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SUMr1ARY 

This report describes the work performed under Phase II 
of NASA contract NAS8-20857. This Phase requires the 
design and testing of a breadboard device to demonstrate 
feasibility to detect micro-explosions of hydrogen in 

air. 

A design study is contained in the Phase I report of 
this contract. (Report R-1167-30). Subsequent work has 
proved the practicability of the proposed system and a 
breadboard has been built to demonstrate its successful 

operation. 

. ... 



1.1 

I. SYSTEM OPER.\TION. 

The explosion detector iA designed to respond to the UV 
radiation from a hydrogen/air explosion, domin~~t at 
3100 A (Figure 1), in the presence of solar radiation, 
which contains radiation at the same wavelength in amounts 
depending on altitude and time. (Figure 2). 

It should be noted that the method of detection employed 
prohibits the device being used to detect the presence of 
a constant hydrogen flame, since constant UV radiation will 
not create an output signal. However as an explosion de­
tector, the device will indicate an explosion within about 
15 milliseconds of ignition. Since the UV radiation from 
a. hydrogen/oxygen flame will probably not be entirely 
constant this device \'lould see the onset of such a flame 
and most probably ~ould respond to variations in the flame's 
level. 

The detector employs two photomultiplier tubes to monitor 
. ~ " 

radiatio~ in the bands 3100 ~ 75 A and 3400 ~ 150 A. Their 
output signals are compared and maintained equ~l by a feed­
back loop regulating the power supply of one photomultiplier 
tube. A time delay in the feedback permits a rapidly chang­
ing input in the signal channel only to cause a temporary 
imbalance corresponding to an explosion. Input optics permit 
a wide angle of vie\i to be mon=:.tored and the response to an 
explosion can be fed to computing equipment to define the 

, .. 
magnitude and position of the explosion. 
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II. DETAIL DESIG_r 

A. Electronics 

Figure 3 shows the electronic part of the detection system 
consisting of two photorr..ultiplier tubes whose outputs a~e 
compared. A filter on PI1T A restricts its radiaJlt input to 
the explosion wavelength at 3100 Z 75 A while PMT B is 
filtered to look at an adjacent wavelength not contained by 
the explosion radiation. i.e. PI-1T B is looking at a typical 
band of ambient radiation only. (In the breadboard, PI"lT B 
looks at 3400 Z 170 A) The difference in outputs is magni­
fied and used to regulate the output voltage of power 
supply B, such that the photomultiplier outputs are main­
tained equal. 

The significant property of an explosion which is exploited 
in this detection system is that the radiation increases 
rapidly within the band under surviellance. Figure 4 
demonstrates the build-up resulting from various hydrogen/ 
air mixtures. Thus the effect of a time constant (el in 
Fig.3) delaying the response of the power supply B pe~its 
the A chCL~el signal to exceed that of the B char~el by a 
significant amount while the feedback loop is catching up. 
This situation can only arise while photomultiplier A res­
ponds to a rapidly increasing radiation wbich the B channel 
cannot see -- corresponding to a hydrogen exp~osion. 

Any out-of-balance signal resulting from the t\.;o photomul ti­
pliers is simultaneously passed through a differentiating 
circuit and what is effectively a level detector. Operational 
amplifier AT 3 is connected such that its o~tput will beco~e 
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negative to switch Ql only whe n both a minimuJ!l level 
and rate of increase of signal exist. The magnitude is 
set to correspond with the thres!101d level specified in the 
contract (4.2 x 10-9 'tlatts/cm2

) and the rate is selected as 
the lowest \'/hich can be expected from mixtures containing 
up to 70% hydro gen at the threshold level (see Figure 4) 
(i.e. 4.38 x 10-10 Watts/cm2 /msec, 100 cm from the ex­
plosion in the band 3100 A ~ 100 A). 

Thus the detector will give an output across R22 only when 
the radiation input has sufficient magnitude and rate of 
increase. These minimum levels can be adjusted by varying 
the magnitudes of R16 and eref •2 respectively. 

B. Optics. 

In order that the electronic detection system may be incor­
porated in a llseful instrument it is necessary to monitor 
as wide an area as possible. Since the responses of an 
interference filter and a photomultiplier are functions of 
the angle of incidence of radiation, input optics are needed 
to present a uniform ioage at the photocathode. In addition 
an optical system enables a single radiation input to the 
detector. 

Figure 5 (SK 368-1) is a schematic of the breadboard optical 
assenbly. Input radiation passes through a stop and ~ 
objective lens to a beamsplitter. The transmitted ray con-

~ 

tinues thro~gh a condenser and 3100 A filter to the signal 
channel (PMT A) while the reflected ray is turned through 90 0 

o 

and passes throu~h a 3340 A filter to the ambient channel 
(PMT B). The beam-splitter transmits alout four times as 
much radiation as it reflects and this is partially compensated 



by the transo ission of the fil tel'S -- the signal ChanJlel 
having a narrO\ier bandwidth and lo·..rer peak transm. ission 
than the ambient channel. 
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The use of an input stop to the optical system per~its the 
emergent cone of rQys to ~~ incident on the focal plane with 
the center ray nearly nO::'.;!3.1 and independenT. of field angle. 
This is necessary since the filter spectral response and 
photomultiplier sensitivity are both functions of angle of 
incidence. 

C. Computation. 

'1:ne specification requires that the "sensing system provide 
an output which is capable of being analyzed to determine 
the location of the ignition source". 

Since the radiation received by a photodetector is proportion­
al to the intensity of radiation and inversely proportional 
to the square of its distance from the source of radiation, 
four detectors ar~ required to determine the magnitude and 
position co-ordinates of an explosion. Figure 6 (SKl68-4) 
shows detectors 1, 2, 3 and 4 located at (0,0,0), (a,O,O), 
(b,c,O) and (f,e,d). Point P represents a micro-explosion. 

The intensity of light I at a distance from the source is 
K/r2, where K depends only on the magnitude of the light 
source. Thus the following equations can be set up for the 
signal received at each detector: 

r 2 x2 2 2 
K/ll = + Y + z = I 

r 2 
2 

= (a - X)2 + y 2 CI 
K/l2 + z = 

C: (b - X)2 (C_y)2 Z2 K/l3 r3 = + + = 

r 4 
a = (f _ X)2 + (e_y)2 + (z + d)2 = K/l4 
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Thus we have four equations describing a ninth degree 
system which can be solved for the four U!L1c..71 0' .. ms x,y, z and 
K and an explicit solution can be fOlli~d for any set of 
conditions. Appendix 1 contains a procedure for solving 
these equations. This assumes that d=J=O, whi.ch requires 
only that the fourth sensor is not in the same plane as 
the other three. 

In practice it is expected that the sensor outputs will be 
fed to some external computing equipment capable of per­
forming the calculations. 

D. Package. 

No attempt has been made to minimise the size of the bread­
board detector. The optical components ~~d photomultipliers 
are mounted on a plate roughly . 12" square ani stand about 
3" high. Plate 1 sho\vs a general vievl of the assembly and 
Figure 7 ·shows how the optical conponents are mounted within 
the input housing. Radiation enters the detector through 
an input stop (not shown in Fig. 7) mountAd in the objective 
lens cell. The electronics are mounted separately on a 
board and the t\'IO high voltage pOvler supplies for the photo­
multipliers (Kepco ABC 1500 r-I) are free-standing. (See Plate 2). 

The breadboard detector operates from a standard 110 volt 
60 cis supply, which is rectified to give a ~ 15 volt supply 
to the operational amplifiers • 

... 

Appendix 2 lists the major components of the breadboard 
detector. 
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Ill. C"'rIARAC'rERISTICS OF BREADBOARD DETECTOR 

A. Test set-up. -
Tests are performed with the optical parts of the detector 
inside a light-tight box six feet long and of two foot 
square section. (See Plates 3 and J+). Ambient and explosion 
radiation sources are simulated by deuterium lamps, which 
have a continuous spectru~ within the UV. A narrow-b~nd 
filter is used in conjunction r,-rith the lamp simulating the 
explosion to restrict its output to that of a hydrogen ex-

o 

plosion at 3100 A. 

A dividing vIall across the box separates the explosion rad­
iation source from the detector and supports an iris and 
shutter arrangement which per~its a controlled magnitud8 and 
rate of increase of radiation to reach the detector. 

The ambient radiation source is placed in the same compart­
ment as the detector and reflected from the dividing wall and 
a front surface mirror into the input stop. 

B. Calibration of Breadboard Detector 

To date, calibration of the detector is approximate but the 
system has shovffi sufficient sensitivity to very low radia­
tion levels to permit considerable overestimates to have been 
made. (i.e. The signal channel is operating at nearly 600 
volts in the breadboard, with the possibility of increase to 
1000 volts if required. 

A Pen-~ay Mercury Vapour lamp was used as the radiation source 
and the manufacturer's data on the radiantintensity in each 
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of its spectral lines has been taken as correct. Thus 
it is possible to estLrnace the irradiance at a known 
distance from the source in each of the spectral lines 
which would pass throu~h. the filter in the signal channel 
(3110 A .t 75 A). In addition, the signal photomultiplier 
_~ltage was adjusted to giva 0.1 uA at the threshold 
level (4.2 x 10-9 watts/co2

) so that the photomultiplier 
would be most stable. (High anode currents lead to less 
stable operation). Figures 8A alld 8E show the resulting 

calibration curves. 

c. Response to simulated explosion. 

By employing a shutter with a known "rise time" (i.e. the 
time tru<en to move from the fully closed to the fully open 
positions) at different aperture settings, it is possible 
to vary the rate of increase of radiation entering the 
detector. If the anode current in the signal channel is 
set with the aperture open at the selected stop nw~ber, then 
the rate of increase of radiation when the shutter is fired 
equals the radiation level corresponding to the selected 
current divided by the time for the shutter to open. The 
resucnse to the simulated explosion is monitored at R22 
(See Fig. 3) on an oscilloscope and Plate 5 illustrates a 
typical response. 

Figure 9 demonstrates the linear detector response to explo­
si-ons of different sizas with and without the presence of 
ambient radiation. It will be noticed that large explosions 
are not included OlJ. this g~'aph, but initially attention has 
been directed towards the threshold levels, which are less 
easy to detect. The response to the full range of explosion 
levels will be measured in the near future using higher 
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radiation inputs, but no problems are anticipated. In 
addition, it should be pointed out that the internal capaci­
tance of the ambient chan..Tle 1 pO"'ier supply was more than 
enough to delay its response. Further tests will be per­
formed with po·..,er supplies with a much higher sle 'W'ing rate 
to optimize the time constant of the feedback loop. 

D. Response to real explosion. 

For repetitive testing it is more convenient to use the 
lamp and shutter arrangement described above, but it js felt' 
that the device should be tested "'lith a real explosion to 
c0nfirm its effectiveness. Consequently the dAvice ahown 
in Plate 6 has been built for this purpose. 

A small chamber is contained within the cylinder when the 
piston is fully closed. A coiled nichrome ignition wire is 
supported in this chamber by a sealed Conax housing and 
fluids can pass in and cut through a plastic hose and clamp 
arrangement. The chamber is filled with an explosive mix­
ture of hydrogen and air as fo110\,ls: The piston is closed 
and the chamber filled completely with water; hydrogen is 
made by electrolysis of water and fills the chamber by dis­
placement; air is drawn into the chamber by withdrawing the 
piston a known distance. An ~xp1osion is caused b~y passing 
a current through the ignition wire. 

Radiation given out by an explosion passes through a quartz 
window at the end of the cylinder. Plate 7 illustrates a 
typical response of the signal channel photomultiplier to a 
real explosion seen through the input optics. The anode 
current was measured as a voltage by passing it through a one 
megohm resistor to ground. The scope trace indicates an 
explosion lasting about 5 milliseconds with a peak radiation 



equivalent tp 0.25 uA. The rise time is about 2~ milli­
seconds at an average rate of .050 uA/msec. 

Plate 8 shows the response of the detector to a real 
explosic.'l, measured at the output of the subtracting 
amplifier. The upper trace in this plate can be ignored 
since it is a dutum pulse triggered internally by the scope; 
the lower trace corresponds to the explosion. It has a 
peak of .11 volts and a rise tine of about one millisecond. 

Since the threshold level has been set c.t 0.1 uA in the 
signal channel photomultiplier (see Section 3B - Calibra­
tion) these scope traces show that the explosions we are 
making are of the same order as the threshold level. In 
addition the ris~ rate of increase of radiation is only a 
little more than the minimum selected. 

E. Response to off-normal radiation. 

Since a micro-explusion can be considered to be a point 
source of radiation, the energy received at the photocathode 
can be expected to display a cos3erelationship, where 9 is 
the field angle (i.e. the angle between the normal to the 
r,e~eiviIlg surface and the beam.). 

The breadboard optical system was tested by using a board 
with holes drilled around concentric circles at 22}2° inter­
vals. The detector input was aligned with the center hole and 
a light shone from behind each hole in turn; corresponding 
measurements of the signal channel anode current were made. 
Figure 10 shows that the response to off-normal signals in 

two directions at right angles is subject to marked attenua­
tion. In addition the detector field of view wes limited to 
a field angle of + 28°. 
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It is proposed to supply each of the Phase III prototype 
detectors with a calibration of the response to off-normal 
radiation in preference to the alternative of employing a 
variable density filter i~ an attempt at co~pensation --
an attempt which at best is unlikely to be entirely success­

fru. 

F. Response Time. 

The minim~~ rate of increase of explosion radiation to 
which the detector will respond has been selected as that 
which occurs at the threshold level and corresponds to that 
of a 15% hydrogen in air mixture. These levels are reached 
withi~ 15 milliseconds of initiation of the explosion (see 
Fig. 4) and in reality it is felt that a micro-explosion 
will more probably be very close to a stoichio~etric mix­
ture; thus achieving the threshold rate in much less than 
fifteen milliseconds after ignition. 

The response time of a typical photomultiplier is of the 
order of 10-7 or 10-8 seconds. These figures are accepted 
from the manufacturers' data since they are several orders 
of magnitude less than those which would be critical in the 
system. 

Thus the overall system response time between the appear­
ance of the threshold signal and the ~dicated output will 

be almost immediate and considerably less than 100 milli­
seconds. In addition, the detector will give an output in 

much less than 100 milliseconds from the mument of initia­
tion of the micro-explosion -- a figure of around 15 milli­
seconds being anticipated as a maximun. 
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IV. DESIGN OF PROTOTYPES. 

The protot~~e detectors will be contained in a single 
package oonnected by a cable consisting of three low 
voltage unshielded wires. (+28 volts, ground and signal). 
Since our investigations show that solid state photo­
detectors are only marginally sensitive for this applica­
tion, photomultipliers will alGo be employed in the 
prototype instl~ents. ~nd-on, ruggedized photomultipliers 
will probably be used for reasons of availability and 
uniformity of cathode response ~~d these suggest an over-
all package size of approximately 3 ft x 5 11 X 1211 (see Fig.ll); 
the radiation input stop being situated in one of the ends. 
Appendix 3 describes an E.r1.I. 111 dia!Il.eter end-on photo­
multiplier, whjch will be suitable when it ~ is potted along 
with its dynode resistors and magnetic shield. Other 
similar tubes are cocrmercially available from E~ffi and Amperex. 

Compact high voltage power supplies operating from a o to 

t15 volt input are also standard commercial units. A Venus 
Scientific model h~5U is to be tested shortly and is ex­
pected to be incorporated in the prototype. Appendix 4 
describes this power supply ~ich is contained in a package 
111 dia. x 2;411 long. Other similar power supplies are 

available from L~ and MIL Associates. 

It is anticipated that the input optics will contain com­
ponents similar to those of the breadboard but current study 
is aimed at optimizing the instrunent package size, field 
angle and unit cost. 'rhe addition of a front surface mirror 
in the ambient light path permits the two photomultipliers 
to be situated alongside each other as shown in Figure 11. 
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DETECTOR RESPOTSE TO SIMUT~TED 
EXPLOS ION 

PLATE 5 



Head of 
piston 

Ignition 
wire ends. 

I 

I 
. f T 

1 
.f p ast~c hose 

and clamp 
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10 em 

Vert. calibration 4.8 em = 0.5 volts 

Horiz. sweep 0.48 msecs/cm 

RESPONSE OF SIGNAL CHANNEL 
PHOTOMULTIPLIER TO REft~ EXPLOSION 

PLATE 7 



10 cm ! 
l~~IIIt-------------~ . 

Vert. calibration 4.8 cm = 0.15 volt s 

Horiz. sweep 4.8 msec/cm. 

RESPONSE OF DETECTOR TO REAL 
EXPLOSIJN - MONITORED AT OUTPUT 

OF SUBTRACTING AMPLIFIER 

PLATE 8 

-I 



APPENDICES 

APPENDIX 1: Procedure for solving equations to det8rmine 
the position and ma gnitude of a micro­

explosion. 

APPENDIX II: List of breadboard components. 

APPENDIX III: Data sheet on ruggedized photomultiplier. 

APPENDIX IV: Data sheet on compact high voltage power 

supply. 
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APPENDIX 2 

BREADBOARD DETECTOR COMPONENTS 

Optical 

1. Objective lens lit dia, 50 rom focal length, plano-convex, 

fused silica. 

2. Beam splitte.l." 2" square, 5CY'~ transmission, 10% reflectivity. 

~ .. . Condens ers (2), 21t dia., 50 mm. focal length, bi-convex, 

fused silica. 

4. Filters, interference, either 211 square or 1 5/8" dia. 

Electronic 

5. Photomultipliers (2) type EMI9661B, S5 Spectral response, 

9 dynode.s. 

6. PMT power supplies (2), KEPCO ABC 1500-1, 0-1500 V. 

externally programable. 



This series of EMI photom ult ip li ers r presen t a select ion 
of the mos t g_neral ly us fu l types which hJv~ t ee" modified 
or redes igned to "' It l sta d the seve r_ erwironm ntal condi · 
tions fo und In mil itary or sptlce applicat ions. Thi!Y rep ese nt 
a rea sonable com promise ~t ... ,~n cost and mechi!n lcal per­
formance WI th out sacrif ice of el ec tn ca I qua II ty. Prop.:!rly 
mounted and encapsulat ed, they Wi ll be suitab le for most 
appl ications of th e type mentIOned abo'/e. All E~.1f rU&3ed 
photomu ltipl iers are constructed e tirely from non-ferrom 
netic mater ials. The standard typ.:! f rom which each rU&2ed 
design is der i'.ed is given be low. 

1 Inch D i .~ter 
2 Inch Dia meter 

3 112 Inch Diameter 
5 Inch O i .m~t'f 

!llICldlzd 
973.1N9" 
9~7Na 
96.1-4NB 
9711 N B 
9712NB 

Stt :Ir~ 

97358 
6097a 
9 51.e 
95319 
95309 

b~/J;i1~tr"l1 __ . A __ • __ r ... -
t . 973~QN9 
'--! .... . "I7Qfl 3 · 

964.!af~3 
97110Na 
97120N8 

Addit ional useful ir.format ion may be obtained by reference 
to the appropriate data sheet5 for the standard typ .:: s. 

Each type which carr ies t he suffix "N" i:. designed to wi th­
stand th~ follow ing environmen tal cond it ions and to operate 
successfully after vibrat ion . 

VIBRATION SPECIFICATION 
Sinuso idal vibration al ong thre€ axes, once, with the f re· 

Quency increasing at a sweep rate of 2 octaves / minute. 
Durat io n WI".t1l 

'r'!i"'1tC1 CI"S IIU Alii lID .. YY AlII (\1111.) 
10-~ 2.3 1.0 1.66 
50~ 10 2.5 0 .1 
60-70 14 3.5 0 .1 
70~ 19 4.2') 0 .1 
ee·c;o 24 6 0.1 
90-100 30 7.5 0.1 

100·200 40 10 0 .5 
200·500 10 4 0 66 
500·2000 21 4 1 .0 

" See , 110 9734S ,.."ich is at ruue1 construct ion but r.ot vibration testM . 

Random mot ion along three axes at 0.07g2/ C/ S, 11.5& r.m.s. 
for 4 minutes each . 

At the conclus ion of the tests, the tube must be mechani­
cally sound, and on electr ic.al retest must meet orig inal mea­
~urements == 5%. 

The above tests are carr ied out on a percentage of the tubes 
made in each producti on batch. 

Since exp~rie nce has dic tated that it is unwise to vibrate 
tubes to ~ used in the system, b€cause of poss ible fat igue 
eHects, such tubes are routinely subjected only by the follow­
ing reduced schedule : 

''''.,tK1 C" IIZ2 Alii hrltllll NIlIu1" (Win.) 

1.0 10-100 2 
100·2000 10 1.0 

Every tube, including the des isnation 
ber, is supplied with a tes t certificate. 

"N" in its type num-

MECH:'H!C .'~ L CHARACTERJSTlCS 
~H. ~7NI 17341011 1711MI 1712141 

fill •. N.d Cia .: !).JImm !).JImm 

""1. [me lept 0 11 .: 

"In. Cathod. Oia .: 

WinO<:", lo4.t.rl,l : " ,.." 

"QN" 
-----------------

60 

51 .Snlm 51 .5mm 30 mm 91mm 130mm 

« mm 44 mrr. 23 mm 17mm Illmm 

"14" types S· lI, " QI'i " types ~13 

Pyru f>yrtl lime Soda f>yrll Pyru 

Spectrol ll Spectrosil SptctrO$il Qu.rtz Quartz 
-------

13 VB 11 VB 98G 11 VB 11 vB 

All h.tv. CsSt! I!c~ f'/ rm ltll " , lurl,ces 

B19A B19A 8148 Bl9A B19A 
All are 10 .. 10$1 pr ~n~d , Ius baal furnt1""" With 
appropriate h i l~ qu, l, ty Te;1on I OCli t. 

ELECTRIC AL R,~TI IGS 

Ca th)\J ! ·01 '''It : 300 .. l ~ V 

Ca t. ode to An oc ! M.u : 2 500 V n o 'j . 170 .. 2J S' v 

500 V. 

25(1) .. 

(5 ; 0 'C t to not et c ~~d i n , 5CQO"- L 2C()O"- L 2 ~O A, L Z':,~),. L 2000 A/ L) 

O'fer, " 5 . n5 lt l l lty , P.lted · 
Mll . : 

2000 A L 200 A L 
5fXM ~ L 2000 A, L 

SO~L 2ooA.-L 200 "-' L 
2 O ~L 2W)),.L 2OCO,l....L 

r.u I . An od e Curr ent ('~ ~n ) : 1 mAo 1 mA 05 mA 1 mA 
- - -- - -------------

~I . An~ ~ D\ H i;..t ICl1 : 1 W. 1 W. 05 W. 1 W. 

Mtn. Operlt inl Te mp er, !ufl 

"It. To lerlble C. thod e 
Curren t 03 uA 

All 60 d~lr!~S C. 

All - 30 del rel C. 

0 .3 uA 0 .1 \lA 1 uA 
--- - ---

!l ise Time , nS : 

Tlml Sp r~ .d . nS : 

CaPfc lta~c e, . nod e to 
,II dync ... 'lts : 

16 

II pF . 

Ol rk current nOise l e Qu l ~a l ert Inp uts } 

7 10 

14 

8 pF . 6 pF . 
-- ----

12 

32 

II pF. 

1 nA. 

1 W. 

2 uA 

16 

II pF. 

TYPld l ( \ peak ): lumens 3 .8110 .11 3 .8110 . 11 1. 7r10·14 6 .!110·1I 1.0110 . 1 , 

w,tts · 4 .511 0 .. 4 .5110· " 2 .0110 · " 1.0110 · " 1.~110 · " 

For recommenc~ j dynodl 
cru ln l re f!, t o i royp 
In rll o ted Pfie 14 K. l. M H. I, J E. F, F" H. I, J H. I. J 

tAi l ~. "1 Al l 
V . lN1~ J 1:"\ C-smt1 d . 2 . ~ft.~ ---~'-

V. O,.. r:1I ~::rl CSr.1,t l.l . 
lII is. T)'I . T" . lIIu. Tn. Mu. Tn · Mu. Tn · 1ol1I. 

9644MS 50 W 1S00 2100 I 50 SOO 1700 - 125 -

200 Ait 2'::'~ l/l 

9647NS so so 1~00 1800 5 so 19!Ol -=1= 50 ---- - --_ .-
9711NB 50 100 1~0 1900 100 25<) 1~ - j lOOO --
9 71iNB 50 90 1500 2000 200 5(.(J 19 SIJ - ~oo ----

50 III ZCO III 

9734N9 ~O 70 1Ic<J 135.J 1 5 ltoo -! 4 -
Not. : " QNS " type. " ill h.ve idlntiC.1 chaflcter ist ;c s . 

Horn 
1. a ) E.ch tube is ind lvid u.lly ca ll brlt,d . nd test t ieltt furn lVled " ,t II I,.,. 

tube llltc ifies th~ c.thode sens l tl~ I t)' in I4A/L, the owrali ~O I Uil .t. 
9644NS 2000 A l 9711MB 200 III 
96-t7NS 200 III 9712MB 200 All 
9rnNB 50 All 

b) Tut ~~ IS otJtllntd with , "StJn~rd " dynode cha in .nd c.sthiJO. ·OJ wort· 
I,e h.ld .t · 

9t)44NS 150V. 9711NB 300V. 
96-471'i8 ISO V. 9712~8 450 V. 
9734NB 100 V. 

c) In ,.lMf.l, wh n utt in i up eap.r lmtn!s or du il nln i fOf ~U l p!'l'.nt, It Is 
des ir.ble to wor •• t, or bilow, ttll t icke t ~o I U •• of the Ind ' ~ I d\.JI t~. 

2. Any mater i.1 contact with the l liss enve l09' must te he ld .t Cjt~ode po­
tent ,al. Fi li ure to do 10 rN1 result in erfl t lC ~rat l "" ,nd h i .~ cUrk currln! . 

3 . hIe grlat cart In cl.mp in, t ubu , particularly thOle . ,tll q lJlftz (S;)-!=t , (X iI) 
Invel op es . El c.ss prtuure mJly fflcture tht , IBI In ..-tIlCh ~s~ ~e 
wlrrlnty is YOid . 

4 . Photomu lt ipli.rs srt .1'!tcttd by INlnlt lc fi~lds .nd mu·meW Vlillds ~h(Xjld 
be ulod. 

5 . Window m.ter llls , p3rt icu lHly Quartz , Ire pofrmutl 'e to hel ium . Con~ct " ' t~ 
hieh prlSlur" of hl li \l111 "~(Xjld tMre tou 01 a" o l ~ d . 
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9734N 
O'i' •• U stN5 lTlil T'Y '1. O"'["" U. ~O LT .l C( 

9S47N 
U __ 51T1 vl" " O"' EUll YO t l ~ £ 

'''''''~===I= 
I 1>..0 r--------t-

l OOO~, ~---~_---~--~" i:~~-..:::;..-rr----r 

I >JO 

9734NB 

964':N 
o~(ea ll H"' '; r .. In" VI O o' r ~ . ~l '' :I f.l C£ 

9711 N 

8712N 

. .,., f-----

9647NB 

?7I2N 
70 mm 
NO'" 

2 B ' 

97l1" 1 'S 5 m~ 
NO" 
2 1"" 

fl 

9644NB 9711NB 

r .. 
~ 

9712NB 

9734N 

-t 

I 
8 f ... ) ..... 

) ' . 

'I~ CON'EC TI ONS 
1 148 SO CKET 

(Vtt.ed From Bl! lo*1 

r-- 4Jm"'-1 t..4 IN 
1 7) " 

r ---- 1 96~~N 

9647N 
9644N 

9647N 12 1 ·-)....,m 
112'.,. ,,,, 
::::) /Ti m 
.41 " ~l 5 m ,..., ",1AX 

2 0 2 ' 

, ... CONNECTIO NS 
119A SOCKET 

(V le*ed From Be la li ' 

• 77" 

PI'S 3 1 11 Ie 
T't'?£ li5-:' N 

• J1 " F' 12'< 1 11mM M I " ----1.I~ 
9711N 17 m ." " ,,, -----h 

) 0 ) " 

9711N 
9712U 

(V1.wed from Be low) 

9 71 2N 
l7 lj mm 

-= )mm 

9711N 
l!)S mm 
:) 'T'I m 

6 7" 

1 'L 
l J r., m M~.( 

.. SI" 

61 

-v C. 



MODEL ~\ 15 Reliable • Efficient· Compact· Versatile 

( 

~ , 
I 

• 1500 Volts @ Ima • E out ~ 100 x E in • Reverse Polarity Protected 

• Efficiency > 50% • Ripple < 0.1 % Peak-Peak • Short Circuit Protected 

• M.T.S.F. 105,000 Hrs. • Output isolated from Input • All Silicon Components 
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Photo : 2 x Actual Size 

The K15 is a high voltage power supply whose versat ili ty 
makes it a very useful compon ent in a number of ap­
plications. The ur'l it is fully encapsulated and sh ielded in 
a nickel-plated stee l can . The two output high voltage 
leads are floating and are fu lly isolated from the two 
input leeds. This perm its operat ion from voltage sources 
having either plus or minus polar ity while st i ll al lowing 
the user to employ the un it as a plus or minus high 
voltage power supplj. In add it ion, the case is isolated 
from both input and output and car") be grounded by the 
user at a remote point. The high vo ltage f il ter ca pac itor 
inside the unit is .006 uf zt 3 KV . This keeps the ripp le 
at full load down to 0.1 %. Where even less ripple is 
desirerj, the addit ion of .Ol uf across the output will 
reduce this figure to aoproximate ly 0.03%. 

The K15 is protected against improper polarity vo ltages 
applied to its input by a series diode. The presence of 
this protective diode accounts for the most par ' f r tf: e 
temperature coeffic ient of output vo ltage of --0.02% =C. 

The K15 is 100% tested to guarantee re li abl2 troubl e-free 
operation to the user. Tne electr ical opN .}ting character­
istics for a typical unit are shown on thp. graph for input 
voltages of 3 volts to '.5VDC and loads of 10 megs and 
1.25 megs. A plot of input current as a funct ion of input 
and loads is also included. From th is plot it can be seen 
that the operating efficiency of the K15 is better than 

- 50% for a load of 1 mao 

Applicat ions: PhotJr.oultipli ers ... Flying spot scan1ers 
.. . Image dissectors ... Ionization chambers .. . Scan 
converters ... Geiger tubes •.. Cathode ray tube bias 
supply ... Scintilat ion tubes. 

Model K15U : For those users requiring fast response to 
input voltage changes, the K15 can be supplied without 
internal capacitors. This will enable the user to arrive at 
the best comprom ise between response time and output 
ripple. 

::NUS SCIENTIFIC INC., 25 Bloomingdale Road, Hicksville, L. I., N. Y. 11801 Telephone 516-433-33 50 
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MODEL K-15 
(Electr ical Cha racteristics) 

Temp = -L25°C 
Ripple = 0 .1% 

• .1">,..... , 
r \,-", - , ' . - '-~ ,~ ~ 

,," , , 

,,' , , 

V~ (E OUT vs E IN for R LOAD = 10 Meg) - ---... ,," 
, 

, 
Z V ,,' 

" /L , , 

" ~ "/ , , 
,," // ~" 

"" / :/' 
,~ " /'l( 

""" )~ (E OUT vs E IN for R LOAD = 1.2:3 Meg) 

//~ . ~ , £'-(liN VS E IN for R LOAO = 1.25 Meg) " 
800 

",:/ 
,:;, 

,'~~ ...... .. -_ill ...... 
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700 

600 

500 

V .,._--r-
,,~r". ,-"..- ... ' _ ... 

~ .. ----#- ' ... --~ .. -
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~- ... -,_ .. -.- '" --
"I -- I--- "- , -- (I IN vs E I~ for R LOAO = 10 Meg) ---.. ,-
~ .. ,,-...... 
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PHYSICAL SPECIFICATIONS ELECTP ~ C/l.L SPECIFIC,~T10NS 

Dimensions . .... 1" d ia . x 2 V4" length 

Volume ...... . . 1.8 cu. m. 

Weight .. .... .. 3.5 oun ces 

Shock . .. .. . . . 40 g's per MIL·STD·810, Method 516, 
Proced LJ re IV 

Vibration .... . .. 20 g's pe r MIL·STD·810, Metnod 514, 
Curve E, Figure 514·3 

Acceh,; ration .. . . MIL·STD·810, Method 513 

Thermal Shock . . -54°C to 7 71 °C per MIL·STD·810, 
Method 504, Class 2 

Floating ~u : ;ut .. 2500V inSt.. ;? t;on strength with respect 
to input ground 

Temperature . . . . -55 ' C to -7- 71 °C (operat ing) 

Temperature coefficient is less t "l an .02 % rC 
Effic iency> 50 % ~ full load 

M.T.B.F . .. . . .. .. 105,000 Hrs . .s 71 °C. (M il·hdbk . 217·,,1.) 

Electr ical connections as shown below: 

~ O~ANGE ( High Voltage output 

) 

Finish, Case .. . . Bright Nickel Plate 
- GREEN ( (floa ting with res pe ct to input) 

Can . . .. .. .. ... cold rolled steel 
YELLO.,.' . case 

) 
- R"O j 
_ BLACI': ( input 

re No. KI5 ·A· III057 
10" Silicone rubber leads 

~us SCIENTIFIC INC., 25 Bloomingdale Road, Hicksville, L.I., N. Y. 11801 Telephone 516-433-3360 
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