








































































































190mm tubes 
8-11 cathodes 

The 9623 8 is a 190 mm (7.5 in .) nom inal d iameter f lat-faced 
photomult ipl ier, hav ing a m inimum cathode d iameter of 172 mm 
(6.8 in .). The dynode system consists of 11 venet ian b lind stages 
w ith the highly efficient and stable CsSb secondary emitting sur
faces developed by EM !. The photocathode is the S-11 (CsSbO) 
type giving a typica l peak quantum effic iency of 17% at 4000A. 

In ord er t o ensure maximum efficiency and un iformity of co llec 
tion o f photoelectrons into D1 , two focus elements are provided . 
F1 is o ne contact on the bulb (the other bei ng cathode) and F2 is 
at pin 14 on the base. 

The 9623 f inds its p ri ncipal use w ith large sc intillation crystals, 
large area p lasti c phosphors and, when used in banks, w ith large 
vo lumes of liquid sc intillators, as in whole body mon ito rs. 

Not. 

a) Each tube is individually calibrated and the test ticket furnished with 
the tube specifies the cathode sensitivity in ,.A/ 1m. the overall voltage 
at 200A/ lm and the dark currem at that overall sensitivity at 20 ·C. 

b) Test data is obtained with cathode -01 voltage held at 750V and a 
"Standard" dynode chain. 

e) In general. when sening up experiments or designing for equipment. 
it is desirable to work at. or below. the ticket voltage of the individual 
tube. 

d) For highest stability in d.c. conditions. mean anode current should 
not exceed 10pA 

2 Any material in contact with the glass envelope must be held at cathode 
potential. Failure to do so may result in erratic operation and high dark 
current. 

3 Take great care in clamping tubes. Excess pressure may fracture the glass 
in which case the warranty is void. 

4 Photomultipliers are affected by magnetic fields and mu-metal shields 
should be used. (see page 64) . 

Focus: with cathode - 01 at 750V. set F1-D1 to ca. 6OOV. F2 · 01 to ca. 
50V. For critical applications adjust F1 and F2 to optimise performance. 

MECHANICAL CHARACTERISTICS 

Max. bulb dia. 190mm (7.5in) 

Max. neck dia . 5Smm (2.2in) 

Min. cathode dia. 172mm (S.8in) 

Cathode type 5-11 

Window material Borosilicate 

Dynodes 11 venetian blind with Cs5b 
secondary emitting surfaces 

Base Low loss 15-pin pressed glass base furnished 
with high quality Teflon socket type B15B 
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ELECTRICAL RATINGS 

Cathode to 0 1 

Recommended cathode to 01 voltage 

Cathode to anode 
(subject to not exceeding 

Overall sensitivity : Rated 
Max. 

Max. anode current (mean) 

Max. anode dissipation 

Max. tolerable cathode current 

Max. operating temperature 

Min. operating temperature 

Anode pulse rise time 

Anode pulse f .w .h.m . 

Transit time 

Capacitance, anode to all dynodes 

Dark current shot noise 
Typica I (). peak) 

Overa ll Sensitivity 
2ooA/ lm 

Cathode 
Sensi t ivity V Dark 

Overall CurrentnA 
Min. Typ. Typ. Max. Typ. Max. 

96238 50 80 1700 2100 150 1000 

1000V Max. 

750V 

3000V Max. 
2000A/ lm) 

200A/ ln 
2000A/ lm 

1mA 

1W 

SO ' C 

- 80 ' C 

12ns 

SOns 

90ns 

8pF 

lumens : 1 .7 x10- 12 
watts : 2.3 x 10- " 

Overa ll Sensitivity 
20ooA/ lm 

V Dark 
Overa ll CurrentnA 

Typ. Max. Typ. Max. 

2100 - 1500 -
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310mm tubes 
8-11 cathodes 

The EMI type 95458 is a 310 mm (12 in .) nomina l diameter 
photomultiplier having a minimum cathode diameter of 250 mm 
(9.8 in.) . The cathode is the standard S- 11 (CsSbO) type having a 
typical peak quantum efficiency of 17% at 4000A. It is fitted with 
11 venetian blind dynodes using the highly efficient and stable 
CsSb secondary emitting surfaces developed by EMI. Optimum 
collection of photoelectrons from the cathode into the large area 
first dynode is accomplished by the adjustment of the potential 
applied to a focusing electrode. 

This efficient collection coupled with high photosensitivity and 
01 gain, render this type particularly suitable for many scintillation 
counting app li cations. It has been used with large Nal -TI crystals 
(up to 11 .5 in .), plastic phosphors, and in banks for observing 
large tanks of liqu id scintillators such as in whole body monitors. 

Since stray magnetic fields affect the operation of photo
multiplier tubes, it is particularly important, with a tube of this size, 
to use a mu -metal shield . 

Not .. 

a) Each tube is individually calibrated and the test ticket furnished with 
the tube specifies the cathode sensitivity in pA/ lm. the overall voltage 
at 200 A/ 1m and the dark current at that overall sensitiviry at 20 ·C. 

b) Test data is obtained with cathode - D1 volts held at 750V and a 
" Standard" dynode chain.· 

c) In general. when setting up experiments or designing fOf equipment, 
it is desirable to work at. or below. the ticket voltage of the individual 
tube. 

d) For highest stability in d.c. conditions. mean anode current should 
not exceed 10pA. 

2 Any material in contact with the glass envelope must be hekt at cathode 
potential. Failure to do so may result in erratic operation and high dark 
current . 

3 Take great care in clamping tubes. Excess pressure may fracture the glass 
in which case the warranty is void. 

4 Photomultipliers are affected by magnetic fields and mu · metal shields 
should be used. (see page 64) . 

• For recommended dynode chains refer to Groups H. I. J on page 14. 

MECHANICAL CHARACTERISTICS 

Max. envelope dia . 310mm (12.2in) 

Min. cathode dia. 250mm (9.Bin) 

Cathode type s -11 

Window material Borosilicate 

Dynodes 11 venetian blind with CsSb secondary 
emitting surfaces 

Base low loss 15. pin pressed glass base furnished 
with high quality Teflon socket type B15B 
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ELECTRICAL RATINGS 

Cathode to D1 

Recommended cathode to D1 voltage 

Cathode to anode 
(subject to not exceeding 

Overall sensitivity : Rated 
Max. 

Max. anode current (mean) 

Max. anode dissipation 

Max. tolerable cathode current 

Max. operating temperature 

Min. operat ing temperature 

Anode pulse rise time 

Anode pulse f ,w.h.m. 

Transit time 

Capacitance, anode to all dynodes 

Dark current shot noise 
Typical (/. peak) 

Overall Sensitivity 
200A/ lm 

Cathode 
Sensitivity V Dark 

IIA / lm Overa ll CurrentnA 
Min. Typ. Typ. Max . Typ. Max. 

95456 40 70 1750 2200 500 4000 

1000V Max. 

750V 

3000V Max. 
2000A/ lm) 

200A/ ln 
2000A/ lm 

1 mA 

1W 

60 ·C 

- BO ·C 

300ns 

500ns 

400ns 

BpF 

lumens : 3.4 x1 0- " 
watts: 4 .0 x10- 15 

Overa ll Sensi tivity 
2000A / lm 

V Da rk 
Overall CurrentnA 

Typ . Max. Typ . Max. 

2200 - 5000 -
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All dimensions are in mi ll imetres wi th inches shown in parentheses 
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Fast linear focused 
tubes 

The 9594B is a high gain , high output current photomultiplier 
tube specially designed to give a very fast time of response. The 
typical anode pulse rise time and f .w .h.m., measured with a pulsed 
light source illuminating the complete cathode area, are 2 ns and 
3 ns respectively . It is particularly suited "tor scintillation counter 
applications involving short resolving times . The CsSb dynode 
coating gives rather higher gain as well as very low gain shift with 
changing count rate when compared with other types of surfaces. 

The 9594B is fitted with a Jedec B20-102 base, but is also 
available with a B19A base as type 9594UB . Either is available 
with a quartz window as type 95940B or 95940U B respectively . 

A fast linear focused structure of 14 dynodes coated with CsSb 
secondary emitting material provides a gain in excess of 10· with 
an output current , under suitable pulsed conditions, linear to above 
300 mA when operated with the appropriate voltage distribution 
along the dynodes . A curved cathode of semitransparent S-11 
type is deposited on a window which is flat externally to facilitate 
coupling to scintillating crystals . A system of focusing electrodes 
providing spherical equipotentials g ives a small spread in transit 
time for photoelectrons from various parts of the cathode into D1 . 

The 9594B is also available with an S-20 cathode as type 
9597B. Types 9595B and 9596B are 10-stage versions having 
S- 11 and S-20 cathodes respectively . All types are available with 
quartz windows and can be supplied uncapped with a B 19A 
base . The relevant suffix designations would be as for the variants 
of the 9594 described above. 

Notes 

8) Each tube is indiVidually calibrated and' the test data furnished with 
the tube gives the anode pulse rise time and anode pulse f.w .h.m 
measured using a pulsed gallium phosphide light source illuminating 
the complete cathode area The usual figures for cathode sensitivity 
and the dark current (at 20 ·C) and voltage corresponding to 5000 
A/lm (9594. 9597) or 50A/lm (9595. 9596) are also entered. 

b) Test data is obtained with cathode - 01 voltage held 8t 300V and 
the non · linear dynode chain shown herein . 

c) The deflector - 01 voltage and the focus - 01 voltage should be 
adjusted for optimum electron collection from cathode and maximum 
gain. It should be noted that due 10 design improvements the deflector 
electrode is being 'progressively eliminated. 

d) In general, when setting up experiments or designing for equipment, 
It IS desirable to work at, or below. the ticket voltage of the individual 
tube. 

e) For highest stability in d.c. conditions. mean anode current should 
not exceed 10 pA. 

2 In order to obtain a high value of peak output current with good linearity 
between input light level and anode current, it IS necessary to provide 
high voltages between the later stages of the photomultiplier tube. 

3 Any matenal in contact with the glass envelope must be l1'eld at cathode 
potential. Failure to do so may resuh In erratic operation and high dark 
current. 

4 Take great care in clamping tubes, particularly those with Spectrosil 
(fused silica) windows. Excess pressure may fracture the glass in which 
case the warranty is void. 

MECHANICAL CHARACTERISTICS 

9594B 9595B 9596B 9597B 
9594UB 9595UB 9596UB g597UB 

Ma)( . envelope dia . " B" versions : 52mm (2.05in) 
"UB" versions : 51 .5 mm (2.02 in) 

M in . cathode dia. 41 mm 41 mm 41mm 41mm 

Cathode type S-11 S-11 S-20 S-20 

Window material " B" and " UB" versions : Borosilicate 
(flat externally, spherical internally) 

"OB" and "OUB" versions : Spectrosil 
(flat externally. spherical internally) 

Dynodes 14 LF 10 LF 10 LF 14 LF 

Base 
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(All linear focused (LF) with CsSb secondary 
emitting surfaces) 

" B" versions: Jedec B20-102 (Socket not supplied) 
" UB" versions: B19A (Socket supplied) 

ElECTRICAL RATINGS 

9594 9595 
9597 9596 

Cathode to D1 400V Max. 400V Max. 

Recommended cathode to D1 voltage 300V 300V 

Anode to last dynode 800V Max. 800V Max. 

Between dynodes 550V Max. 550V Max. 

Overall sensitivity : Rated 5000A/ lm 5OA/ lm 
Max. 10000A/ lm 500A/ lm 

Max. anode current (mean) 1 mA 1 mA 

Max. anode d issipation 0.5W 0.5W 

Max. tolerable cathode current S-11 types: 0 .31'A 
S-20 types: 511A 

Max. operating temperature 60 ' C 60 ' C 

Min. operating temperature -80 ' C - 80 ' C 

Anode pulse rise time: Typical 2ns 2ns 
Max. 3ns 3ns 

Anode pulse f .w.h .m. :Typical 3ns 2.5ns 
Max . 5ns 5ns 

Transit time 50ns 42ns 

Capacitance : 
Anode to all electrodes 
Last dynode to a II electrodes 

"B" types: 6pF 
" B" types: 8pF 

" UB" types: 5pF 
" UB" types : 7pF 

Dark current shot noise 
Typical (A peak) 9594 9595 9596 9597 

· 9594 
· 9597 

t 9594 
t 9597 

· 9595 
· 9596 

t 9595 
t 9596 

lumens : 4.9 x 10- 13 
watts: 6.5 x10- " 

1.3 x10- 12 9.6 x 10- 13 3 .7 x10- 1l 
1.7 x10- ' S 2 .0 x10- 15 7 .7 x 10- 16 

Overall Sensitivity Overa ll Sensitivity 
5000A/ lm 10000A/ lm 

Cathode 
Sensitivity V Dark V Dark 

~A/lm Overall CurrentnA Overall Current nA 
Min . Typ. Typ . Max. Typ. Max . Typ. Max. Typ. Max. 

50 80 2100 2650 300 3000 2300 - 6000 -
100 140 2300 2800 300 3000 2500 - 6000 -

50 80 2300 2850 300 3000 2500 - 6000 -
100 140 2500 3000 300 3000 2700 - 6000 -

50A/ lm 500A/ lm 

50 80 1500 2150 20 50 2200 - 200 -
100 140 1700 2300 20 50 2500 - 200 -

50 80 1700 2350 20 50 2400 - 200 -
100 140 1900 2500 20 50 2700 - 200 -

· Linear dynode chai n t Non·linear dynode chain 

1 



OVERALL SENSITIVITY vs OVERALL VOLTAGE 
Linear Dynode Cha in 
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High 
Voltage 
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Photographs of the anode 
pulse of tube type 9594. 
The rise time is 1.8 n sec. 
and width at half maximum 
height 2.7n sec. The 
base line ri pple is due to 
pick up from the light 
flash er ci rcuits. 
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Focus and deflector potentiometers shou ld be > lOR 
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170!.3 
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18mo)(. . 
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A ll dimensions are in mi llimetres with inches shown in parentheses. 

9594U 

C 
9597U 

153.tJ 
(6.02) 

---,-------,. 
( 

f II 
II 
II 
II 

.41mm . 
(1 .6. ) 

II 
l 

Type 

95948 
95978 

95958 
9596B 

51.5mox. 
(2 .0 2) 

9595U 
9596U 

133:!:3 
( 5.24) 13mox. 

(0.51) 

PIN CONNECTIONS (Viewed from below &Iartmg left of Short Pm or Kev) 

2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 Socke t 

OEF" 0 1 03050709 0 11 013 Ie A 01401201008060402 Ie F K ~J~-

OEF- Ie Ie 0 1 03 05 07 09 Ie A 010 DB 06 04 02 Ie Ie Ie F K ~c:~-

:~~~: DEft' D1 D3 05 07 09 011 0 13 A 014 012 010 08 060402 Ie F K B1SA 

:~::~: DEP Ie Ie 01 03 05 0 7 0 9 A 010 08 06 04 0 2 Ie Ie Ie F K - B1SA 

• Deflector electrodes on Ihese IYpes are bemg progresSIvely eliminated; in which case Ihe relevant pIn will 
be left blank. 
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Rugged 
photomultiplier tubes 

This series of EM I photomultipliers represent a selection of the 
most generally useful types which have been modified or rede 
signed to withstand the severe environmental conditions found in 
military or space applications. They represent a reasonable com 
promise between cost and mechanical performance w ithout 
sacrifice of electrical quality. Properly mounted and encapsulated, 
they will be suitable for most applications of the type mentioned 
above. All EMI rugg ed photomultipliers are constructed almost 
entirely from non-ferromagnetic materials. The standa rd type from 
which each rugged design is derived is given below, the quartz 
versions being available to special order. 

Quartz/ 
Spectrosil 

Ruggedised Standard Ruggedised 
30 mm nominal dia . 9734NB 9734B 97340NB 
50 mm nominal dia. 9647NB 6097B 96470NB 

9644NB 9514B 96440NB 
90 mm nominal dia . 9711 NB 9531B 97110NB 

130 mm nominal dia . 9712NB 9530B 97120NB 

Additional information may be obtained by reference to the 
appropriate data sheets for the standard types. 

Each type which carries the suffix " N" is designed to withstand 
the environmental cond it ions shown herein and to operate suc
cessfully after v ibration . 

Not es 

a) Each tube is individually calibrated and the test ticket furnished with 
the tube specifies the cathode sensitivity in IIA/ lm, the overall voltage 
and the dark current (at 20 °C) at · 

9644NB 2000A/ lm 9711NB 200A/ lm 
9647NB 200A/ lm 9712NB 200A/ lm 
9734N B 50 A/lm 

b) Test data is obtained with a "Standard" dynode chain and cathode 
- D1 voltage held at: 

9644NB 
9647NB 
9734NB 

150V 
150V 
150V 

9711 NB 
9712NB 

300V 
450V 

c) In general. when setting up experiments or designing for equipment. 
it is desirable to work at , or below. the ticket voltage of the individual 
tube 

2 Any material in contact with the glass envelope must be held at cathode 
potential . Failure to do so may result in erratic operatIon and high dark 
current 

3 Take great care in clampmg tubes. particularly those with quartz 
(Spectrosil) windows. Excess pressure may fracture the glass in which 
case the warranty is void. 

4 Photomultipliers are affected by magnetic fields and mu - metal shields 
should be used. (see page 64) . 

5 Window materials, particularly quartz, are permeable to helium. Contact 
with high pressures of helium should therefore be avoided. 

MECHANICAL CHARACTERISTICS 

9644NB 

Max neck dia. 

Max. envelope dia . 51 .5mm 

Cathode dia . 44mm 
(nom) 

Cathode type 

VIBRATION SPECIFICATION 

Sinusoidal vibration along three axes, once, with the frequency 
increasing at a sweep rate of approximately 2 octaves/ minute. 

Frequency Hz g / ZZ Axis g / XX and YY Axes 
10- 50 2 .3 1 
50- 60 10 3 
60-70 14 4 
70- 80 19 4 
80- 90 24 6 
90-100 30 8 

100-200 40 10 
200-500 10 4 
500-2000 21 4 

Random motion along three axes at 0 .07g'/ Hz, bandwidth 20 
to 2000 Hz, 11 .5 g r.m.s. for 4 minutes each . 

At the conclusion of the tests, the tube must be mechanically 
sound and on electrical retest must meet the original specification . 

The above tests are carried out on a small percentage of tubes. 

Since experience has dictated that it is unwise to vibrate tubes 
to be used in the system, because of possible fatigue effects, such 
tubes are routinely subjected only to the following reduced 
schedu le; the frequency increasing at approximately two octaves/ 
minute. 

Frequency Hz 
10- 100 

100-2000 

g / ZZ Axis 
2 

10 
Every tube including the designation " N" in its type number is 

supplied with a test certificate. 

9647NB 9734NB 9711 NB 9712NB 

54mm 54mm 

51.5mm 29mm 91 mm 130mm 

44mm 23mm 77mm 111 mm 
(nom) (nom) (min) (min) 

"N" types 5 -1 1, " QN " types 5-13 

Window material: " N " Borosilicate Borosilicate lime Soda Borosilicate Borosilicate 

"QN " Spectrosil Spectrosil Spectros i l Quartz Quartz 

Dynodes 13VB 11VB 9BG 11VB 11 VB 
All have CsSb secondary emitting surfaces 

Base B19A B19A B14B B19A B19A 
All are low loss pressed glass bases furnished with appropriate high quality Teflon socket 
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ELECTRICAL RATINGS 

Cathode to 01 max. 

Recommended cathode to 01 voltage 

Cathode to anode max. 
(subject to not exceeding 

Overall sensitivity : Rated 
Max. 

Max. anode current (mean) 

Max. anode dissipation 

Max. operating temperature 

Min. operating temperature 

Max. tolerable cathode current 

Anode pulse rise time 

Anode pulse f .w .h .m. 

Transit time 

Capacitance, anode to all dynodes 

Dark current shot noise 
Typical (). peak) 

For recommended dynode chains refer to 
groups shown on page 14 

Ove rall Sensit iv ity 
2000Allm 

Cathode 
Sensitivity V Dark 

~A/lm Overall CurrentnA 
Min . Typ. Typ. Max. Typ. Max . 

9644NB 50 70 1500 2100 50 500 

200A / lm 

9647NB 50 70 1250 1800 5 50 

9711 NB 50 80 1300 1900 5 250 

9712NB ' 50 80 1300 2000 12 500 

50A/l m 

9734NB 50 70 1000 1350 0 .5 5 
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9712 N 
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130mox. 
(5.12 ) 

111 min. 
(4.37) 

54 max. 
(2.13) 

70 nom. 
(2.76) 

9712 N 
170:!:3 
(6.69) 

9712QN 
170:!:5 

13 max. 
(0.51) 

r-44nom-1 ( I. 73) 

9644N 

91mox . 
(3.58) 

77min. 
(3.03) 

9711N 

54mox. 
2.131 

1 23 nom. 

I (0.91) 

1 1-
, - ------ ... 9734N 

9647N 

I 
9647N 
112±3 
(4.41) 

51.5mox 
( 2.02) 

9644N 
121±3 
(4.76) 

13 max. t 
(0.511 

29max 
( 1.14) 

PIN CONNECTIONS (VIewed from below starling left of Short Pm) 

87±3 
(3.43) 

13 mox. 
(0.51) 

Type 1 2 3 4 5 6 7 8 9 10" 12 13 14 15 16 17 18 19 Socket 

9734N Ie 01 03 05 07 09 A Ie DB os 04 02 K Ie 8148 

9644N 0103 Ie 05 D7 09 011 013 A Ie 0120100806 04 Ie 02 Ie K algA 

9647N 01 03 Ie 050709011 Ie A Ie Ie 01008 06 04 Ie 02 Ie K B19A 

97',N al 03 It 05 D7 09 0" Ie A Ie Ie 01008 06 04 Ie 02 Ie K B19A 

9712N 01 03 Ie 0507 D9 011 Ie A Ie Ie 010080604 Ie 02 Ie K e19A 

1 

55nom. 
(2.16) 

13 max . 
( 51) 

9711N 
155:!:3 
(6 .10) 

9711QN 
155 :!:5 

All dimensions are in millimetres with inches shown In parentheses. 



Sockets 
All d imensions are in millimetreswith inches shown in parentheses. 

Type 8148: 
Teflon socket suitable for all 30mm end window and glass 
base side window tubes. 

Type 8158: 
Teflon socket suitable for all 15-pin glass based tubes. 

Type 819A : 
Teflon socket suitable for all 19-pin glass based tubes. 

. ype 814A : 
Polypropylene socket suitable for most overcapped tubes. 

Jedec 820- 102: 
Suitable for all overcapped 
fast linear focused tubes. 66.7 

(2.63) 

1---- (~3i~)-----I 

57.7mox . 
(2.27) 

_27no",.~ (1.06) 

I- 22 no"'. I (O.87) 

5 nom. 
(0.20) 

r 

-

1 
4\.5mox. 

(\ 63) 
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Tube Connector. 
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Shields 
All dimensions are in millimetres with inches shown in parentheses. 
Outside dimensions only are shown. 

Type PS8A : 
Suitable for all 30 mm end window tubes but not side window 
types. This type grips the photomultip lier and does not 
require mounting ears. 

Types PS5A/ B : 
Similar types especially suitable for capped 50 mm tubes. but 
may be used in p lace of PS6B where a close fitting shield is 
desired. 

Type A B C 

PS8A 102 (4 .0) 31.2 (1 .23) 15.9 (0.63) 

PS5A 102 (4.0) 55.0 (2.17) 15.9 (0.63) 

PS5B 133 (5.25) 55.0 (2.17) 15.9 (0.63) 

Type PS6A : 
Simi lar to PS6 B but with mounting brackets spaced fu rther 
apart to facil itate use with 50 mm capped tubes. 

Type PS6B : 
Suitable for most 50 mm t ubes. Extensible and has mounting 
ears to fit Teflon sockets. 

Type PS7 B : 
Su itable for 75 and 90 mm tubes. Extensible and has mounting 
ears to fit Teflon sockets. 

Type PS9B : 
Suitab le for 130 mm tubes. Extensible and has mounting ears 
to fit Tef lon sockets. 

TypePS16B: .,------,--------.-
Suitable for 190 mm tubes. 
Incorporates mounting ears to fit 
Teflon sockets. 
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Type PS17B : 
Suitable for 310 mm tubes. Extensible and has support 
rings for neck and bulb of tube. 
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