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Appendix

Valve Equivalents and Near Equivalents

Many of the following valves are only near equivalents. No distinction has been made between special
quality types and ordinary types. The valves listed are those used in the circuits in this book or those
likely to be found in counting equipment, A few semiconductor equivalents are included.

ASGS5121 (See CV797)

BD 302 (see CV5278)

B65 (see CV278)

B152 (see CV455)

B309 (see CV455)

B329 (see CV491)

B339 (see CV492)

B5031 (see GR10M)

CC3L, CV2213, NT2, CV2266.

CCTe6, CV6016.

CV131, EF92, W77, V884, 9D6, CV4015, MS8161,
E2016, 6CQ6, VP6, 6F21, 6065.
CV138, 6AMS6, EF91, 6F12, Z77, R144, SP6, 8D3,
CV4014, 6064, PMO7, HP6, M8083, QA2403.
CV140, 6ALS, EB91, 6D2, EAA91,
CV4007, DD6, D77, D152, E91AA, 5726, 6097,
M8212, EAA901S, M8079, CV4025.

CVv216, OD3, VR150/30, QS150/40, GD150/AS,
KD25, 150C3, GL150/30.

CV278, 6SN7,B65, 13D2, CV1988, CV3627.

CV283 (see CV140)

CV378, 53KU, GZ37.

CV432, ME1400.

CV448, OA81, GEXS54, GEXS5S5, 1N476, CV1353.

CV455, ECC81, 12AT7, 12ATTWA, E2157, B152,
B309, 6060, CV4024, ECCR01S.

CV491, 12AU7, ECC82, E2163, B329, M8136, 6067,
CV4003, ECC186, ECC8028, 5814A.

CV492, 12AX7, ECC83, B339, E2164, 6057, 6L.13,
MS8137, CV4004, ECC8038, 12DM7, 12DT7.

CVv283,

CV493, 6X4, U78, EZS0, CV4005.

CV569, 6SL7, CV1985.

CV575, 5U4G, U52, CV841, CV1071.

CV593, GZ32, 5V4, 5AQ4.

CV797, EN9L, 2D21, E1855, 20A3, PL21, PL2D21,
5757, M8204, CV4018, 4G /280K, ASG5121.

CV841 (sce CV575)

CV850, 6AKS, EF95, 5654, 731 A, CV4010.

CV858, ECCY1, 676, 6101, M8081, TS52, CV4031..

CV1054, EB34, D63, 656, OM3, CV554, CV1301,,
CV1929, CVi930.

CV1376, EF80, 6BX6.

CV1535, EZ80, 6V4.

CV1739, GC10/4B, 6802.

CV1740, GS12C.

CV1832, GD150M, OA2, 150C3, QS1207, 4020,
6073, CV2903, CV4020.

CV1854, CV1856, 5Y3, US0, CV4027.

CV1862, 6AQS, EL90, 6005, N727, CV4019.

CV1863, CV1864, 5Z4, R52, CV2748.

CV1929, CV1930 (see CV1054).

CV1985 (see CV569)

CV1988 (see CV278)

CV2127, 6CH6, EL821, EL803, 7D10.

CV2136, 6BWG.

CV2209, 6F33.

CV2213, (see, CC3L)

CV2223, G10/241E.

CV2224, G1/371K.

CV2271, GCI0B/S, Z303C, 6482.
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CV2290, VX3163, GEX66, CV7110
CV2325, GS10C, Z5028, 6476.
CV2434, 7803U, GTE130T, 6779.
CVv2468, XC18.

CV2492, E88CC, 6922, CCa, CV5231, CV3472.

CV27438 (see CV1863)

CV2975, EL84, 6BQS5, N709, EL171, 6EM35, 6P15,

CV3627 (see CV278).
CV3934, IN34A, OA150
CV4003 (see CV491).
CV4004 (see CV492).
CV4005 (see CV493).
CV4007 (see CV140).
CV4010 (see CV850).
€V4014 (see CV138).
€V4015 (see CV131).
CV4018 (see CV797).
CV4019 (see CV1862).
CV4024 (see CV455).
CV4025 (see CV140).
V4031 (see CV858).

CV5072, EZ81, UU12, 6CA4, UT09.

CV5080, EF37A, OM5A, R121.
CV5106, EIT, 6370.

CV5122, Z900T, 5823, GTR80M, ASG5823.

CV5143, GC10D.

CV5149, 1N191.

CV5173, 90C1, GD90M, QS1215.
CV5214, ES0CC, 5920, ECC960.
CV5217, XC23.

CV5231 (see CV2492).

CV52717, ET51.

CV5278, Z510M, BD302, 6844.
CV5290, VS10G.

CV5291, Z503M, GR10A.
CV5348, GTE175M.

CV5472 (see CV2492)

CV5820, Z700U, Z70U, 7710.
V5842, GR10OK.

CV6016, CCTS.

CV6044, GC10B/L.

CV6100, GC10/4B/L.

CV6103, VS10H.

CV7004, OC45, CV5105, GETS873.
CV7007, OC77, 2N284A.
CV7040, 0A202, MS4-H.
V7047, OAS, CV7048.

376

CV7110 (see CV2290).
CV7114, OA211.

DD6 (see CV140).

D77 (see CV140).

D152 (see CV140).
EAA91 (see CV140).
EB34 (see CV1054).
EB91 (see CV140).
ECCB81 (see CV4535).
ECCB82 (see CV491).
ECCB83 (see CV492).
ECC91 (see CV858).
ECC960, ESOCC.
ECC962, E92CC
EF37A (see CV5080).
EF91 (see CV138).
EF92 (see CV131).
EF95 (see CV850).
EL83, 6CKS6.

EL84 (see CV 2975).
EL90 (see CV1862).
ELB21 (see CV2127).
ENO1 (see CV797).
ET51, CV5277, 6700.
EZ80, CV1535, 6V4.
EZ81 (see CV5072).
EZ90 (see CV493).

EIT, CV5106, 6370.
E88CC (see CV2492).
E90CC (see CV5214).
E92CC, ECC962

E2016 (see CV131).
E2163 (seeCV491).
E2164 (see CV492).
GC10B, GC10B/S (see CV2271).
GCI10B/L (séé CV6044).
GC10/4B, CV1739, 6802.
GC10/4B/L, CV6100.
GCI10D, CV5143.
GC10/2P, 6879.
GD90M (see CV5173).
GD150A/S (see CV216).
GD150M (see CV1832).
GEX34, GEX55 (see CV448).
GEX66 (see CV2290).
GL150/30 (see CV216).
GRI10A, Z503M, CV5291.




G1.0M, Z520M, TA542, ZM 1020, B5031, 8037.
GIIOK, CV3842,
GEOC/S (see CV2325)
Gf2C, CV1740.

G 80M (see CV5122).
G1i120T, Z806W, ZC1020.
G~ 311307 (see CV2434).
G73i175M, CV5348.
G2 (see CV593).
Gii7,53KU, CV378.
Gi371K, CV2224.

G [241E, CV2223,
K125 (see CV216).

M 1400, CV432,

M)81 (see CV858).

M .36 (see CV491).

M 137 (see CV492).

M (61 (see CV131).

M 212 (see CV140).
N1 (see CC3L).

N 19 (see CV2975).

0.2 (see CV1832).

0.5, CV7047.

0. 31 (see CV448).

0. 202, CV7040, MS4-H.
0145 (see CV7004).
O3 (see CV216).

0O 3 (see CV1054).

O 5A (see CV5080).
P1:1, PL2D21 (see CV797).
Q) .50/40 (see CV216).
Q! 207 (see CV1832).
Q' 215 (see CV5173).
R:: (see CV1863).

St (see CV138).

T. 542 (see GR10M).
U ! (see CV575).

U3 (see CV493).

U )9 (see CV5072).
V.5 (see CV131).

V. 150/30 (see CV216).
Vi.0G, CV5290.

V! .0H, CV6103.

Vii4 (see CV131).

W 7 (see CV131).

X 18, CV2486.

X 23, CV5217.

ZC1020, GPE120T, Z806W.
ZM1020 (see GR10M).
ZM1021, Z521M.
ZM1040, Z522M.
ZM1050, Z550M.
ZM1060, Z505S.
ZM1070, Z504S, 8433.
Z71000, 8228.

Z70U (see CV5820).
Z70W, Z700W, 7709.
Z71U, Z7010, 7711.
Z77 (see CV138).
Z303C (see CV2271).
Z502S (see CV2325).
Z503M, GRI10A, CV5291.
75048, ZM1070, 8433.
75058, ZM1060.
Z510M (see CV5278).
Z520M (see GR10M).
Z521M, ZM1021.
Z522M, ZM1040.
Z550M, ZM1050.
Z700U (see CV5820).
Z700W, Z70W, 7709.
Z701U, Z50T, 7711.
Z803U (see CV2434).
Z804U, 7713.

Z806W, GPE120T, ZC1020.
Z900T (see CV5122).
1N34A (see CV3934).
2D21 (see CV797).
5AQ4 (see CV593).
5V4 (see CV592).

5U4 (see CV575).

5Y3 (see CV1854).
5Z4 (see CV1863).
6AKS (see CV850).
6ALS5 (see CV140).
6AMSG6 (see CV138).
6AQ5 (see CV1862).
6BQ5 (see CV2975).
6BW6 (see CV2136).
6CA4 (see CV5072).
6CHG6 (see CV2127).
6CK6, ELS83.

6CQ6 (see CV131).
6D2 (see CV140).
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6F12 (see CV138).
6F21 (see CV131).
6F33, CV2209,

6H6 (see CV1054).

6J6 (see CV858).

6SN7 (see CV278).
6SL7, CV569, CV1985.
6V4, CV1535, EZ30.
8D3 (see CV138).

9D6 (see CV131).

12A7T7, 12ATTWA (see CV455).

12AU7 (see CV491).
12AX7 (see CV492).
13D2 (see CV278).
53K U, CV378, GZ37.
90C1 (see CV5173).
150C3 (see CV216).
5654 (see CV850).
5726 (see CV140).
5814A (see CV491).
5823 (see CV5122).
5920 (see CV5214).
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6057 (see CV492).
6060 (see CV455).
6067 (see CV491).
6073 (see CV1832).
6097 (see CV140).
6101 (see CV858).
6370, E1T, CV5106.
6476 (see CV2325).
6482 (see CV2271).
6700, ET51, CV5277.
6779 (see CV2434).
6802, GC10/4B, CV1739.
6844, Z510M, CV5278.
6879, GC10/2P.

6922 (see CV2492).
7710 (see CV5820).
7711, Z701U, Z50T.
7713, Z804U.

8037, Z.520M, ZM1020.
8228, ZZ1000.

8433, 7250458, ZM1070.




Index

Abraham and Bloch 23
Acoustic memory system 354
Activator, scintillation counter 327
A.E.R.E. 1009E scaler 220
Alpha numeric display 307
Alpha numeric indicator tubes 298
Alpha particles 310, 311, 313, 315, 327, 331, 332
Alpha spectrometry 334
Ambient illumination 49
American tubes, 4 and 5 kc/s 117
100 kc/s 117
basic data and connections 119
Amplifier, cascode 314
Harwell-1049 314
very high gain 313
Analogue display 308
Analogue readout 20
Analogue to digital conversion 363
AND gate 30, 122
Anode circuit capacitance 78
Anode coupling 46
Anode current 69-70
design for optimum 70
minimum 71
Anode resistors 219
Anode to guide voltage 77
Anode voltage 72
Anticoincidence circuits 31, 354
Anticoincidence counting 338
Argon 315, 319
Astable circuit, transistor 26
Astable multivibrator 23, 358, 364
Astable valve blocking oscillator 28
Asymmetrical bistable circuits 28, 236
Asymmetrical tubes 68
Automatic counting 359
Automatic range change 294
Automatic scaler 359
Automatic transfer 110
Automation processes 11
Avalanche effect 260, 312
Avalanche multiplication 260

Background count 15
Backward counting 43
Barium titanate 273
Batching 352
Beam switching tubes 181-215
external readout 181
table of data 212
see also Beam X; Trochotron

Beam X switching tube 181, 202-15
1 Mc/s circuit 203
100 ke/s circuit 204
10 k¢/s circuit 204
cathode follower 204, 208
circuits using valves 203
circuits with transistor drive 210
construction of 202
decimal readout 203
low frequency circuit 208
methods of driving 203
resetting 208, 210
shielded 202
simple circuit 208
switching grids 202, 203, 210
table of data 213
target electrodes 202
use with numerical indicator tubes 203
Beat frequency oscillator 294
Beta particle 310, 311, 313, 315, 327, 331
Beta spectroscopy 334
Bias potential 301
Bias voltage 25
Bidirectional counters 46, 49, 51, 52, 69, 101, 104, 107,
262, 306 (see also reverse counting)
routing guides for 101
Binary circuits 16, 25, 46
cascaded 17, 43, 238
decade counting using 17
valve 216
Binary code 18, 363
Binary counters, valve 216
zero state 216
Binary counting circuits 28
Binary-decimal code 363
Binary electrical readout 222
Binary scale 16
Binary stages 19, 216
cascaded 217
zero state 232
Biquinary counter 19
Biquinary decade counter 50
Biquinary indicator tube 298
Bistable circuit 16, 227
asymmetrical 28, 236
cascaded 232
complementary symmetry 250
multivibrator 229
transistor 28, 232, 233
tunnel diode 265
Bistable multivibrator 25, 189
Bistable pulse shaping circuit 277
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INDEX

Blocking oscillator 28, 189, 270, 271
transistor 29
Blocking oscillator circuit 98
Blocking oscillator driving circuit, transistor 87
Blood cells, counting of 354, 355
Bottoming 26, 28, 232
Bottoming voltage 233
Breakover voltage 259-60
Bromine 319
Burndept BE289 “Sensikator” 350
Burroughs Corp., Beam X switching tubes 131, 202-15

Cadmium sulphide photocells 57, 343, 344

Cadmium sulphide nuclear radiation detectors 330

Camera shutter speeds, determination of 357

Capacitive transducers 349

Capacitor coupling 216

Capacitors, ferro-electric 273
speed-up 25, 28
tank 277, 283

Carry gates 266

Cascaded binary circuits 17, 43, 238

Cascaded binary stages 217

Cascaded bistable circuits 232

Cascaded multivibrators 231

Cascaded ternary circuits 231

Cascaded transistor binary circuit 305

Cascading tunnel diode circuits 265

Cascode amplifier 314

Cascode pair 87

Cascode triodes 333

Catching diode 179

Cathode coupled multivibrator 140

Cathode coupling 46

Cathode current 300

Cathode follower 95, 130, 204, 208
circuit 322

Cathode resistor 74

Cathodes, in cold cathode tubes 41
non-glowing 104, 105

Cerberus decade selector tube 120
basic data and connections 123
preset counter 122

_ reset 122

Cerenkov detectors 328

Cerenkov effect 328

Chain circuits, tunnel diode 267

Chain counter 49, 60

Charge control transistor parameters 233

Chlorine 319

Clamping of collector potential 238

Clamping circuit, diode 30

Clamping diodes 77

Clocks, digital 362

Coding systems, special 254

Coil impedance 32-35

Coincidence circuit 30, 122, 195
transistor 31

Coincidence counting 335-38
uses of 335

Coincidence errors 354

. Coincidence gating 87

Coincidence losses 356
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Coincidence resolving time 337
Cold cathode counting tubes 40
Cold cathode diode counting circuits 42
Cold cathode diode ring circuit 44
Cold cathode tubes, advantages of 40
applications of 40
cathodes in 41
general description of 4042
Common anode resistor 56, 58
Common cathode resistor 25
Compensating resistors 301
Complementary symmetry circuits 233, 237, 250
Component tolerances 63
Computing tubes 99
Contact bounce 342
Contact life 34
Contacts, damage to 33
Corrected counting rate 14
Coulter counter 355-57
Count rate measuring circuit 277
Counter tubes 69, 93
Counters, magnetic core 270
Counting, automatic 359
basic methods 11
decade 16
using binary circuits 17
decimal 16
of blood cells 354, 355
of particles. See Particle counting
of small objects 342, 348, 349
predetermined 20
principles of 16
Counting circuits 20
miscellaneous applications 341-73
tunnel diode 264
using special coding system 255
Counting core 271
Counting errors 14, 15
Counting speeds 20-21, 32, 33, 40, 56, 60, 67, 68, 69, 75,
76,81,91,188
Coupling, trigger to trigger 57
Coupling circuits 138
40 cfs 82
400 c/fs 83
400 c/s, input circuit 85
decade counter tubes 80
Dekatrons 94
transistor 86
trigger tube, for double pulse tubes 82
double pulse tubes, power supply for 85
Coupling components 67
Coupling tubes 51, 57
Crystal controlled oscillator 358, 361, 366
Cumulative effect 26, 29
Cumulative process 25, 26
Curie temperature 273
Current for cathode coverage 300
Current sharing 74
Current/voltage characteristic curve 183

Dark current 326, 327
d.c. restoring diode 83




DCTL. See Direct Coupled Transistor Logic
Dead time 14
Decade circuit, economical 238
transistor 238
tunnel diode 267
with GR10A readout 221
Decade counting 16
using binary circuits 17
Decade counting circuit 12
Decade counting tubes 12, 352
Decimal counting 16
Deflector plates 155
Deionisation times 59, 66
Dekatrons 93-113, 342, 346, 359, 361, 366
anode resistors 94
base connections 114
basic data 113
coupling to magnetic counters 111
coupling circuits 94
coupling Trochotron to 195
digital indication from 103
Digitron operation 104
Digitron readout 103
hard valve coupling 94
input circuit for 95, 111
input circuit techniques 107
low voltage 101
power supply 116
reset 96
sine wave input for 95
single pulse 69, 108
transistor drive circuits 98
12-way 107
Delay 18, 26, 71, 78, 87
Delay line, mercury 354
Differentiating circuit 22, 35, 162
transistor 35
Differentiating transformer 251
Diffused junction detectors 331
Digital clocks 362
Digital frequency meters 362
Digital indication from Dekatron 103
Digital indicator tubes 91, 300
Digital indicators, electroluminescent 307
Weston S462 308
Digital multi-meters 363
Digital readout 20, 56, 57
from trigger tube circuits 53
reversible counting with 107
Digital voltmeters 362-68

integrator or voltage to frequency conversion tech-

nique 366

potentiometric or successive approximation tech-

nique 363

ramp technique 365

Digitron 297
cathodes 103, 104
numerical indicator tube 192
operating requirements 103
readout 103, 107

Digits 11, 37

Diode, in differentiating circuit 22
zener 364

INDEX

Diode clamp 51, 83
Diode clamping circuit 30
Diode coupling 219
Diode gate 19, 220, 235, 247
Diode matrix 239, 246, 250
Diode pump 293
Diode pump circuit 278, 281, 289, 291
Direct Coupled Transistor Logic 233
decade 242
Discharge 41, 68
blue 134
in trigger tube 45
Discharge transfer 44, 67, 74
Discrimination against hum voltages 367
Discriminator 314, 316, 317, 322, 329
Display 19, 32, 221, 295-309
‘In-line Digital’ type 295
‘Divide by sixteen’ circuit 17
‘Divide by two’ stage 17
Divided load resistor 322
Division 69, 117
Dosimetry, thermoluminescent 339
Double pulse counting, principles of 72
Double pulse decade tube, Raytheon 117-19
Sylvania 117-19
Double pulse Dekatrons 93
Double pulse selector tube 90, 98
Double pulse tubes 67, 69, 71, 79
anode capacity 78
cathode resistor 74
circuits for 79
guide bias circuit 77
guide bias values 74
guide integrator circuit 78
input pulses 75, 80
maximum counting speed 76
Mullard input circuit for 79
Mullard valve coupling circuit for 80
negative cathode bias 74
output pulse shape 75
pulse amplitude 76
pulse duration 76
resetting to zero 81
sine wave drive 89
trigger tube coupling circuits 82
power supply for 85
Drive circuits, transistor 98
Dynaquad 259, 264
Dynodes 325

E1T. See Mullard Philips E1T
Eccles—Jordan circuit 25
Eccles-Jordan stage 61

Ecko N530F automatic scaler 221, 359
Ecko ratemeters 288, 292
Economical decade circuit 238
Electric fields 181

Electrical discharges 46
Electrical impulses. See Pulses
FElectrical pulses. See Pulses
Electrical readout 69
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INDEX

Electrical symbols 297
Electrodes, locking 152
star shaped 146
Electroluminescent digital indicators 307
Electroluminescent readout 306
Electromagnetic counter 32-39, 116, 141, 144
advantages 20
circuits 33-37
disadvantages 20
predetermined 33
use with E1T tube 178
Electromagnetic register 11, 21, 32
maximum speed 12

Electron paths in mutually perpendicular magnetic and

electric fields 181
Electrostatic force 182
Elesta counting tube 68
Elesta decade selector tube 134
1 Mc/s input circuit 137
10 kc/fs transistor input circuit 143
100 kc/s coupling circuit 140
100 kc/s input circuit 136
100 ke/s transistor input circuit 142
500 kc/s input circuit 137
anode current 135
anode current range 138
anode stray capacitance 135
anode supply voltage 135
basic data and connections 144
blocking oscillator circuits 142
cathode circuits 135
circuit tolerances 136

comparison of types EZ10B and EZ10A 134

coupling circuits 138
digital display 144
input pulses 135
shaping circuit 143
output pulses 135
power supply unit 140
predetermined counting 142
relay output circuit 140
reset circuit 140
transistor circuits 142
Elesta reversible selector tube 146
1 Mc/s decade 150
100 kc/s stage 148
basic data and base connections 151
input pulse shaping circuit 149
power supply voltage 149
pulse shaping circuit 149
readout 148
reset 148
Elesta ring counter 52
Elesta tubes 70, 134
Elliot flow transmitter 351
Emitter followers 237
End viewing tubes 298, 300
Energy spectrometry 328
Engine speed indicator 294
Equipotential lines 181, 182, 184, 186
Ericsson K20 photoconductive cell 343
Ericsson tubes 93-113, 181
basic data 64, 113, 212
External magnet 153, 183

382

Extinction 56

by fall of anode voltage 68

of discharge 73

of tube 42, 45
Extinguishing circuits 46
Extinguishing electrodes 92
Extinguishing pulse 49

Fall time 13
Feedback 18, 19, 23, 238, 239, 281, 284
Feedback circuit 278
Feedback loop 23, 49
Ferrite core 29
Ferrite tubes 251
Ferro-electric capacitors 273
Ferro-electric crystals 273
Ferro-electric materials with rectangular hysteresis
loops 270

Field effect transistor input stages 334
Filter, high pass 22

low pass 23
First guide pulse 72
First guides 68
Five binary decimal counters 257-59
Flip-flops 26
Flow rate 11, 351
Flow techniques 354
Fluorescent coating 154
Fluorescent target 155
Flux counters 270

circuits 272
Flyback circuit 169, 170
Flying spot 353, 354
Formative delay 46
Four layer diodes 259, 260
Four layer PNPN structure 259
Four layer switching devices 259
47 counting 315
Fraction indicator tube 297
Frequency of oscillation 28
Frequency divider 23, 272
Frequency measurement 361
Frequency meter 276, 294

Gallium arsenide 330
Gallium phosphide indicator lamps 309
Gamma ray energy spectrometry 328, 330
Gamma spectroscopy 334
Gas amplification factor 312, 318
Gas counting 315
Gas-filled counting tubes, multi-electrode 67-153
single cathode 40-66
Gas-filled photocell 343
Gas-filled radiation detectors 311-13
circuit 312
Gate current 260
Gating, transistor 259
Gating circuits 30-32
Gating diode. See Diode gate
Geiger-Miiller counter 318-25
accuracy 323
errors 323




Geiger—-Miiller region 312
Geiger tube 13
characteristics 320
high current 324
maximum counting rate 318
output pulses 320
principle of operation 318
probe units 326
quenching in 319
temperature coefficient 324
transistor probe circuit 323
types of 324
Germanium radiation detectors 330, 331
Glow discharge 76
Glow transfer 67
Goto counter 265
Gray code 257
Grid stopper resistors 220
Guanidine aluminium sulphate hexahydrate 273
Guide bias 73, 74, 89, 95, 98
circuit 77
Guide cathode 68, 72, 108
Guide currents 78
Guide electrodes 68, 71
Guide integrator circuit 78
Guide priming 72
Guide pulses 76

Halogen tubes 319

Hartley oscillator 350

Harwell quenching unit 320
Harwell-1049 amplifier 314
Harwell-1067 coincidence unit 337
Health monitoring instruments 313
Heterodyne frequency peaks 362
High speed counters 60

Holding current 259

Hole storage effects 28

H.T. supply voltage, minimum 71
Hydrogen-filled tube 134, 147
Hysteresis loop, rectangular 270

Ignition voltage 245
Ignitron tubes 371, 372
Indicator bulbs 308
Indicator tubes 53, 68
biquinary 298
characteristics of 300
digital 91, 300
fraction 297
gas-filled cold cathode 297
letter 297
Mullard /Philips Z550M 302
numerical 69, 299
circuit 300
operation from unsmoothed supply voltages 301
plus and minus sign 301
point 298
table of data 299
table of data 298
Industrial applications, miscellaneous 341
Inert gases 40
In-line numerical readout 91

INDEX

Inoperative time 14
Input channels, isolating 31
Input circuit for Dekatrons 95
Input pulses, timing of 68
Integrating circuit 22, 78, 87, 91, 95, 277
time constant 98
Interference 220
Internal resistance of the bias supply 77
Inverse tubes 151
Jon removal 59
Ionisation 66
Ionisation chambers 311
pulse 313-15
Tonisation coupling 104
Tonisation time 59
of trigger tube 46
Ions 67, 310, 311

Leading edge 13

Leak resistor 277, 291

Letter indicator tubes 297

Life of polycathode gas filled tube 70
Limiting diode 98

Liquid flow measurement 251
Lithium drifted detectors 331, 334
Locking electrodes 152

Logic circuit 259, 294

Low level diode logic circuit 259

Magnetic core 270
rod like 272
Magnetic core counters 270
wide temperature 271
Magnetic counter, operation 144
Magnetic field 181, 184, 186, 187, 188, 193
Magnetic materials with rectangular hysteresis loops
270
Magnetic memory system 354
Magnetic readout 272
Magnetic reset 33
Magnetic transducers 349
Magnetic scalers 21
Magnetically biased tubes 152
Magnetically reset counters 34
Main cathode 68, 69, 71
Maintaining voltage 41, 42, 44, 47, 49, 63, 67, 72, 14,
76, 19
Majority carriers 265
Mark to space ratio 25, 77
Mazximum current 71
Mean count 15
Mercury delay line 354
Meter readout 12, 239, 247
Methane 315
Microphonic pick-up devices 348
Microscopic particles. See Particle counting
Micro-switch 341
Miller effect 23, 233
Miller integrating valve 288, 289
Miller integrator 365
Miller — Pierce crystal controlled oscillator 349
Minority carriers 233, 265
Module construction 86, 87, 170, 210
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Monostable circuit 25, 29, 35, 79, 179
transistor 28, 36 ‘
Monostable multivibrator 25, 95, 111, 140, 159, 161,
162, 169
Monostable pulse shaping circuits 277
Multi-cathode tubes 40
Multi-decade counters 32
Multi-electrode counting tubes 67
Multi-meters, digital 363
Multiple anode counting tubes 151
Multivibrators 23, 167
astable 23, 358, 364
‘bistable 25, 189, 229
cascaded 231
cathode coupled 140
monostable 25, 95, 111, 140, 159, 161, 162, 169
transistor. circuits 26
Mullard input circuit for double pulse tubes 79
Mullard/Philips cold cathode decade tubes 79-93
table of basic data 92
Mullard/Philips EIT decade counter 154-80
2 ke/s circuit 171
10 kc/s circuit 170
30 kc/s circuit 164
30 kc/s coupling circuit 161
component tolerances 162
30 kc/s input circuit 162
30 kc/s module 170
30 ke/s stages 170
100 kc/s circuit 166
100 ke/s input circuit 167
abridged data 179
anode characteristics 156, 158
anode resistor 161
auxiliary pulse shaper 163
beam stability 157
cathode resistor 170
counting process 158, 159
criterion of stability for any operating point 158
cut-off time 160
electrodes 155
electronic presetting stage 176
flyback circuits 159, 169, 170
flyback time 171
input circuit 166
input pulse 158, 159, 177
input stage 173
marginal tests 169
maximum frequency of operation 160, 171
operating notes 179
other scales 179
output stage 176
practical details 170
predetermined counting 173
principie of operation 154
pulse rise time and amplitude 158
pulse shaper 167
random pulse counting 170
readout 154
rectangular cross beam 155
reset 156, 159
involving beam cut off 160
reset anode 1535, 159, 161
reset anode resistor 172
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Mullard /Philips E1T decade counter continued
reverse counting 179
ribbon shaped electron beam 154, 156
seif-indicating 154
sinusoidal signals 163
stabilising effect of C on 159
stabilising mechanism 158
stable working points 158
switched presetting 178
tube selection 169
use with electro-magnetic counter or relay 178
Mullard/Philips Z550M indicator tube 302
operation as scaler 305
Mullard valve coupling circuit for double pulse tubes
80
Mu-metal screen 188

N gate 259, 264
N (negative) currents 185,
Negative cathode bias 74 265
Negative edges of input waveform 218
Negative resistance effect 183, 265
Neon 319
Neon bulbs 309
Neon diode circuits 305
Neon glow 53
Neon readout from transistor scalers 242
Neon tubes 219, 220, 227, 230, 231, 242, 262, 297
Neutron spectrometers 335
Neutrons 310
Nitrogen 315
Nixie numerical indicator 203, 250, 262, 297
Nodistron 297
Nomotron counting tube 68
Nomotron decade selector tube 70, 124
5 kc/s circuit 125
20 kc/s circuit 127
basic data 133
cathode circuit time constants 124
circuit for 125
coil resistance 132
electrical reset 127
hard valve coupling circuit 129
input circuit 128
input pulse requirements 127
operation from 50 or 60 ¢/s a.c. mains 131
operation of relays from 132
relay 124, 134
reset 127
shield 124
sine wave drive 130
structure of tube 124
trigger tube coupling 130
Non-saturating binaries 251
Non-saturating circuits 237
Nuclear counting 310-40
principle of 310-11
Nuclear physics 11
Numeric pattern 308
Numerical indicator tubes 69, 151, 298
circuit 300
readout from transistor scalers 246
Numicator 297
readout 56
Nuvistor valves 203




Operations, switching 19-20

Optical pick-up heads 342

OR gate 31

Oscillator, blocking. See Blocking oscillator
crystal controlied 358, 361, 366
Hartley 350
Miller—Pierce crystal controlled 349
relaxation 23

Oscilloscope 13, 178

Overlapping pulses 75

P gate 259, 262
Particle counting 352-57
colloidal particles 355
planar field methods 353
virus 357
wide track or line scanning systems 354
see also Blood cells
Particle identification 335
Particle size distribution determination 352
Percentage error 13, 14
Phase relationship between two signals 362
Phase shift control 372
Phosphor scintillation counter 327
Phosphors 325
Phosphotron 307
Photocathode 325
Photocell 11, 359
circuits 342
gas-filled 343
Photoconductive cell 57, 344
Photocoupling 57
Photodiode 335
junction 345
Photoelectric pick-up 137
Photoelectric transducers 342
Photoemission 42
Photoextinction methods 354
Photomultiplier noise 326, 327
Photomultiplier tube 325, 328, 335, 353, 354 -
Photosensitive circuits for driving decade tubes 346
Photosensitive devices 342
Phototransistor circuits 345
Photovoltaic diodes 345
Photran 348
Pick-up devices 341
microphonic 348
Pick-up heads, optical 342
“Pixie’ tube 299
Planar field methods of particle counting 353
Plate type indicators 309
PN junction 330, 345
PNPN devices 259-60, 305
PNPN diodes 260
PNPN light actuated switch 348
P.0O. 100 type counters 32, 36, 179
Point indicator tube 299
table of data 299
Polyatrons 152
Polycathode tubes 40, 67
life of 70
Positrons 310
Post Office register 32, 36

25

INDEX

Potassium niobate 273
Potential divider 80, 81, 83, 85, 137, 173
Potentiometers 176
presetting 177
Power supply, Dekatron 116
rectified unsmoothed a.c. 103
trigger tube coupling circuits for double pulse tubes
82, 85
Power supply frequency 303
Power supply unit 141
Pre-bias 301
Predetermined counters 33, 352
Predetermined counting 20, 63, 142, 173
Pre-scalers 21
Preset counter 33
Presetting potentiometers 177
Priming 41, 72
Priming anode 42
Priming cathode 42, 50, 51
Priming current 93
Priming discharge 59
Priming electrodes 67
Priming resistor 85
Print out 20, 32
Printed circuits, miniature 232
Probe current 93, 134
Production line 11
Projection systems 308
Proportional counters 315-18
operating conditions 316
resolving time 318
stability 318
statistical errors 317
Protons 311
Proximity switch 349
Pulse amplitude 13, 30
analyser 329
limiting circuit 277
Pulse circuits 26-31
Pulse duration 13, 35
Pulse generator 15
Pulse height analyser 355
Pulse height discriminators 279
Pulse ionisation chambers 313-15
Pulse length 35
Pulse routing 364
Pulse shaper 167, 173
Pulse shaping 22, 26, 167, 173
circuits 13, 277
Pulse squarer 167
Pulses 11, 12
closely spaced 13
duration 26
evenly spaced 13, 14
‘ideal’ 12
random 13-15
rectangular 12, 22, 23, 26, 28, 35
sharply defined 22
Pumping core 271

Quenching in Geiger tube 319
Quadrant diagram, trigger tube 45
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Radiation 310
Radiation detectors, gas-filled 311-13
semiconductor 329-30
Radiation monitor 279
Random pulse counting 170
Rate measuring circuits 279
Ratemeters 12, 276-94
accuracy 281
advantages and disadvantages of 276
auto-correction for lost counts 284
automatic control of time constant 288
circuits 279-94
construction 276-79
linear 278, 281, 284
logarithmic 289
statistical errors 279
transistor 292
uses 276 .
Raytheon double pulse decade tube 117-20
Readout 19, 33, 221, 227, 239, 250, 295-309
analogue 20
binary 219
binary coded decimal 295
decade electrical 305
digital 20, 56, 57, 295, 297
from trigger tube circuits 53
Digitron 103
electrical 69, 295
electroluminescent 306
in-line digital 308
in-line numerical 91
low-power digital 308
magnetic 272
meter 239, 247
neon, from transistor scalers 242
Numicator 56
systems for magnetic core counters 270
types of 296
visual 20, 148
Rectangular pulses 28, 75, 77
Relaxation oscillator 23
Relay 37, 47, 63, 66, 141, 144, 177, 195
Relay chatter 343
Relay tube. See Trigger tube
Reset 34, 39, 78, 81, 85, 96, 188, 208
Reset anode resistor 172
Reset circuit 141
resistor in 103
Reset switch 193
Resistor tolerances 62
Resistors, compensating 301
in resetting circuit 103
leakage 291
tolerances 62
voltage dependent 116
Resolving time 13, 216, 217, 220, 235, 255, 288
corrections for 14
determination of 15
valve counting circuits 219
Reverse counting 32, 43, 46, 49-52, 56, 73, 101, 179, 231,
251, 262, 306 (see also bidirectional counters)
Reverse current 70
Reversible counting with digital readout 107
Reversible counting circuit 306
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Reversible transistor decade counters 247
Revolution indicators 293
Ribbon shaped electron beams 156
Ring circuits 19, 232, 257, 305
high power 264
tunnel diode 269
Ring counter 43, 52
transistor 250
trigger tube 49
Ring of two circuit 46
Ring type scaling system 46, 272
Ring valve bistable circuits 229
Ring valve counting circuits 227
Rod like magnetic cores 272
Rossi coincidence circuit 31
Rotation speed measurement 349
Routing calls in telephone systems 352
Routing guides for bidirectional counting 101

Scale of two 16
Scale of three 16
Scale of five 16
Scale of ten 17-19
Scale of twelve 16, 18, 59
Scale of sixteen 19
Scalers 12, 21
automatic 359
transistor. See Transistor scalers
Z550M used as 305
Scaling circuits, solid state 232-75
valve 216-31
Scaling factor 12
Schmitt trigger circuit 25, 96, 128, 138, 149, 348, 350
Scintillation counters 318, 325-29
activator 327
errors 328
liquid 327, 328
phosphor 327
principle of 325
working conditions 328
Set zero switch 184
Second guide pulse 73
Second guides 63
Selector tube 69, 93
double pulse 98
Self extinguishing circuit 51
Self indicating devices 20, 40
Semiconductor equivalents 375
Semiconductor junction detectors 330-35
applications 334
instrumentation 331
Semiconductor materials 329, 344
Semiconductor radiation detectors 329-30
Semiconductors, tunnelling effect in 265
Sensikator, Burndept BE289 350
Shockley diode 259, 260
Side viewing tubes 298, 300
Silicon controlled rectifier 259
Silicon controlled switch 259, 264
Silicon diodes 262
Silicon radiation detectors 330, 331
Sine wave circuit 111
Sine wave drive 89




Sne wave input for Dekatrons 95
Sne waves 98
iimultidecade counter for 90
Single cathode tubes 40
Single digit counters 37-89
Single pulse Dekatron 69
Sinusoidal signals 163
Small objects, counting of 342, 348, 349
Solid state scaling circuits 232-75
Space charge effects 181, 184
Spade electrodes 183
Spade load resistor 185
Spade potential 187
Spade recovery time constant 187
Spade resistors 185, 187-89, 199-201
Spade supply voltage 189, 192
Sparking 116
and spark suppression 33-34
Speed-up capacitor 25, 28, 235
Spurious counts 219
Spurious pulses 342
Sputtering 40, 70, 151, 300
Stabilised H.T. supply 70
Stabiliser tubes 62
Stabilisers 56
Staircase waveform 178, 295, 308, 352, 366
Standard Telephone & Cables Ltd. 124
Starter. See Trigger electrodes
Starter capacitor 47
Statistical delay 46, 303
Statistical error 15, 317
Statistics of counting 15
Steep trailing edge 78
Stepped waveform 352
Stray capacitance 63, 98, 117, 166, 167, 169, 202, 210,
322
Striking voltage 41, 43, 44, 67, 72, 78, 245
Subtraction. See Reverse counting
Supply voltage 63
H.T., minimum 71
maximum value of 71
minimum value of 71
Surface barrier detectors 331
Switch, electronic 176
Switching 16
Switching devices, four layer 259
Switching grid bias 192
Switching grid current 191
Switching grids 186, 189, 191, 199, 203
rod shaped 200
Switching operations 19-20
Switching tube circuits 21
Sylvania double pulse decade tubes 117-20
Symmetrical tubes 68

Tachometer 341, 342, 349
Tank capacitor 277, 283
Target current 187, 193
Target resistor 193
Target voltage 203
Telephone systems, routing calls in 352
Temperature compensation 346
Ternary circuits, cascaded 231
valve 230

INDEX

Ternary scale 16
Thermal delay switch 373
Thermal hysteresis effect 45
Thermoluminescent dosimetry 339
Thermoluminescent techniques 339
Thyratron circuits 66
Thyratron tubes, operation of magnetic counters 37
Thyratrons 177, 277, 371, 372
Time constant 22, 30, 91, 98, 235, 277, 279
Time intervals 368
measurement of short 357
Time markers 368
Time measurement 30
Timer circuit, trigger tube resistance-capacitance 373
Timers for welding 369-73
Timing, use of counting circuits 357-73
Tolerances, component 63
resistor 62
Townsend avalanche 312
Townsend current 41
Trailing edge 13
Transducers, capacitive 349
magnetic 349
Transfer cathode 68, 71
Transfer characteristic 73
Transfer current 44
Transfer discharge 79
Transfer electrodes 68, 71
Transfer potential 78
Transfer sensitivity 70
Transfer time 78
Transfer voltage 78
Transformer, blocking oscillator 28
differentiating 251
Transformer coupling 47
Transient change 12
Transistor astable circuit 26
Transistor binary circuit, cascaded 305
Transistor bistable circuit 28, 232, 233
Transistor blocking oscillator 29
driving circuit 87
Transistor circuits 26, 142, 144, 148
Transistor coincidence circuit 31
Transistor coupling circuit 86
Transistor decade circuits 238
Transistor decade counters, reversible 247
Transistor differentiating circuit 35
Transistor drive 210
circuits 98
Transistor gating 259
Transistor Geiger tube probe circuit 323
Transistor input stages, field effect 334
Transistor inverter 307
Transistor monostable circuit 28, 36
Transistor multivibrator circuits 26
Transistor ratemeter 292
Transistor ring counter 250
Transistor saturated decade, 10 Mc/s 247
Transistor scalers 232
200 Mc/s scale of eight 254
circuits 308
fast 251
neon readout 242
numerical indicator tube readout 246
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Transistors 21
in blocking oscillator circuit 270
junction 232
PNP 235
point contact 232
Transmission detectors 335
Transwitch 259
Trigger current 44
Trigger electrodes 49, 302, 305
Trigger gap 305
Trigger potential 45
Trigger striking potential 45
Trigger tetrodes 46
Trigger to trigger coupling 57
Trigger tube circuit for the operation of a magnetic
counter from a Dekatron 116
Trigger tube counting 67
circuits 46
Trigger tube coupling 130
Trigger tube coupling circuits, for double pulse tubes 82
power supply for, for double pulse tubes 85
Trigger tube resistance-capacitance timber circuit 373
Trigger tube ring circuits, design of 61
Trigger tube ring counters 49
Trigger tube welding timers 373
Trigger tubes 44, 53, 56, 103, 277
binary circuits 46
characteristics of 45, 46
discharge in 45
ionisation time 46
table of 64
Trigger voltage 45, 303
Triggering of valve binary stages 218
Triggering discharge 303
Triggering transistors 234
Trigistor 259, 262
Trinistor 259
Triodes, cascode 333
Trochoid 182
Trochoidal path 182
Trochotron 69, 181, 183-202
basic circuit 183
circuits 189
construction 183
coupling to Dekatrons 195
drive circuits 189
extinguishing voltage 185
flat plate switching grids 193
leakage currents 187
load line 185
low voltage 193
magnetically shielded 188
maximum speed 188
mounting 189
operation of 183
output pulse 198
practical precautions 188
presetting 195
principle of operation 183
readout 191
reset 188, 191, 195
resolving time 188
rod shaped switching grids 200
scaling factors 199
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Trochotron continued
set zero switch 188
shape of electrodes 183
spade characteristics 184
spade load resistor 185
spade supply voltage 185
switching grids 186
table of data 212
target characteristics 187
unshielded 189
Tunnel diode, 20 Mc/s decade scaler 269
bistable circuits 265
chain circuits 267
characteristic 265
counting circuits 264
decade circuit 267
decimal coded binary system 269
ring circuits 269
Tunnelling effect in semiconductors 265
27 counting 315

Unsmoothed power supplies 56, 302

Valve, ring. See Ring valve
Valve binary circuits 216
Valve counting circuits 12
Valve decade using gating diodes 220
Valve equivalents 375
Valve ring counting circuits 227
Valve scalers 21
circuits 216-31
reset 221
Valve ternary circuit 230
Virtual earth 281
Visual display. See Display
Visual readout. See Readout
Voltage comparators 365, 366
Voltage dependent resistor 34, 65, 116
Voltage measuring circuit 277
Voltage stabiliser tubes 150
Voltage stabilisers 41
Voltage to frequency conversion 367-68
Voltage to time conversion 365
Voltmeters, digital 362-68
integrator or voltage to frequency conversion tech-
nique 366
potentiometric or successive approximation tech-
nique 363
ramp technique 365
VOR Navigational aids 362

Welding, timers for 369-73
Weston S462 digital indicator 308
Whiddington circuit 350

Zener diodes 364

Zero offsetting techniques 367
Zero second guide 93

Zero state of binary counter 216
Zero state of transistor binary 232




1C21 65
1IN2939A 266
1TD 37
1TD, t9r0 39
1014 320
1021C 279
12AT7 82
12AU7 195
2D21 66
2N1968 264
3C30 262
4D20-10 262
4D40-10 260
5695 203
5823 64, 65
5823A 65
6476 69, 119
6476A 119
6700 212
6701 212
6704 212
6710 213
6802 119
6879 119
6909 119
6910 118, 119
7155 119
7586 204
7978 119
8262 119
90C1 179
B5018 297
B5094 297
B50113 297
B6037 297
BD-203 212
BD309 188
BD311 212
BIP-8001 250
BIP-8002 251
BX1000 213
BX3000 213

CCT6 64
CVv2223 133
CV455 82
CV5277 212
CV5290 212
CV6103 212

DZ10 120

E1T 12, 20, 21, 69, 154, 295
E299DE/P232 34
E299DE/P338 34
E299DE/[P342 34

E88CC 82

E90CC 167, 178, 170
E92CC 167
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Index to Component and Equipment Codes

ECC81 82

ECC91 170

ECT100 70, 146, 151
EL821 195

EM8§4 351

ENDO1 66

ER1 52, 64

ER2 64

ER3 52, 64

ER32 64

ER33 64

ETS1 186, 201, 212
EZ10A 134

EZ10B 68, 70, 134, 144

F9007 297
9008 297
F9009 297

G1/237G 49, 65

G1/238G 49, 65

G1/371K 59, 60, 65, 345
G10/241E 68, 124, 133, 352
G150/2D 65

G240/2D 65, 345

GC10/2P 113

GC10/4B 69, 93, 99, 113, 114, 361
GC10/4B/L 93, 114

GC10B 69, 93, 113, 114
GCI10B/L 93, 113, 114
GCI10B/S 93, 113, 114
GCI10D 69, 70, 108, 111, 113, 114, 198
GC12/4B 93, 99, 113, 114, 361
GCA10G 69, 101, 104, 105, 107, 113, 114, 346
GDI150M 56, 117

GDTI120M 64

GDTI20T 64

GK10 64

GK32 64

GK33 64

GK40 64

GK42 64

GN4 298

GNS 298

GNS5A 298

GNG6 298

GP10/2P 114

GPE120T 64

GPEL75M 51, 52, 64

GR2G 297, 301

GR2H 297, 301

GR4G 297

GRI10A 191, 221, 299

GR10G 56, 104, 192, 246, 300, 301
GRI10H 192, 246, 302
GRI12G 297

GRI12H 297

GRI15 64, 65

GR16 64

GR20 57, 64, 372
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GR21 61, 64, 65

GR31 64

GR32 64

GR33 64

GR41 64

GR43 64

GS10C/S 69, 71, 93, 113, 114
GS10D 98, 113, 114

GSI10E 98, 113, 114

GS10G 101, 113, 114
GS10H 93, 101, 113, 114
GS10J 101, 113,114

GS10K 113, 114

GS12C 113, 114

GS12D 93, 108, 113, 114
GSA10G 69, 101, 104, 105, 107, 113, 114, 346
GTE120Y 64, 103
GTE130T 64 .
GTE175M 51, 52, 56, 64, 94
GTRI120W 36, 64
GTR150W 116

GTR80OM 64

MO-10R 188, 201, 212

N530F 221, 359
N600 288
N645A 292

0A4G 65
ORP60 57

P22 307
P32 307
P40 307

QT1250 64
QT1251 64

RS240AF 345
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5462 308
SR2 62

VS10G 183, 191, 192, 212
VS10H 191, 192, 212
VS10K 193, 212

XA653 269

XC13 65 )
XC18 46, 47, 52, 56; 65
XC22 65

XC23 47, 65

XC24 52, 56, 65

Z302C 91, 92

Z303C 92

45028 92

Z503M 221, 299
25048 69, 87, 90, 92
75058 90, 92

Z510M 57

Z520M 53, 55, 56, 91
2521M 297

Z550M 247, 297, 302, 305
Z70U 49, 372

LT0U fZ700U 65

Z70W 49

ZT0W [ZTO00W 65
Z71U[Z701U 65
Z700U 49, 53, 55, 82, 83, 85, 86
Z700W 49, 52, 56
Z701U 42, 50
Z303U 65

Z304U 45
Z806W 65, 85
Z900T 65
ZC1010 65
ZM1021 297
ZM1022 298




