 0,65 0,46
1 MQ 425 274 300 10 k& 70 0,43 0,30
2,2 MQ 600 330 420 20 k& 70 0,27 0,19
4,7 MQ 840 (2) 340 590 50 k& 70 0,18 0,13
1 kQ 10 8,9 71 10 K 40 |10 7.0
2,2k 14 12,8 10,2 20 Q 50 6,6 4,7
4,7 kS 20 17,5 14,5 3B Q 50 4,4 3,0
10 k& 29 24 20 50 Q 50 29 2,0
22 k2 42 34 29 100 & 60 1,9 1,3
47 k& |loga- 59 47 41 200 Q (3} 60 1,3 0,9
100 k& [rithmic | 85 63 60 250 60 0,85 0,60
220 k& 122 87 86 500 70 0,55 0,39
470 k& 172 112 120 1 kQ 70 0,37 0,26
1 MQ 240 141 170 2 k& 80 0,24 0,17
2,2 MQ 350 182 244 5 k& 80 0,16 0,11
Notes

1. Measured after 1000 h.
2. Max. 600 V (a.c.).
3. Measured between terminals a and b.

\ (May 1979
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2322 415 25 mm SLIDE CARBON POTENTIOMETERS

Tolerance on nominal resistance +20%
Resistance law see Fig: 2
Maximum permissible dissipation (Pp5x) see Fig. 3

Contact resistance between carbon
track and slider contact

linear resistance law 4% of Rygeal
logarithmic resistance law % 6% of Rigral
Operating temperature range -25 to +70 °C
Climatic category (IEC 68) ' 25/070/21
F
Operating force (F) 1to2,5N(=—2X <9
Frin
Permissible force with slider at end stop 1) =30 N
Permissible load perpendicular
to the direction of movement 1y _ <10N
Permissible axial force on slider
(push and pull) 1y <20 N
Effective travel of slider contact ) 24 -1 mm
Mechanical travel of slider contact ) 25,35+ 0,5 mm
Life 5000 x in both directions

1) Measured for 5's, 5 mm above centre of spindle.

i I



25 mm slide carbon potentiometers

2322 415

100

resistance
(% Riotal )

80

60

40

20

7276150.1

/

/

slider displacement
from terminal a to terminal ¢

V y
A1/
|/
/ .
AR o
20 40 60 80 100

(% of effective travel )

Fig. 2 Resistance as a function of slider displacement.

curve | = linear resistance law;
curve |l = logarithmic resistance law.

Hll

| (May 1979
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2322 415 25 mm SLIDE CARBON POTENTIOMETERS

0,34 lin.law T -
t -
Pmax after 1000 h <20 % : ——
(W) <10% o= =
§§§9§§9§§§§§ 7276152
~FNNOANNOOO G~
N T NTONE ~ <
Fig. 3. Maximum permissible power dissipation.
MOUNTING

The terminals may be dip-soldered over a length of 2 mm max. in a solder bath of 260°C
max. for 4 s max.

When a soldering bit is used, its temperature must not exceed 360 °C for 1,5 s and
neither axial nor radial stress must be exerted on the terminals.

MARKING

The potentiometers are marked with the nominal resistance value, resistance law,
period and year of manufacture.

COMPOSITION OF THE CATALOGUE NUMBER

2322 415 .00..
-

|
code for slider I I— code for nominal resistance value,
1 = symmetrically placed (Fig. la) . see the table, on the next page
2 = asymmetrically placed (Fig. 1b)

122 II ||



25 mm SLIDE CARBON POTENTIOMETERS 2322 415

nominal code in catalogue number
resistance linear law logarithmic law
1 k@ 04 24
2,2 k@ 05 25
4,7k 06 26
10 kQ 07 27
22 k&2 08 28
47  kQ 09 29
100 k@ 11 31
220 k@ 12 32
470 k@ 13 33
1 MQ 14 34
2,2 MQ 15 35
4,7 MQ 16

HIHI






2322 42.

60 mm SLIDE CARBON POTENTIOMETERS

QUICK REFERENCE DATA

Nominal resistance values

linear resistance law 2202 - 10 MQ

logarithmic, reversed logarithmic

and semi-logarithmic resistance law 1kQ — 4,7 MQ
Maximum dissipation at 40 °C

linear resistance law 04 W

logarithmic, reversed logarithmic

and semi-logarithmic resistance law 0,2wW
Category (IEC68) 10/070/21
DESCRIPTION

This slide carbon potentiometer series includes two types:
— single potentiometers, for general purposes,
— tandem potentiometers, for stereophonic purposes.

The single potentiometers comprise a straight carbon track, which is fitted on tc a base plate of resin
bonded paper, mounted in a housing of black synthetic resin.

The tandem potentiometers are composed of two carbon tracks, fitted on base plates of resin bonded
paper, which are situated in one housing. The base plates are placed in such a way that the tracks are
opposite each other.

The terminals S141 and Sq13 (single) or S11/S91 and S13/S23 (tandem) are connected to the ends of the
carbon track (see Figs 1 and 2); terminal S92 (single) or Spo (tandem) is connected to the slider contact.
The potentiometers can be supplied with a tap at 1/2, 1/3 or at 1/3 and 2/3 of the total travel.

Both types are available with or without a metal screening at the outer surface of the potentiometer
housing, providing general protection against external interference. The tandem potentiometers can
also be supplied with a metal screening between the two carbon tracks, thus preventing crosstalk.

The potentiometers are available with different connecting terminals and adjustment provisions.

. s11 Tsm Is13
I T l S21 1522 |s23
s11 s12 Is13 l l

7276907

Single type Tandem type

\ (l\/lay 1979
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2322 42. CSP60
Types Dimensions in mm
—>\ +a,7j8:13
=29, B
B d ~0+ o U
125 103 | ‘ /‘ 01730 (\P surface A (see "Adjustment Provisions”)
“or ,Tl 1,20,
6£03 1] N I R B v
A § % [;I - 5% [;D
y o
: B B TE max
4 h V LTy \ ° ¥ "
[ Ti[45203 M fii ¥o§ W |ix R
i L) , SM S12gp0) S14 S5 S16 'gypy  S13 1.1 min
- l#-38+03 | | | - 203403 i
102 | ! 2542015 - !
“" max 7% le——— 6103 ]
- 12 max e 72202 ’
80+0,1 >
87’3 max . 7Z68008.4
Fig. 1 Single slide potentiometer with solder tags.
o S$11.513 = beginning and end terminals respectively
— S12 = slider terminal
e $14.515,S16 = tap terminals ar 1/3, 1/2 and 2/3 of the total travel respectively
S$101.5201 = earthing terminals (connected to external screening)
|_|
=
il
L
q 4 = S
iy D o °lL|
| ; 5
4 | A o o
! D T T | T TT TTTT
511 s12 s1o/ sm S5 s16 S101  s13
3,8+0,3-> <3803 S21 S201 S24 S25 S26 S22S523
729951.4
Fig. 2 Tandem slide potentiometer with solder tags.
Dimensions are identical with those in Fig. 1 except as shown.
511,513 = beginning and end | 521,523 = beginning and end |
terminals resp. terminals resp.
S12 = slider terminal potentio-  Spo = slider terminal potentio-
$14,515,815 =tap terminalsat [ meter 1 $24,595,S9¢ = tap terminals at meter 2
1/3,1/2 and 2/3 (R1) -1/3,1/2 and 2/3 (R2)
of the total travel of the total travel
resp. resp.
$101.5201 = earthing terminals (connected to external screening)
S10 = earthing terminal (connected to internal screening)
To determine the side on which potentiometer R1 is situated, the customer should look for the marking:
this is always placed at the beginning of R1.
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60 mm slide carbon potentiometers

2322 42,

Connecting terminals

Fig. 3 Solder tags.

‘4— 12e———#

* SN S12 , S14 S15 S8 Si3
i |
é—_‘é}’ ?' - —,[\ - _(‘t\_ \.il |"S'1'OV17 - -éi‘ -
e ! j 1

* | st o gt |
e — |
s 2he ;!
7261293.2 e=254m

Fig. 5 Hole pattern of the printed-wiring
board for a single potentiometer (viewed on
component side).

Mounting

ss2| S ST
&

Il
o
o |
v L] |
somn— | TG
| .

—
38+03

‘?
134

Fig. 4 Printed-wiring pins.

12—

|4—~L— 8e —»
N

S16 S13

o

- i - — -
i 201 524 s25  S26

. i
i e B — !

410 e — |10 — -

!
|
|
1
- 2he |

7261294.2 e=2 54 mm

Fig. 6 Hole pattern of the printed-wiring
board for a tandem potentiometer (viewed on
component side).

Potentiometers shown in Figs 1 and 2 are mounted with two self-tapping Parker screws, type 4N,
according to UN-B1005 or UN-B1023 (min. length of thread 8 mmj} making use of the holes in top and
bottom or in front and back. Distance between the two holes is 80 mm.

Maximum torque for tightening: 500 mNm. {Minimum stripping torque: 700 mNm.}

W (May 1979

127



2322 42.

60 mm SLIDE CARBON POTENTIOMETERS

linear

Adjustment provisions

Four adjustment sliders are available:

- symmetrically placed, height 12,5 mm or 16 mm > a16+01
- asymmetrically placed, height 12,5 mm or 16 mm 20°+5° 250 +|2° 70
*’2—81* ¢ 0
bl 12,5403 —]
K or
16+0,3 '4
045°
45 3
z Yo i _ . +0t—=—a
7265380.1 RO,L“ 0
surface A(Fig1)
4—5_81% 72612921

Fig.7 End view of potentiometer with
symmetrically (dotted lines) and asym-
metrically placed adjustment slider.

Fig.8 Adjustment slider.

TECHNICAL DATA

Unless stated otherwise, all electrical values have been determined at an ambient tem-
perature of 15t0 35 9C, anair pressure of 860 to 1060 mbar and a relative humidity of 45

7

nom, yesist, | resist, law| tap| max, voltage (V) |max. terminal max. max. |limiting
(R.n) l) acc, to at | at 40 ¢Cjat 70 °C resist, attenuation| contact | slider
Fig.9 (dB) resist. current
(% Rp) |at 40 °C
(mA)
220 Q atod 9,3 7,4 10 @ - 3 40
470 @] atod 14 11 10 @ - 3 22
1 kG2 atod 20 16 25 @ - 3 16
2,2 k@ | atod || 30 23 25 Q - 3 11
4,7 kQ atod < 41 34 25 @ - 2 7
10 k@ | atod 5| 63 50 335 Q - 2 5
22 k@ atod < 93 74 35 - 2 3,5
47 k(2 atod j 137 108 35 @ - 2 2,2
100 k2 atod S | 200 158 100 @ -~ 2 1,4
220 ke | atod || 296 234 125 @ - 2 1,0
470 kQ | atod |- | 410 | 342 250 Q - 2 0,65
1 MR atod > | 500 500 1 k@ - 2 0,45
2,2 MQ atod 500 500 2,2kRQ - 2 0, 32
4,7 MS atod 500 500 4,7k - 2 0,22
10 ME2 atod 500 500 10 kQ - 2 0,16
330 Q atod 11,5 9,1 10 @ - 3 30

1) Measured between terminals $17 and 513 (or Sg; and Sy3).

128
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60 mm SLIDE CARBON POTENTIOMETERS

2322 42.

logariuunc

reversed logarithmic

semu togarithmic

nom, resist.| resist.law|tap |[max. voltage (V) |max, terminal max. max. |limiting
Ry) 1) acc. to at |at 40 °CJat 70 °C resist. attenuation| contact |slider
Fig.9 (dB) resist.|current
(% R,) |at 40 oC
(mA)
1 kQ etoh 14 11 25 Q 50 4 10
2,2 kQ etoh o 21 16 25 @ 60 4 7
4,7 k2 etoh & 31 24 25 Q 60 4 4,5
10 kR etoh 'g 45 35 35 Q 60 4 3,2
22 k&2 etoh « 66 52 35 Q 70 4 2,2
47 k@ | etoh |Z| 97 77 33 Q2 7012 4 1,4
100 kG2 etoh o | 141 112 50 @ 80 4 1,0
220 kQ | etoh | S| 210 166 50 @ 80 4 0,7
470 k&2 etoh > | 310 242 100 @ 80 4 0, 45
1 MQ etoh o 447 354 500 @ 80 4 0,32
2,2 MQ etoh > | 500 500 500 80 4 0,22
4,7 MQ etoh 500 500 1 k@ 80 4 0,14
1 kS k, 1 14 11 100 @ 50 4 10
2,2 kQ k, 1 21 16 100 @ 60 4 7
4,7 kQ k, 1 31 24 100 @ 60 4 4,5
10 ke k, 1 45 35 250 @ 60 4 3,2
22 k& k, 1 66 52 250 @ 70 4 2,2
47 kS k, 1 . 97 77 500 @ 5 70 3 4 1,4
100 kQ k, 1 =141 112 2,5k 8ol 4 1,0
220 k&2 k, 1 210 166 2,5k 80 4 0,7
470 kS k, 1 310 242 5 k@ 80 4 0, 45
1 MQ k, 1 447 354 25 k@ 80 4 0,32
2,2 MQ k, 1 500 500 25 k@ 80 4 0,22
4,7 MQ k, 1 500 500 50 k@ 80 4 0,14
470 Q mto p 9,7 7,7 10 @ 40 5 14
1 kG2 m to p 14 11 25 Q 50 4 10
2,2 kQ m to p < 21 16 25 Q@ 50 4 7
4,7 kQ mtop || 31 24 %5 Q 60 4 4,5
10 k@ | mtop | 5| 45 35 35 @, 60| 4 3,2
22 k€2 m top @ 66 52 35 QD 709 4 2,2
47 kR m to p — 97 77 35 Q@ 70 4 1,4
100 k@ | mtop | 8 141 112 50 @ 80 4 1,0
220 kS m top | 210 166 100 @ 80 4 0,7
470 kQ mtop | | 310 242 250 @ 80 4 0,45
1 MQ | mtop || 447 354 500 @ 80 4 0,32
2,2 MQ m top ~ 1500 500 1 k& 80 4 0,22
4,7 MK m to p 500 500 2,5k 80 4 0,14

1) Measured between terminals 511 and Sy3 (or S and Sy3).

2) Measured between terminals S11 and Syg (or Sg; and Sp9); slider placed at the begin -

ning of the

travel.

3) Measured between terminals S13 and Sy9 (or Sy3 and S99); slider placed at the end of

the travel.

I
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2322 42. 60 mm SLIDE CARBON POTENTIOMETERS

HH T

balance

__ Fig.9¢c Linear law; tap at 1/2
) Valid for all graphs.

nom. resist.| resist.law |tap|max. voltage (V) |max.terminal max., max, |limiting
Ry L acc. to at | at 400C| at 70 oC resist, attenuation| contact| slider
Fig.9 (dB) resist.| current
(% Ry) | at 40 °C
. (mA)
10 ke q - | 45 35 -~ - 4 3,2
22 k&2 q - 66 52 - - 4 2,2
47 k&2 q - 97 77 - - 4 1,4
100 ke q - | 141 112 - - 4 1,0
1220 <9 q - | 250 166 - - 4 0,7
470 k&2 q - | 310 242 - - 4 0, 45
i M q - | 447 354 - - 4 0,32
2,2 MQ q = | 500 500 - - 4 0, 22
4,7 M q ~ | 500 500 - - 4 0,14
1) Measured between terminals S11 and S13 (or S21 and Sy3)
w—— 57,2403 (mechanical travel) ¥ — 114055 * ‘
<«—— 55108 (effective travel }* *“—'—’ R
100 | 72612951 | 100 [715’3 .
5 | g - P
« 80 V4 & 80 //
2 \ /| 2 /!
= 60 3 ] ,/ x© 0 4
40 7 39 === —! /
a ~
20 4 Rr—= “//}
/ A L
7 4N |
0 20 40 60 80 100 0 20 33 40 60 80 100
<§11> slider displacement (513> slider displacement
sz (%% of mechanical travei) 523 (%% of mechanical travel)
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Fig.9d Linear law; taps at 1/3 and 2/3
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60 mm SLIDE CARBON POTENTIOMETERS

2322 42.

R{%Riotal)

R(%Riotal)

R(%Riotal)

100 l ‘ 17261296.1
| |
| ; [
80 t T
| /
60 ‘
I {
i
w0 Y
-
20 /
Jj B . '
15 ol o if
0 20 %o 60 67 80 100

slider displacement
(°/o of mechanical travel}

Fig. 9% Logarithmic law; without tap

72613051
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/

60

¢ /

20
1634 —|— o — ~——~—/’

694 — [— 7 — == -
0 20 40 60 80 100

slider displacement
(®/o of mechanical travel)

Fig.9g Logarithmic law; tap at 1/2

985 L'l 72612974
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7 i
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| f
40 } f
/ 1 i !
\ |
20
7 11 |
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0 o j
0 20 33 40 60 67 80 100

slider displacement
(°/o of mechanical travel)
Fig. 9k Reversed logarithmic law;
without tap
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slider displacement
(%o of mechanical travel)

34

Fig.9f Logarithmic law; tap at 1/3

7261308

100
80—+ } //
60
|
T
|
W -
- A
24— —— —— _T ]
L ) z/ ,
134+ — = —— 2 |
P b |
0 20 33 40 60 &7 80 100

slider displacement
(%o of mechanical travel}

Fig.%h Logarithmic law;
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2322 42. 60 mm SLIDE CARBON POTENTIOMETERS

T

100 ‘ 72612981 100 7261303
= + 3
3 80 i : 80
o I H o T
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sof— | -y 50 e
i e e 4 /
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%—-—— /é E | | 6%4——_—/—» ~$
0 20 33 40 60 67 80 100 0 20 33 40 60 80 100
slider displacement slider displacement
(°/o of mechanical travel) (%o of mechanical travel)
Fig.9m Semi-logarithmic law; Fig.9n Semi-logarithmic law;
without tap tap at 1/3
100 L 7261306.1 100 : 7261309
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0 —1 | oL—=—="T1 |
0 20 40 60 80 100 4] 20 33 40 60 67 80 100
. slider displacement slider displacement
(%% of mechanical travel) (%% of mechanical travel)

Fig. 90 Semi-logarithmic law; Fig.9p Semi-logarithmic law;

tap at 1/2 taps at 1/3 and 2/3
100 I 7266993
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< 80— —f= -4 — /
S N B N | [ [‘/
o« I
60 e —t—
R1 3#15mm R2
A A
40 —
/ L1
20—/ i/
e/
/ i { /
. Y/
0 20 40 60 80 100

slider displacement
(°/o of mechanical travel)
Fig.9q Balance potentiometers
(tandems only)

H “ Tismn 10mm
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60 mm SLIDE CARBON POTENTIOMETERS

2322 42.

Resistance law and tolerance linear, logarithmic, reversed logarithmic,

semi-logarithmic, balance, see Figs. 9ato9q

Tolerance on nominal resistance

+20%

Minimum resistance at the tap(s) =109
Insulation resistance (versions with

external screening), initially > 104 MQ
Maximum dissipation (Pp,ax)

linear resistance law, at 40 °C 0,4W

at 70 °C 0,25 W
logarithmic, reversed logarithmic and
semi-logarithmic resistancelaw, at 40 °c 0,2W
at709C 0,125 W

Test voltage for 1 min 1000 V, 50 Hz
Working temperature range ~10 to +70 °C
Storage temperature range =25 to +70 °C
Category (IEC68) 10/070/21

Operating force (F) 1)
single potentiometers
tandem potentiometers

max < 5

0,75 - 2N F
1,25 -2,5N

Fmin

Permissible force with slider at end stop 1) = 50 N (Fig.10a)

Permissible load perpendicular
to the direction of movement 1)

Permissible torque on slider 1)

Permissible axial force on slider
(push and pull) 1)

<+ <50N

7265470
Fig. 10a

Effective travel of slider contact
Mechanical travel of slider contact

Life

IA

20 N (Fig.10b)
< 30 Nem (Fig. 10c)

A

IA

50 N <30Ncm

1

v

6

__]*SZON

7265468 L-”J 72654691

Fig. 10b Fig. 10c

55 £0,8 mm

57,2 +0,3 mm J see also Fig. 9a

10000 x in both directions

1) Measured for 5 s on a free slider without knob.

+
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2322 42.
N

—  Ganging tolerance *

Linear resistance law, without tap,

at values between 10 and 90% of Ryt <2 dB
Linear resistance law, with tap,

at values between 10 and 90% of Rig¢ <3 dB .
Logarithmic, reversed logarithmic and semi-logarithmic resistance law, without tap,

at attenuations between — 0and —20 dB <2 dB

at attenuations between -—-20.and —30 dB <3 dB

at attenuations between —30 and —40 dB <4 dB
Logarithmic, reversed logarithmic and semi-fogarithmic resistance law, with tap,

at attenuations between 0 and —20 dB <2 dB

at attenuations between —20 and —30 dB k <3 dB

&t attenuations between —30 and —34 dB <4 dB

Crosstalk * (measured according to Fig. 11)

potentiometers with potentiometers without
resistance value internal screening internal screening
at 1 kHz at 10 kHz at 1 kHz at 10 kHz
220 £ to 100k > 70dB = b5 dB > 60 dB > 45 dB
100 k2 to 220k > 60dB > 50 dB > 50dB > 40dB
220 k2 to 470k > 60 dB > 50 dB = 50 dB > 40 dB
470 k2 to 2,2 MQ > 50 dB > 40 dB =40 dB > 30dB
V1 O7—> Vz
vy : / /
Fig. 11 Crosstalk = 20 log ——. Lt —
V2

C l T 7265377
4

—s= MARKING

The potenticmeters are marked at the side with the nominal resistance value, resistance law, period and
and year of manufacture.

* For tandem potentiometers only.
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60 mm slide carbon potentiometers
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2322 42.

60 mm SLIDE CARBON POTENTIOMETERS

code in catalogue number

non?mal linear law log. law reversed semi- balance
resistance log. law log. law
220 Q 02
470 Q 03 63
1 kQ 04 24 44 64
2,2 kQ 05 25 45 65
4,7 kQ 06 26 46 66
10 kQ 07 27 47 67 87
22 kQ 08 28 48 68 88
47 kS 09 29 49 5 69 89
100 ke 11 31 517 71 91
220 k9 12 32 52 72 92 ¢+ 1y
470 k<2 13 33 53 73 93
1 MQ 14 34 54 74 94
2,2 MQ 15 35 55 75 95
4,7 MQ 16 36 56 76 96
10 M¢2 17
330 Q 19
—
e
=
1) Only available without tap.
2) Only available without tap and with tap at 1/3 of the total travel.
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40 mm SLIDE CARBON POTENTIOMETERS

QUICK REFERENCE DATA

Nominal resistance values

linear resistance law : 220 — 4,7 M)

logarithmic, reversed logarithmic

and semi-logarithmic resistance law 1k&2 — 2,2 M
Maximum dissipation at 40 °C

linear resistance law . 0,25 W

logarithmic, reversed logarithmic

and semi-logarithmic resistance law 0,125 W
Climatic category (IEC68) i 10/070/21
DESCRIPTION

This slide carbon potentiometer series inciudes two types:
— single potentiometers, for general purposes,
— tandem potentiometers, for stereophonic purposes.

The single potentiometers comprise a straight carbon track, which is fitted on to a base plate of resin
bonded paper, mounted in a housing of black synthetic resin.

The tandem potentiometers are composed of two carbon tracks, fitted on base plates of resin bonded
paper, which are situated in one housing. The base plates are placed in such a way that the tracks are
opposite each other.

The terminals S11,513 (single) and S11/S21, $13/S23 (tandem) are connected to the ends of the
carbon track (see Figs 1 and 2); terminals Sq2 (single) and Soo (tandem) are connected to the slider
contact. The potentiometer can be supplied with a tap at 1/2, 1/3 or at 1/3 and 2/3 of the total travel.

Both types are available with or without a metal screening at the outer surface of the potentiometer
housing, providing general protection against external interference. The tandem potentiometers can
also be supplied with a metal screening between the two carbon tracks, thus preventing crosstalk.

The potentiometers are available with different connecting terminals and adjustment provisions. -
‘——l:)—l s1 Ts1 2 , $13
s Tsm s13 521 iszz 523
7276907
Single type Tandem type
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CSP40

N

+0,1 Dimensions in mm
-0,3

-2 +0

-—47

<-0°+1,5°
surface A(see "Adjustment Provisions")

1+0,3

12,5203 | 5+0,2
or i —»I |-
16203 Il 5+0,2,

-0,

-

—

2,440,115 ‘

—_—————————— 0

, P

163

g M
Y

T Y © W
ss2iNT sis -
| 1 s201 7 . '
‘ 'f<~25,410,3+1
+115,25+0,15/¢- ‘
<—— 4065403 —»
-~ 54302 — &

Fﬁt v

max

0,3%)

-~ 600 — >

—————— 68,2max

72668975

—

Fig. 1 Single slide potentiometer with solder tags.

= beginning and end terminals respectively

= slider terminal .

= tap terminal at 1/3, 1/2 and 2/3 of the total travel respectively
= earthing terminals (connected to external screening).

S11.513

S12
$14.515.516
$101.5201
(1) Only for potentiometers with external screening.

i

H
I
: , °

1

Is (<] 1o

T
5 45101
e !
S16

R
S11512 X i s1
$21 201\ s2

T sy 522

t S24 S26 !
<—305+0,3 g»l

Fig. 2 Tandem slide potentiometer with solder tags.

R2 R1

( l X s13
S10 S23
3,8+0,3 » <-38+03

7266896.4

Dimensions are identical with those in Fig. 1 except as shown.

$11.813 = beginning and end $91,S23
terminals resp.

=slider terminal potentio-

= tap terminal at 1/3, | meter 1
1/2 and 2/3 of the | (R1)
total travel resp.

= earthing terminals (connected to external screening)

= earthing terminal (connected to internal screening).

= beginning and end
terminals resp.

= slider terminal potentio-

= tap terminal at 1/3, [ meter 2 (R2)
1/2 and 2/3 of the
total travel resp.

S12
$14.815.516

S22
S24.525
S26

$101.5201
S10

To determine the side on which potentiometer R1 is situated, the customer should look for the marking:
this is always placed at the beginning of R1.

138
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40 mm slide carbon potentiometers 2322 43.

7

Connecting terminals

-
T l L
| y T |
1 4,2min 1.0
,2min
R I 02>}t
. ol .
ol < l L ‘ 11"‘0 -cJ 14-
72668951 1 38103~ + i=-38203 77668942 " =01 381+£030
Fig. 3 Solder tags. Fig. 4 Printed-wiring pins.

T

S11 S12 sS4 S15 516 S101 S13

EE A

-
72668931 16e e=2,54

Fig. 5 Hole pattern of the printed-wiring board for a single potentiometer
(viewed on component side).

.4—'*'*58—*’1
S stz S14 S15 $16 S101 S10 S13
P Y
3e . | | '
* S21 S201 S24 525 S26 s22 s23
L A A

| | |¢———— 10— | |

IS

7668924 - 16e e=254
=2

Fig. 6 Hole pattern of the printed-wiring board for a tandem potentiometer
(viewed on component side).

Mounting
The potentiometers are available with screw-mounting facility (M3), making use of the holes in top and =—
bottom.

Potentiometers without screw-mounting facility are also available.
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2322 43.

CSP40

N—

Adjustment provisions

Four adjustment sliders are available:
— symmetrically placed, height 12,5 mm or 16 mm
— asymmetrically placed, height 12,5 mm or 16 mm

7265380.1 _-—J_. - ROA+8'1_'5 L

+01
30°+5° 25:2° "~
0 0

- F\Z\[

35+0)1 I

12,5+0,3

or
16+0,3
0+45°
45 B

-2

«5_8’1 —

surface A(Fig.1)

Fig. 7 End view of potentiometer with <—6_81 —l 7z612921
symmetrically (dotted lines) and asym- '
metrically placed adjustment slider. Fig. 8 Adjustment slider.
TECHNICAL DATA
Unless stated otherwise, all electrical values have been determined at an ambient temperature of 15 to
35 OC, an air pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.
nom. resist. resist. law max. voltage (V) | max. terminal limiting
(Rp) * acc. to resist. slider
Fig. 9 at409C | at 70 °C current
at400C
(mA)
220 Q atod 7,4 5,2 10 Q - 3 33
470 Q atod 1 7,7 10 Q - 3 23
1 kQ | atod 16 1 25 Q — 3 16
22k | atod o | 23 16 25 Q - 3 10
4,7k | atod S | 34 24 25 Q - 2,5 7,2
10 kQ |atod e | 50 35 35 Q - 2,5 5
5| 22 kQ |atod - | 74 52 35 Q - 2,5 33
QY 47 kQ |atod < 1108 Q
= 1100 kQ |atod S | 158 Q
220 k2 | atod Q1234 Q
470 kQ |atod w342 Q
1T M| atod = | 500
22MQ | atod 500
47MQ | atod 500
330 Q atod 9,1
* Measured between terminals S11.and S13 (or Spq and Sp3).
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40 mm SLIDE CARBON POTENTIOMETERS 2322 43

logarithmic

reversed logarithmic

semi logarithmic

nom. resist.| resist.law| tap | max. voltage (V)|max. terminal max. max. |limiting
(Rn) 1) acc. to at | at40°c|at 70°C resist, attenuation| contact | slider
Fig. 9 (dB) resist. | current
(BRy) | at40°C
(mA)
1 kQ etoh o | 11 7,9 25 Q 50 4 11
2,2 kQ etoh S |16 12 25 Q 60 4 7,3
4,7 kQ etoh T | 24 17 25 Q 60 4 5,
10 k@ etoh O I 25 35 Q 60 4 3,5
22 k@ etoh > | 52 37 35 Q 70 4 2,4
47 kQ | etoh 5| 77 54 35 Q2 7012 4 1,6
100 k@ etoh ~ | 112 79 50 Q@ 80 4 1,1
220 k@ etoh = 166 117 50 @ 80 4 0,73
470 kQ | etoh o | 242 170 100 @ 380 4 0,51
1 MQRQ| etoh > | 354 250 500 @ 80 4 0, 35
2,2 MQ| etoh 500 370 500 @ 80 4 0, 24
1k kton o |11 7,9 100 Q 50 4 11
2,2 kQ kton S |16 12 100 @ 60 4 7,3
4,7 kQ | kton o | 24 17 100 Q@ 60 4 5,1
10 k@ | kton 5; 35 25 250 Q 60 4 3,5
22 k@ | kton ~ | 52 37 250 Q@ 70 4 2,4
47 kQ | kton w | 77 54 500 @ 4 | 70 4 1,6
100 k@ | kton | S |112 79 2,5k| )| 80 |3 4 1,1
220 k@ | kton > 1166 117 2,5kQ 80 4 0,73
470  kQ | kton o | 242 170 5 kQ 80 4 0,51
1 MQ| kton > | 354 250 25 kQ 80 4 0,35
2,2 MQ| kton 500 370 25 kQ 80 4 0,24
470 Q@ otor ) 7,7 5,4 25 Q 50 4 16
1 kQ otor g 11 7,9 25 Q 50 4 11
2,2 kQ otor o | 16 12 25 Q 50 4 7,3
4,7 kQ otor 81 24 17 25 Q 60 4 5,1
10 k@ otor @ | 35 25 35 Q 60 4 3,5
22 k@ | otor T 52 37 35 @ |2) 702 4 2,4
47 kR otor o 77 54 35 Q¢ | 70 4 1,6
100 kQ otor <112 79 50 Q 80 4 1,1
220 k| otor | . |166 117 100 © 80 4 0.73
470 k@ otor T | 242 170 250 @ 80 4 0,51
1 MQ| otor | |354 250 500 Q 80 4 0,35
2,2 MQ| otor 500 370 1000 @ 80 4 0,24

1) Measured between terminals Sy and Sy3 (or Spj and S93).

2) Measured between terminals S11 and S12 (or Sg; and Sp9); slider placed at the begin-
ning of the travel.

3) Measured between terminals Sy3 and Sy (or Sp3 and Sp2); slider placed at the end of

the travel.
I ‘ 14



2322 43.

40 mm SLIDE CARBON POTENTIOMETERS

i

balance

nom. resist.| resist. law | tap| max.voltage (V) [max.terminal max. max. limiting
Ry b acc. to at | at40°Clat 70°C  resist. attenuation| contact | slider
Fig.9 (dB) resist.| current
(% Ryp) | at40°C
(mA)
10 kR s - 35 25 - - 4 3,5
22 kR s - 52 37 ~ - 4 2,4
47 k&2 s - 77 54 - - 4 1,6
100 k< s - 112 79 - - 4 1,1
220 k< s - | 166 117 - - 4 0,73
470 k< s - | 242 170 - - 4 0,51
1 M s - | 354 250 - - 4 0,35
2,2 MQ s - | 500 370 ~ - 4 0,24
mmed between terminals Sy and S;3 (or Sg; and S23).
~—— 39,2203 (mechanical travel)* ——s, 0 % *) Valid for all graphs.
<—— 37%08 (effective travel ) * —»1 <
100 7266891, 100 7261300
2 / 3 Ve
& 80 ,/ & 80 ,/
: / : 7
[\ o
60 A 50 /
] T
r / | !
40 T 4 39 ===
LA ! | /
20 / 24— | /?
/ | // f
0 < l ot :
0 20 40 60 80 100 0 20 33 40 60 80 100
(21711) slider displacement (212?5) slider displacement
- (%0 of mechanical travel) (%o of mechanical travel)
Fig.9a Linear law; without tap. Fig.9b Linear law; tap at 1/3.
100 72613041 100 7261307
3 / 3 /]
5 80 / : W A
5 4 A i
o [ .
€ / e J L1 1 [/
0
. ]
40 39 == I
A1 ~ t
20 / 5 S 6 |
)4 A !
| |
. V4 . / L L
0 20 40 60 80 100 0 20 33 40 60 67 80 100

slider displacement
(% of mechanical travel)

Fig.9c Linear law; tap at 1/2.

slider displacement
(%o of mechanical travel)

Fig.9d Linear law; taps at 1/3 and 2/3.
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40 mm SLIDE CARBON POTENTIOMETERS

2322 43.

R(%%oR1otal)

Fig.9k Reversed logarithmic law, without tap.Fig.91 Reversed logarithmic law; tap at 1/3.

100 7261296.1
/
80 /
60
40 1/
/
20 ,/
¢
8 FE—[——F—+FF )
15 o ol et H
0 20 40 60 67 80 100

slider displacement
(°/o of mechanical travel)

Fig.% Logarithmic law; without tap.

100 72613051
E 7
& 80 /
2
4
60
w0 /
//
20
o —— Y A
891 —|— + —l== "7
00 20 40 60 80 100
slider displacement
(°/o of mechanical travel)
Fig.9g Logarithmic law; tap at 1/2.
72612971
985 T T
= 2t —l—1 — Vi ]
& 80
S /
x
60 £ '
/ 1
1
40 }
7 |
|
20
/ 5;
0 } :
0 20 33 40 60 67 80 100

slider displacement
(°/o of mechanical travel)

R(%Ryotal)

R{%Riotql)

100 7261301
/
80 //
60
; /
/
20 /
73 4
3t =l et
0 20 3340 60 80 100

slider displacement
(%o of mechanical travel )

Fig.9f Logarithmic law; tap at 1/3.
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80 //
60
9 S S N N B
_/
22—t |/
T
PRV — i
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0 20 33 40 60 67 80 100

slider displacement
(% of mechanical travel )

Fig.%9h Logarithmic law: taps at 1/3 and 2/3.
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2322 43. 40 mm SLIDE CARBON POTENTIOMETERS
100 7269150 v 7277262
WS == T T
= 93— IRy = SL L 1T _’,_T/
PR R I R N N Py 2
< 80 © pim—E—— + // ‘ —
b 3 /_/ |
“ 60 / - g ”—»_74? |
[ w T
40 / 40—+ / J‘ 1 \{ i i ji
| - |
[ T
20 // 20 ,/ ] T |
|
i T
0 0 1] |
0 20 40 60 80 100 0 20 3340 6067 80 100

slider displacement
(%o of effective travel)

Fig.9m Reversed logarithmic law;
tap at 1/2.
100

7261298.1

/

R(%Ryiotal)
®
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3
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I
|
|
I
|
|
|
i
|~
~N

554 —|—
40
)4
i
20 ' |
G I ——— |
sl 1 - il
0 — 14 L
0 20 33 40 60 67 80 100

slider displacement
(°/o of mechanical travel)
Fig.9% Semi-logarithmic law;

without tap.
72613061

100

R(%oR+otar)
®
o

2]
o

40 /
/

222+ —t —+——+——

20

1034 — —+——t

-

4

0 20 40 60 80 100

slider displacement
(% of mechanical travel)

Fig.9q Semi-logarithmic law;
tap at 1/2.

slider displacement
(% of mechdnical travel)

Fig.9n Reversed logarithmic law;
taps at 1/3 and 2/3.

7261303

100
E
< 80
2
x©
60
40 Ve
//
20 :
1634 —|—— —-—E/
SL—=="N
0 20 33 40 60 80 100
slider displacement
(% of mechanical travel)
Fig.9p Semi-logarithmic law;
tap at 1/3.
100 7261309

/
/
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@
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LR S e S =

20

1034 — |———

s L — ==
2

0 33 40

— 4 — |-

1ol \]<-

60 67 80 100

slider displacement
(%o of mechanical travel)
Fig.9r Semi-logarithmic law;
taps at 1/3 and 2/3.
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40 mm SLIDE CARBON POTENTIOMETERS ! 2322 43,
|

|

7266993
=

100 T
AT

A 11
» 7 /
i /

R{%Riotal)

40—

20 /

0 20 40 60 80 100
slider displacement
(% of mechanical travel)
Fig.9s Balance potentiometers.
(for tandems only)
Resistance law and tolerance linear, logarithmic, reversed logarithmic,
semi-logarithmic, balance, see Figs.9ato 9s

Tolerance on nominal resistance +20%
Minimum resistance at the tap =10Q
Insulation resistance (versions with
external screening), initially > 10* MQ
Maximum dissipation (Pppax)
linear resistance law, at 40 °C 0,25 W
linear resistance law, at 70 °C 0,125 W
logarithmic, reversed logarithmic and
semi-logarithmic resistance law, at 40 °C 0,125 W
semi-logarithmic resistance law, at 70 °C 0,0625 W
Test voltage for 1 min (versions with
external screening) 1000 V, 50 Hz
Working temperature range -10 to +70 °C
Storage temperature range =25 to +70 °C
Climatic category (IEC68) 10/070/21
Operating force (F) *
single potentiometers 0,75 - 2N } Frax < 3
tandem potentiometers 1,25 -2,5N min ’
Permissible force with slider at end stop * = 50 N (Fig. 10a, next page)
Permissible load perpendicular
to the direction of movement * < 20 N (Fig. 10b, next page)
Permissible torque on stider * < 30 Ncm (Fig. 10c, next page)

Permissible axial force on slider
(push and pull) *

A

50N

*Measured for 5 s on a free slider without knob.

I I



2322 43,

1A

30N

J*’—SZON v
6

7265470 *‘
7265468 u
772654691

o
3

1T

<+ <50N

LA

Fig.10a Fig.10b Fig.10c
Effective travel of slider contact 37 £0,8 mm } Iso Fia.9
Mechanical travel of slider contact 39,2+0,3 se¢ also Fig.-9a
Life 10000 x in both directions

Ganging tolerance*
linear resistance law, without tap

at values between 10 and 90% of Ryqt <2dB
linear resistance law, with tap <3dB
logarithmic, reversed logarithmic and
semi-logarithmic resistance law, without tap

at attenuations between 0 and —20 dB <2dB
at attenuations between —20 and —30 dB <3dB
at attenuations between —30 and —40 dB <4dB

logarithmic, reversed logarithmic and
semi-logarithmic resistance law, with tap

at attenuations between 0 and —20 dB <2dB
at attenuations between —20 and —30 dB <3dB
at attenuations between —30 and —34 dB <4dB

Note: Potentiometers with reversed logarithmic law are measured as those with logarithmic law.

* For tandem potentiometers oniy.
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40 mm slide carbon potentiometers

2322 43.

Crosstalk * (measured according to Fig. 11).

potentiometers with potentiometers without
X internal screening internal screening
resistance value
at 1 kHz at 10 kHz at 1 kHz at 10 kHz
220 2to 100 kL > 70dB > 55 dB > 60 dB > 45 dB
100 k€2 t0 220 k2 > 60 dB > 50 dB > 50dB > 40 dB
220kS2 to 470 k2 > 60dB > 50 dB > 50dB > 40 dB
470kQ2to 2,2 MQ2 > 50 dB > 40 dB > 40 dB > 30dB
v v, O+ »V,
Fig. 11 Crosstalk = 20 log Vo' L/ /

Marking

The potentiometers are marked at the side with the nominal resistance value, resistance law, period and

year of manufacture.

* For tandem potentiometers only.

May 1979
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40 mm slide carbon potentiometers

2322 43.

nominal

code in catalogue number

i linear law log. law reversed semt- balance
resistance 9 log. law log. law
220 Q 02
470 Q 03 63
1 kQ 04 24 44 64
2,2k 05 25 45 65
4,7 kQ 06 26 46 66
10 kQ 07 27 47 67 87
22 k& 08 28 48 68 38
47 kQ 09 29 49 69 89 | only
100 kQ 11 31 51 71 91 | available
220 k& 12 32 52 72 92 | without
470 k2 13 33 53 73 93 | tap
1 MQ 14 34 54 74 94
2,2 M2 15 35 55 75 95
47 MQ2 16 -
330 Q 19
\) (Mav 1979 149






2322 440

CP13
13 mm CARBON CONTROL POTENTIOMETERS
RZ 27512-2
g
Nominal resistance values 4,7, 10 and 22 kQ
Resistance law linear and logarithmic
GENERAL

These potentiometers are destined for use in miniaturized electronic equipment such

as hearing aids, small radio sets, etc.
On account of their applicarion a special construction has been used, which makes

mounting of a control knob superfluous.
The potentiometers can be fixed on a chassis with the supplied mounting nut, cata-
logue number 4322 047 09530.

Dimensions in mm

~+— 55max —
28| 21 . 31 \e of fotation
28 21 o . \ on 2850,
+0)57| £0,2 [ £04 S e of rotation 2\5<3n
11£0,25 ‘02 P O o,
s 0610 T 9%t oo

t -

-
ol 2 e

38"

S1, S2, S3 = potentiometer terminals (S; and S3 are connected to the
ends of the carbon track; S2 is connected to the slider contact)




2322 440

13 mm CARBON CONTROL CP13

POTENTIOMETERS

|
|
|

TECHNICAL PERFORMANCE

Nominal resistance values
Tolerance on the nominal resistance
Resistance law
Contact resistance between carbon
track and slider
linear resistance law
logarithrmic resistance law
Terminal resistance
livrear resistance law
logarithmic resistance law
Insulation resistance
Maximum attenuation
Maximum voltage over the resistance element
Current through slider
Test voltage for 1 min
Working-temperature range
Effective angle of rotation
Mechanical angle of rotation
Operating torque
Maximum permissible torque with
slider at end stop
Life

COMPOSITION OF THE CATALOGUE NUMBER

2322 440 100..

4,7, 10 and 22 kQ
+ 20%
linear and logarithmic

= 5% of Rn
<10% of Ry,

1% of Ry
=0,1% of Ry
> 1 MQ

100 V, 50 Hz
-10 to +70 °C
248 +10°

285 * 30

0,2 -1Ncm

5 Ncem
in excess of 15000 cycles

"——06 = 4,7k l linear

07 =10 kQ [ resistance

08 =22 kQ ) law
26 = 4,7 kS | logarithmic
27 =10 kQ | resistance

28 =22 kQ | law

152 ‘ ’
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2322 460 90009
2322 460 9001
2322 460 90012

CARBON POTENTIOMETERS
for t.v. focus trimming

QUICK REFERENCE DATA

Resistance values

470 k@, 2,7 MQ, 10 MQ

Resistance law linear
Maximum dissipation at 40 °C 1w

Test voltage 10000 V, 50 Hz
Category (IEC 68) 10/070/21

APPLICATION

These potentiometers have been developed for focus applications in television receivers.

DESCRIPTION

The potentiometers comprise a carbon track, which is fitted on to a ceramic base plate
and housed in a non-inflammable plastic case. The terminals Sj and S3 are connected to
the ends of the carbon track; terminal Sy is connected via a contact ring to the slider contact.

Dimensions in mm

17
405"
8535
— -—
0,8 x 30—+« 4
14,7
i +0,2
6 805 i -E_H-AAA--—(
5 * * ! -—!
0
98
02 f 3max
12
St sz s3 panel ‘thickness hzdnl 6’ T ,2
17+01 —135_q < £02
"0 75 |le 289
_>i'0,1 4*:%,1 | 7z691861

Fig. 1. Potentiometers 2322 460 900. . ; spindle in fully counter-clockwise position.

I i



2322 460 90009
2322 460 9001
2322 460 90012

CARBON POTENTIOMETERS

MOUNTING

The potentiometers can be fitted to a panel by means of the two mounting lugs. The hole
pattern is given in Fig. 2.

The requisite panel thickness is 1,8 mm. For thinner panels use must be made of
packing washers.

B
v | : |
<[] (O 1]
P » |
-~ e
Fig.2.

TECHNICAL DATA

Unless otherwise specified, all values have been determined at an ambient temperature
of 15 to 35 OC, at atmospheric pressure of 960 to 1060 mbar and a relative humidity of
45 to 75%.

For measuring methods, see IEC publications 190 and 68. For the terms used, the para-
graph "Glossary of terms" should be consulted.

Nominal resistance values (Ry) and tolerances 470 kQ, £20%

2,7 MQ, +20%
10 M2, -10%, +40%
Resistance law linear
Terminal resistance =0,1% of Ry
Contact resistance = 3% of Ry
Insulation resistance > 105 MQ
Maximum dissipation at 40 °C 1w
Limiting slider current at 40 OC,
nominal resistance 470 kQ 1,45 mA
2,7 MQ 0,61 mA
10 MQ 0,32 mA

Maximum voltage at 40 °C

Test voltage for 1 min between
interconnected terminals and chassis

Operating temperature range

Climatic category (IEC 68)

1500 Vd.c., provided that
the maximum dissipation is
not exceeded

10000 V, 50 Hz
-10 to +70 °C
10/070/21

154 l l
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2322 460 90009
2322 460 9001
2322 460 90012

CARBON POTENTIOMETERS

Operating torque 3 to 20 mNm
Permissible end stop torque < 800 mNm
Permissible axial spindle load <100 N
Effective angle of rotation 250 - 2650
Mechanical angle of rotation 300 £50
100 _ 1261009
3 . Il —+
2w f . 4
e T
4 I — 7T ‘7”‘-\4].‘—
60 # / ;
I
Py S I
.y ;
0 I/ I
7 S I
-~ |
0

i
0 23 50 100 150 200 250 260 300
angle of rotation (degrees) -

Fig. 3. Resistance as a function of the angle of rotation.

CATALOGUE NUMBERS FOR ORDERING e

nominal resistance

catalogue number

470 k<2
10 MQ
2,7 MQ

2322 460 90009
2322 460 90011
2322 460 90012

For ordering purposes please quote the catalogue numbers.







2322 460 90016
2322 460 90018
2322 460 9002:

FOCUS POTENTIOMETER UNITS

® For low-bi colour picture tubes*, focusing voltage approx. 4,5 kV
® In conjunction with triplers or 4 diode-split line output transformers

QUICK REFERENCE DATA

2322 460 90016 | 2322 46090018 | 2322 460 90022

Nominal resistance 24 M2 + 20% 59 MQ + 20% | 24 MQ + 10%
Maximum dissipation at 70 °C 3,8W 3,8W 3,8wW
Climatic category, |IEC 68 20/070/21 20/070/21 20/070/21
APPLICATION

These focus potentiometer units have been developed for adjustment of the focusing voltage for low-bi
colour picture tubes.

DESCRIPTION

The potentiometer units comprise three resistance elements, which are connected in series. The centre
element is provided with a slider (see also Fig. 1). The resistance elements are of the thick-film type;
they are attached to a non-conductive temperature-resistant base (Ai903, 96%). The housing of the
potentiometer units is of grey, self-extinguishing, glass-fibre-filled thermoplastic material.

The units 2322 460 90016 and 2322 460 90022 are provided with snap-in clasps for mounting; unit
2322 460 90018 is suited for direct mounting e.g. to a tripler unit.

) R1 R2 R3
Fig. 1. a c
a = focus output voltage of tripler unit; + I *
b = focusing voltage; b 7
c = earth. focusing voltage 7278654.1

* Focus potentiometer units for hi-bi colour picture tubes are supplied under catalogue numbers
2322 460 90027, 2322 460 90028 and 2322 450 90029; see the relevant data sheet.
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2322 460 90016 MFU50

2322 460 90018 MFU46
2322 460 90022 MFU50
OUTLINES Dimensions in mm
11
+0,2[™
SR S -
|« 53402 — - r ::b[fz
T Se——— ; see detail I
a
28,7 !
03 |] |
’ 1,640,115 .
o P e e e | —
6+05 55+0,5
- b N =1
5 e , | ]
>l @ 0,8 (3x) i
. 203 |, 203 +\
+0,2 +0,2 - L03
¢ - e\ vt
—  ssxo1r Y __ ®-005 / '“’é};&z
CEERGZES e | i
— o] s [l ' " s
— 4 = 92 — v +0,2
— 501 £0.1 0 38+0 - la—1%0,1
Y *‘“‘1 [ 4 +| |l=4-25+01
—lie-17£0,05 detail A
- e 286£005 —  7z786731

Fig. 2 Potentiometer unit 2322 460 90016. The indication of the terminals corresponds to those shown
in Fig. 1; terminal d serves for mechanical fitting of the unit.Solder tag a fits Faston receptacles (2,8 x 0,5).

<————— 558+02 —»

«—27,9401—>

20,3 20,3
[+ +01 | 01

. 72786721

0 -
2_0’2 1,2+8’2 {3x)

Fig. 3 Piercing diagram for board mounting of potentiometer unit 2322 460 90016 (component side).
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2322 460 90016
Focus potentiometer units 2322 460 90018
2322 460 90022

«22,5401<— 65+03 —=
1,25 | ~
*:o,zl* 73 - ‘*5:0,2
— =
D! a
50 | /AN . Lb )
+£0,15 )
‘ 20,3
| D' d +0,1
| -
a see detail A —
v =
73302 @j =
S-05 j -
o
G R PAY:
detail A

Fig. 4 Potentiometer unit 2322 460 90018. The indication of the terminals corresponds to those shown
in Fig. 1.

+0,1
=m0t
77777 7| |
Sl = —
/ +0,1
1y 0 Vo Ne=a| (67005 857
-0

$i 1,55 +8,05

fixing method

Fig. 5 Method of fixing potentiometer unit 2322 460 90018 e.g. to a tripler unit BG 1897-541.
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2322 460 90016 MFUS50
2322 460 90018 MFU46
2322 460 20022 MFUS50

0,2
+0,2 9,7
T L o[ 14
| e——— 5344072 —ﬂ’ - ’*ib,z
AT = - : S i e S see detail
T ’ a . L A \ 5&.
28,7 A — »—‘— S —- .
B X B |
' 16,5 |
| b 1,5+0,15 £0,2 !
v ] 4w v _ '
60, 3 75+05 -
0= I R
*H“-D 0,8 4 7278971
le203 7|
+0
- +25+01
‘ > =-1+0,1
v ‘ R
v 0 \ B A
, 5 LN -
5801 VY -0,05 = 3.%02
e L ‘F\EF oD ] 4 i
A s 4 [ 5 ’ ©15
50,1 Tro ™ £0.2
detail A

Fig. 6 Potentiometer unit 2322 460 90022. The indication of the terminals corresponds to those shown
in Fig. 1. The solder tags fit on Faston receptacles (4,8 x 0,5).

<~——— 558%02 — —m
Z"S,?*‘ -
[ - 4»’3*'8»5
N !
K )
! [ 12402 itc—ﬁL " fFsatp?
l RN ]
T 7278967

Fig. 7 Piercing diagram for board mounting of potentiometer unit 2322 460 90022 (comiponent side).
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Focus potentiometer units

2322 460 90016
2322 460 90018
2322 460 90022

TECHNICAL DATA

Nominal resistance value (R1 + R2 + R3, Fig. 1)

Tolerance on nominal resistance

Resistance ratio at 25 ©C (focusing voltage range)

R3 + R2
Riot
R3

Rtot
Variation in resistance ratios at 70 9C

Resistance law of R2

Contact resistance

Maximum dissipation at 70 °C
Limiting element voltage

Insulation resistance between interconnected
terminals and mounting base at 500 V (d.c.)

Test voltage between interconnected terminals
and mounting base for 1 min

Operation temperature range
Climatic category, IEC 68
Operating torque

Permissible end stop torque
Permissible axial spindle load

Note

2322460 .. ..
90016 90018 90022
24 MQ 59 MQ 24 MQ
+20% +20% + 10%*
>0,73 >0,65 >0,73
< 0,60 < (0,42 <0,50
<3% <3% < 3%
linear linear linear
<250 k& <600 k2 < 250 k&2
3,8W 3,8W 3,8W
8,6 kV 8,6 kV 8,5 kV
> 10° M > 10° M > 10° MS2
10 kV 10 kV 10 kV
—20t0+700°C | —20t0 +709C | =20 to + 70 O°C
20/070/21 20/070/21 20/070/21
3,5 to 30 mNm | 3,56 to 30 mNm | 3,5 to 30 mNm
< 800 mNm < 800 mNm < 800 mNm
<12N < 12N <12N

Potentiometer units with different resistance values and resistance ratios, connecting terminals and

spindles are available on request.

MARKING

The potentiometer units are marked with last five digits of the catalogue number, and period and year

of manufacture.

* The + 10% tolerance allows the possibility of applyinga V 92 adjustment, with a total resistance of
e.g. 2,7 M2, between terminal ¢ and earth; as a result the resnstance ratios become = 0,75 and

< 0,55 respectively.

w (June 1979
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MFU50
MFU46
MFU50

3

2322 460 90016
2322 460 90018
2322 460 90022
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2322 460 90027
2322 460 90028
2322 460 90029

FOCUS POTENTIOMETER UNITS

® For hi-bi colour picture tubes*, focusing voltage approx. 7 kV
® [n conjunction with diode-split line output transformers or triplers with or without 25 kV bleeder
resistor

QUICK REFERENCE DATA

2322 460 90027 | 2322 460 90028 | 2322 460 90029

Nominal resistance 24 M2 £ 10% 83 MQ £ 15% 83 M2 + 15%
Maximum dissipation at 70 °C 3,8W 38W 3,8WwW

" Climatic category, |IEC 68 20/070/21 ! 20/070/21 20/070/21
APPLICATION

These focus potentiometer units have been developed for adjustment of the focusing voltage for hi-bi
colour picture tubes.

DESCRIPTION

The potentiometer units comprise three resistance elements, which are connected in series. The centre
element is provided with a slider (see also Figs 2, 4 and 6). The resistance elements are of the thick-
film type; they are attached to a non-conductive temperature-resistant base (AlpO3, 96%).
Potentiometer unit 2322 460 90027 is designed for an input voltage of 8,3 kV; the units

2322 460 90028 and 2322 460 90029 are designed for applications with a 25 kV bleeder resistor.
To obtain better stability of the focusing voltage, unit 2322 460 90028 is, moreover, provided with
a tap for connection to the 6,25 kVtap of a 4-diode-split line output transformer (e.g. AT2076/30);
unit 2322 460 90029 has a similar tap for connection to the 8,3 kV tap of a tripler or a 3-diode-split
line output transformer (e.g. AT2076/51).

The housing of the potentiometer units is of grey, self-extinguishing, glass-fibre-filled thermoplastic
material.

The units are provided with snap-in clasps for mounting.

* Focus potentiometer units for low-bi colour picture tubes are supplied under catalogue numbers
2322 460 90016, 2322 460 90018 and 2322 460 90022; see the relevant data sheet.
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2322 460 90027
2322 460 20028 MFU50
2322 460 90029

OUTLINES Dimensions in mm

T N C———

[ 53,4%0.2 ‘»—a-J /

HlH

5+05 U
4* - l"_
l 4»”40 0,8
< 203
+0,
14:+0.3
v - Y
5,8+0,1 L_JT
—_— 1
I} [ M N
5+0,1 ) 6+0.3
o4 detail
0 etail A
I 203 ‘ ~Ho2
“Tx02 ™

Fig. 1 Potentiometer unit 2322 460 90027. The indication of the terminals corresponds to those
shown in Fig. 2. The solder tags fit on Faston receptacles (4,8 x 0,5).

R1 R2 R3
ao—— " J}— c
e
b s
focusing voltage 7278654.1

Fig. 2 Diagram of potentiometer unit 2322 460 90027.
a = focus output voltage
of e.h.t. device (8,3 kV);
b = focusing voltage;
¢ = earth,
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Focus potentiometer units

2322 460 90027
2322 460 90028
2322 460 90029

- +0,2 -
58,170
534302 - +gb71 -
175 o el 28%08 T 1et02
T '
f ffffffff - see getail 1 ) 15;‘0%1
\ R i i
P =t
/ 16,5 |
l ] 1,540,15 +0.2 -
vy i ‘
6+AOS 77771 = (zz -
=22 ‘ 4 7505 \‘
i | c J
| blq-ﬂ 0,8 * ] 13
le203 o2
0,2 7278970
—
14203 v . ‘
, v
Y . ! _¥ 0 v
58+01 T \ 6-005 = £02
=== S TN s
' ' e L B S v i ‘ -2
5401 - = R 02

Fig. 3 Potentiometer unit 2322 460 90028. The indication of the terminals corresponds to those

detail A

shown in Fig. 4. The solder tags fit on Faston receptacles (2,8 x 0,8).

< { ======"===""—w 25kV
6,25kV
H bleeder %d
resistor - - - -
167 M2 I—— ]I
! R4 ’
a l R1 R2 R3
_———-—-o—-———{l — c
3
L ) N R
Ob
focusing voltage 7278966

Fig. 4 Diagram of potentiometer unit 2322 460 20028.

a

e.h.t. voltage via bleeder
resistor;

= focusing voltage;

earth;
6,25 kV connection.
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2322 460 90027
2322 460 90028 MFU50
2322 460 90029

- 58,1+8*2 _

<—— 53,4+02 —>

- +9,71 -
=1,6402
| |-
]
; ﬂ 8,5
see getull +04
A\ i
— B
16,5
+0,2
A |
13 l
+02
7278968
— | [+25%01
14+0,3 ' 120 . ‘
v | ! v 60 — U Vg
58+01 Y i -0,05 §£02
S ., =%
5—:01 uu H— )JA—‘ +0,2 e 102¢ +0,2
detail A

Fig. 5 Potentiometer unit 2322 460 90029. The indication of the terminals corresponds to those
shown in Fig. 6. The solder tags fit on Faston receptacles(2,8 x 0,8).

«—1 === =====¢ 25kV
<+ 8,3kV
bleeder d

resistor

167 MQ2 - - - 1
1
R2 R3
g S T Oc
1 ‘P N
L 1 b
ob
focusing voltage 7278965

Fig. 6 Diagram of potentiometer

unit 2322 460 90029.

a = e.h.t. voltage via bleeder
resistor;

b = focusing voltage;

c = earth;

d = 8,3 kV connection.
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Focus potentiometer units

2322 460 90027
2322 460 90028
2322 460 90029

TECHNICAL DATA

Nominal resistance value (R1+ R2+ R3, Figs 2,
4 and 6)

Tolerance on nominal resistance

Resistance ratio at 25 9C (focusing voltage range)

R3 + R2
Riot

R3

Rtot
Variation in resistance ratios at 70 °C
Resistance law of R2
Contact resistance
Maximum dissipation at 70 °C
Limiting element voltage

Insulation resistance between interconnected
terminals and mounting base at 500 V (d.c.)

Test voltage between interconnected terminals
and mounting base for 1 min

Operation temperature range
Climatic category, |IEC 68
Operating torque

Permissible end stop torque
Permissible axial spindle load

Note

2322460. ....
90027 90028 90029
24 M 83 MQ2 83 MQ
+10% * +15% +15%
>0,94 >0,94 =0,94
(max. 0,98) (max. 0,98) (max. 0,98)
< 0,75 < 0,75 <0,75
<3% < 3% < 3%
linear linear - linear
< 350 k&2 < 750 k2 < 750 k2
3,8W 38w 3,8W
9 kV 10 kV 10 kV -
>10° MQ >10° MQ >10° MQ
10 kV 15 kV 15 kV
—20to +70°0C | —20 to + 70 OC | —20to + 70 °C ‘
20/070/21 20/070/21 20/070/21
3,6t030 mNm | 3,56 to 30 mNm | 3,5 to 30 mNm
< 800 mNm <800 mNm < 800 mNm
<12N <12N <12N

Potentiometer units with different resistance values and resistance ratios, connecting terminals and

spindles are available on request.

<—— 558+0,2 — "
7,65
MOUNTING '_FO,‘I_’ ‘<—
/ +0,5
ot
Fig. 7 1 | |
Piercing diagram |y Ly +0.2
for board mounting D 1q2+0,2‘.‘c ,;‘B;5v3 0
(component side). A
0 7278967
MARKING 202

The potentiometer units are marked with last five digits of the catalogue number, and period and year

of manufacture.

* The £ 10% tolerance allows the possibility of applying a Vgg adjustment, with a total resistance of e.g.
3,8 M£2, between terminal ¢ and earth; as a result the resistance ratio R3/Ryq¢ becomes < 0,79.

June 1979 16,



MFU50

"%€ > $O,1e4 BOURISISAI JO UOIIBLIREA

-_—

‘stuswalinbai [eniul 10aw |jeys aouelsisal
UOHB|NSUI PUB 32URISISAS 1021U0D

"%G’0 > abeyjon 1asaud Jo Aljigerg

-_—

‘SHuWl| 8dUeIB]01 UIYLIM Bq |jeYS
soliet souessisas pue 103y ‘abewep oy

)

v 40U IuuUZ/
2322 460 90028

2322 460 90029

‘Bujuug poog

Sluswalinbay

-_—

“Oo GZ 18 yuies 03
108dsas yum A /£ 01 paysnipe 18pis

“paidde (-2'p) AY 6 ‘Do 0L 18 Y %

SO[18J 99UBlSISay

. pai|dde
(P) A 099 '%€6 "H'd ‘Do O 18 shep |z

>u_ﬁ_E_.._I

"U3ea 01 108dsal yum A £ 01 parsnipe 1api|s

patidde (2'p) A% 6 ‘0o 0L 18 4 00Ol aoueINpUg

"patjdde abeyjon ou

‘ulw/ss|Ad | Jo s1el e 10 $319A2 oG 3}1] [euoneloy
‘Butuonipuosen y Z
‘pai|dde abeyjon ou ‘Do 0Z—1e Y9}

-_—
"y g bujuonipuooay

"paijdde abeijon ou ‘0g o7 + 12 Yol

1eay Aig

‘uonvallp Jad y z *suonoauip ¢ ‘ww | ‘zH gg

uoneiqip

ainlesadwsal
"Jo0 0L +18 Y % pue 9g 0z— 38 Y % 40 s9ppho g 40 8bueyo pidey
'S g awn jjamp ‘9q Geg “dway 19pjos

‘xny} Auoydojoo pa1eainoe-uou ‘yieq uapjog bunispjog

(8dualaya. 3yoInb) ainpaso.d ‘ 1s81 4O aweu

S

SIN3IW3HIND3Y ANV S1s3L

U

168 June 1979 (




2322 482

10 mm CERMET PRESET POTENTIOMETERS

QUICK REFERENCE DATA

Resistance range (E6-series), linear law 100 2 to 6,8 MQ -
Maximum dissipation at 70 °C 05w

Climatic category, IEC 68 55/125/56 <
APPLICATION

These potentiometers have been designed for preset resistance control with provision for re-adjustments.
They are particulary suitable for use in professional apparatus and/or in those applications where
stability is of extreme importance.

DESCRIPTION

These potentiometers comprise a resistance element of thick film, with particles of conductive

metal dispersed in it. The element is supported by a non-conductive temperature-resistant ceramic

base. The terminals a and ¢ (see Figs 1 to 3 are connected to the ends of the resistance element; terminal

b is connected to the slider.

The potentiometers are available in three versions: two for horizontal and one for vertical mountingon <=—
printed-wiring boards.

Outlines Dimensions in mm
<« 10201 ——»
2 P
140 4 o) \\
*0, ; \
! o
Pk { cis -
£02 1
71 ]
1 r
+02 b ‘
l | » T H
LA v — - L_IC el L Wk mj
Ifl2
0,940,05-o! | l=- e=254
7270296.3 - 508402 = X -1 ] *

72702971
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2322 482 JL

MTP10

i 10201 ———
| 19401 ]
| | . b
S ! ey
| T [ S
10,1 ’
v 10,16 i
125 4 — +0,2 1
+03 | \
] N M
A ‘ 0,3
| %02 | ] o }
I N
v L | |
[lla [ 1+03
03«:0,05-»‘[1« | > le 0
7278302.2 /508402 - ol 35 | 48
£01

-
£0,2

Fig. 2 Potentiometer for horizontal mounting, 2322 4824 . ...

~———10£0)——>
19401 |
> e
L '
f T Iy
h
ey - [
|
A T
’ A I
h
16
+02 74
£0,2 b
| 35
y o allo [l|e
Iy

0,9+0,05 J L

72102943 =l 508+02 |

TECHNICAL DATA

0,3 +»||=

.

2,54 L

+0,2

-
N A
g
7’ \\
/
/ \
1
: £E3 !
I [
| S N I
! [
i
bl f +
7? {} { — L1, R |
I e=2,54
S e W Oy
7278303.1 4
O
N, oD v
O )
e=2,54

7270296

Fig. 3 Potentiometer
for vertical mounting,
23224823....

Unless stated otherwise, all electrical values have been determined at an ambient temperature of 15 to
35 OC, an air pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%. For terms and test

methods see |EC publication 393-1.
Nominal resistance values (Rp)
Tolerance on the nominal resistance
Resistance law and tolerances
Terminal resistance

Contact resistance variation (CRV)
Maximum dissipation (P ax) at 70 ©C

100 2 to 6,8 M£2, see Table 1
+20% and £ 10%
linear, see Fig. 4

< 0,5% of Rygg) 0r 282,
whichever is the greater

< 0,5% of Rtotal
0,5 W, see Fig. 5

'170
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Cermet preset potentiometers

J I 2322 482

Limiting voltage (d.c.)

Limiting slider current

Operating temperature range

Temperature coefficient
Rp <1 MQ
Rp > 1 MQ

Operating torque
Permissible end stop torque
Effective angle of rotation
Mechanical angle of rotation
Rotational life

Settability

Mass

250V

i
Rtotal

—55 to +125 °C

50 ppm/°C
100 ppm/©C

4 to 30 mNm
<50 mNm
220 + 50
235 £ 50
200 cycles

H i+

109/00 of Rygtg] Within 10s -

approx. 1,6 g

7265113

100
E
5 80
o
52
® 80 TTT
|
2l
i
40 =+
1
-t
it
20 -+
[N
4+
Lt
0 -
20 40 47 53 60 80 100
slider displacement clockwise
(% of effective angle of rotation)
Fig. 4 Linear resistance law.
7278910
max.
dissipation
(W)
0,5 ,
|
|
|
|
0 T i
—55 0 70 o 125
Tamp (°C)

Fig. 5 Maximum dissipation as a function of ambient temperature.

April 1979
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N

—s COMPOSITION OF THE CATALOGUE NUMBER

2322482 .....
code for version T code for nominal resistance, see Table 1
2 = potentiometer for horizontal — code for tolerance
mounting, according to Fig. 1 0=1%20%
3 = potentiometer for vertical 2=+10%
mounting, according to Fig. 3
4 = potentiometer for horizontal
mounting, according to Fig. 2
Table 1
nominal resistance code in cat. number nominal resistance code in cat. number
100 101 33 k& 333
150 151 47 k& 473
220 221 68 k& 683
330 Q 331 100 k& 104
470 Q 471 150 k& 154
680 681 220 kQ 224
1. kQ 102 330 k& 334
1,5 kQ 152 470 kQ 474
2,2 kQ 222 680 k& 684
3,3k 332 1 MQ 105
4,7 k2 472 1,5 MQ 155
6,8 k2 682 2,2 M2 225
10 k& 103 3,3 MQ 335
15 k2 153 4,7 MQ 475
22 kQ 223 6,8 MQ 685
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Cermet preset potentiometers
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2422 136 7....

TEST SWITCHES

APPLICATION

These switches are designed to simplify the testing of any electronic circuit by providing a swift means
of changing over from "'normal working’’ to “"test” conditions. They are often used for testing a par- -
ticular section of a circuit immediately after set assembly or later during service.

DESCRIPTION

Three types of switch are available designed for mounting on printed-wiring boards. All types can be
supplied for horizontal or vertical mounting.

The basic switch consists of a rotatable selector contact and two or three switch connections, mounted
on an insulating plate. By turning the selector contact one of the switch connections can be connected
to the centre contact. The contacts are of the “break before make” type. .

One switch type is provided with two active switch connections and a ""centre-off’’ position. The second
type has three active switch connections; the third type has two active switch connections (without
"centre-off”’ position).

Switches are available for screwdriver-control (alfowing the "“flatness’ of printed-wiring circuitry to be
maintained), or finger-control by means of a plastic knob.

February 1979
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OUTLINES Dimensions in mm
| Fig. 1 Test switch for horizontal mounting, with
j f two active switch connections:
¥ 72%05 a. with “centre-off” position,
3+03 i b. without “centre-off" position,
- c. hole pattern for mounting on a printed-
: ¢ 3,5+0,2 wiring board (solder side).
O

32015 4 iy

+01 1,3
’_\0 111505 % 0.320,05 _.’ i._
1+0,1 v v
° 38202 52 e=254 I B
_ U = ; ) Ys2 B
Iy - |
15,2+0,2 - L
(6e)
S
) -
‘ © rﬁQ -
r ! | 7270255 t S3 S1
S1f 7.6+0,2 j53 ' & S—
~ e st 1 Ts3 L
<+—121+0,2—> 7270257 72702611
a b. c
— |
= N !
—— L] [ ¥ 72208 W
+
AR i
! + e=254
45%0,2 J— 35202 — & |
5 u*] E i 4 s2 ‘ '
+0,15
3270 401
,o 112005 X 03%0,05
1.|+0,1 *
0 r\SA
3,8+0,2 AP l
¢ 183 st
15,240,2 & ©
(6e)
J 1
72702601

Fig. 2b Hole pattern for mounting on a
printed-wiring board (solder side).

72702561

<+—12£0,2—>

Fig. 2a Test switch for horizontal mounting,
with three active switch connections.
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-

181 ———r Fig. 3 Test switch for horizontal
L 2+O,2 X1 +0,1 mounting with adjustment knob at the
"0 side of the selector contact.

printed-wiring
board ~a

r— 8105+

== 4/ ¢s£o,1s
v v

—p- |<, 7270258.1

+0,2
1,5 0

«— 1021 ™| printed-wiring
h,2+8,2x1+8,1 < 8405 - board

P
6£0,15 SS=———1a N
g6 ' E ]

- - }

Fig. 4 Test switch for horizontal mounting 15 +8,2 '
with adjustment knob at the side of the base plate. 1

[— )

’ 72702591

a. b.

L | Fig. 5 Test switch for vertical mounting, with two
e=254 S2 L4 active switch connections;

A 3 ’ a. with “centre-off’’ position,
s3 S b. without "centre-off’’ position,

N c. hole pattern for mounting on a printed-
| wiring board (solder side).

|
!
|
©

m=—
A%

7278667
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+0,
—
S3
L—*‘lZ,ZiO,B—»‘ 7278666
v |
e=254 s2), '
4 AV _ 1,3
)
—a
S3 S4 S
7278668
+0,2  ,+0,1
4,2 5°x1 0
i i
—F = 26+0,15
v
AL e 4et02
—a = =15
f <-810,5—>

- 1341 »| 7278670

Fig. 7 Test switch for vertical mounting with
adjustment knob at the side of the selector cont

31 Fig. 6a Test switch for vertical mounting,
s2 33 with three active switch conditions.
2,2
02

Fig. 6b Hole pattern for mounting on a
printed-wiring board (solder side).

< 8+05+

g
i

— 16t ——»

7278669

Fig. 8 Test switch for vertical mounting, with

act. adjustment knob at the side of the base plate.
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TECHNICAL DATA

Contact resistance
initially
after 50 switching operations at < 10 mA, < 500 V
Operating torque
End stop torque
Life
Mass

switch without knob
switch with knob

COMPOSITION OF THE CATALOGUE NUMBER

24221367 ....
0 = without knob —l 2=
1 = with knob at the side
of the base plate
2 = with knob at the side
of the selector contact 3=
33 = horizontal mounting ————— 4=

72 = vertical mounting

<20 mQ2
<200 mQ

5to 50 mNm
< 100 mNm

> 50 switching operations

approx. 1g
approx. 1,5 g
-
OFF
with 2 active switch é 0
. . St S3
connections; with
off position S2
. . . S4
with 3 active switch o) &,
connections
S2
with 2 active switch 5
connections; without st fsa
off position - msan $52
\ ﬂebruary 1979 183
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STANDARD SERIES OF VALUES IN A DECADE
for resistances and capacitances
according to I.E.C. publication 63

E192 E96 E48 | E192 E96 E48 | E192 E96 E48 | E192 E96 E48 | E192 E96 E48
100 100 100 | 169 169 169 284 481 816

101 172 287 287 287 | 487 487 487 | 825 825 825
102 102 174 174 291 493 835

104 176 294 294 499 499 845 845
105 105 105 178 178 178 298 505 856

106 180 301 301 301 511 511 511 866 866 866
107 107 182 182 305 517 876

109 184 309 309 523 523 887 887
110 110 110 187 187 187 | 312 530 898

111 189 316 316 316 | 536 536 536 | 909 909 909
113 113 191 191 320 542 920

114 193 324 324 549 549 931 931
115 115 115 196 196 196 | 328 556 942

117 198 332 332 332 | 562 562 562 | 953 953 953
118 118 200 200 336 569 965

120 203 340 340 576 576 976 976
121 121 121 205 205 205 | 344 583 988

123 208 348 348 348 590 590 590

124 124 210 210 352 597

126 213 357 357 604 604 E24 E12 E6.. E3
127 127 127 | 215 215 215 361 612 10 10 110 10
129 218 365 365 365 619 619 619 11

130 130 370 626 12 12
132 221 221 374 374 634 634 13

133 133 133 223 379 642 15 15 15
135 226 226 226 | 383 383 383 649 649 649 16

137 137 229 388 657 18 18
138 232 232 392 392 665 665 20

140 140 140 | 234 . 397 673 22 22 22 22
142 ’ 237 237 237 | 402 402 402 | 681 681 681 24

143 143 240 407 690 27 27
145 243 243 412 412 698 698 30

147 147 147 | 246 417 706 33 33 33
149 249 249 249 | 422 422 422 | 715 715 713 36

150 150 252 427 723 39 39
152 255 255 432 432 732 732 43

154 154 154 | 258 437 741 ‘ 47 47 47 47
156 261 261 261 442 442 442 750 750 750 51

158 158 264 448 759 56 56
160 267 267 453 453 768 768 62

162 162 162 | 271 : 459 777 68 68 68
164 274 274 274 | 464 464 464 | 787 787 787 75

165 165 277 470 796 82 82
167 : 280 280 475 475 806 806 91
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