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6 January 1949

Figures 4 and 9, not included previously in
this report but referred to on page 19 herein as being a

future LAMS-573A, have been put in their proper place
at the end of this report.
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A TEN CHANNEL PULSE-HEIGHT AMATYZER

E—— Lo

Abstract

This report describes an clectronic device for
recording voltage pulscs according to their various amplitudes.
The pulscs arc sorted into ten amplitude intervals so that
ten points of a differontial bias curve are obtained
simultaneously., Pulses can bec handled at rates up to 12,000
per minute. Provision is made for cxamining a completo
distribution curve in large intervals or for cxamining the

fine structurc of a distribution,
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. UHCLAssiEy

A TEN CHANNEL PULSE-HEIGHT ANALYZER

Advancements in the technique of nuclear research have
nade it possible to obtain much significant data from the»shape,
sigzs, and distribution of voltage pulses. The apparatus described
heve was designed to increase tie speed and reliability with which
‘1formation concerning the distribution in height of voltage
pulses may be obtained.

The ten channel pulse-height analyzer separates
pulsés according to their voltage amplitudes into 9 channels of
Gefinite voltage width, the tenth channel giving an indication of
the number of pulses with amplitudes too great to fall within
the first 9 channels, In addition, it provides an indebendent
count of the total number of pulses received, to enable a check
of the operation of the analyzer to be made.

Previous methods of pulse-height discrimination have
required weeks to obtain an amount of data sufficiently large to be
statistically significant. This long period of time enabled factors
influencing the results-to vary appreciably. One of the procedures

1 whereby all pulses over a

employed a simple voltage discriminator
certain voltage were recorded. The triggering voltage could be

shifted over a predetermined range, If consecutive sets of data are

1 See LAMS 410
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taken over equal time intervals ggd with equgl~incr§menﬁb of
‘voltage, a curve of the amplifu@e_dist;ibution of the-pﬁlséé is
obtaiﬁed. Such a method assume%‘phgt the average coﬁntihé'rate is
"uniféfm and that éhy amplifier_emglqyed retains a constaﬁffghin
over & long period of time,

Another method makes use of the single channel“pﬁlée-
teight analyzer2. This Jdevice recorded all pulées between narrow
veitage 1limits, rejecting pulses above and below this channel,
Py taking conBecutive readings with the maximum 1limit of oné
1eading replaced by the mihimum limit of the following reading,
an amplitude,distfibﬁiién cﬁrve was obtained,

‘ An“extéﬁéidn of this method produced a ten Qhannei

pulse-height analyzer, which was composed of 10 simple disdfimiﬁafor;

connected by circuit® which permitted only the channel confaining.the
peak of the pulse to count. The pulses coming from.an electrical
detector through a pulse amﬁlifier, however, remain at their
maximum amplitUdé for only a short time, perhaps a few microseconds,
This device was so designed that the discrimination and counting all
took place in this relatively short time, which was not SUfficiently'g
long to allow the various components to reach a stable condition,
The result was greater speed in'taking data but less reliable
operation, | |

The ten channel pulse-height analyzer to be described

makes use of "lock=-in" discrimiﬁators and additional delayed pulses

o v

2 Seg.LoS,AJaEOS'Tééhhiéal Séiies, F?l-:l, Se§,14,5rlt..
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which allow the separétingtand.éountiﬁé-ofupulses to be done with
the cifcuit.ih a sfabié state,, This.modificatibn-produces‘more
reliable opératioﬁ'with:no loss iﬁ‘speéd of taking data,, The
counting rate, amplifier gain and other- p0581b1e variables must
still remain practically constant during a given run, but the time
involved is so much shorter than befgse that this condition is not
£ diffinult to fulfill..

| Ih'Figure 1 is shown a block diagram of the complete
analyzer. The analyzer is designed to operate in conjunction with
a Mcdel 100 amplifierB. The 6AC7';athode follower output of the
re;ular Model 100 amplifier- has been replaced by a 6AG7, with the
cathode resistor reduced from 10k to 5k., Thé addiﬁional driving. power
is necessitated by the large input capacitance of the analyzer;

Thne input signal of the analyzer connects directly to

ten "lock-in" discriminators whose bias settings increase
rrogressively from discriminator #1 to #10. A large variety of
biases is available to provide a means for shiftingvthe position of
the voltage-spread covered by the complete set of channels over its
range of 150 volts, The biases are taken from a series of* resistors
tapped at equal intervals. Theivoltage increment between eehsecutive
taps determines the voltage width of the separate channels.' The
" individual channel-width is selected from the three possible values
of 2 volts, 5 volts, and lO volts. Each of the channels from #1
through #9 is approulmately the same number of volts w1de, the surglg_

channel counting all pulses too large to fall in the other channels.

e T

3 See Los Alamos Technical Serdica, Wol, 1, Sadq
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' All the discriminators that -expetience a VOltage pulse Q
sufficiently large to trigger them, flip to & quasi-stable state in
which position they lock.  The antiucoinoiﬂéﬁcb“éircﬁiﬂs, Figure 1,
receive signals from the channels they connect in Such & way that a
condition of unbalande is get up in each channel except the one that
contained the peak of-the-input pulse, After a fixed delay, dUring

whlch time the circuit- reaches a stable state, the pulse forming

channel supplios to each of the anti-coincidence circuits a "registering
pulse” whi¢h allows the channel with the_balaﬁced condition to

regisier a count. Ohéahalf mickosecond later the pulse-Forming

channel supplies & secdna ﬁﬁléé;’callea the ftedet bhlse“, which
releases the lock on tHe éiscrimihators;'returﬁihg them to the

stable position. The principle sdvaniéées of ha¥ing the discriminator
lock after each pulse are that a defiriite doad time for the machine

is defined, and that the circuit is in a stable state when the

actual registering is accomplished,

Channels #1 through #9 have a scale of 8 preceding the
register driver stage ﬁo reduce the counting rate imposed upon the
mechanical register. The total channel uses a scale of 32, and the
surplus, or #10 channel, a scale of 16, The "RESET" button is
provided to return all the scalers to their original positionms,
extinguishing ali interpolator lights. The "CCUNT-STOP" switch
enables one to start and stop the counting simultaneously in all
charmels without removing the source of pulses. In the NG OUNT"
position the registering pulse is applied to the regular circuit.

In the "STOP" position the registering pulse is not applied to the
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- circuit, but is fed into a dummy load which permits the formation
and use of the reset pulse only, Discriminators continue to be
triggered and reset, but no counts are recorded.

The principle of operation of the antlcoincidence device
consists in having a plate load resistor of a tube shunted by
two triodes (tube T-12, Figure 3), If theso triodes are conducting
they effectively short circuit the plate load resistor of the 6SHY
tube, A pulse impressed upcn the grid of the 6SH7 tube will then
not result in a very large output pulse, If the triodes are cut off,
a high plate load impedance is presented and a large output pulse
occurs for an input pulse impressed upon the grid,

The anticoincidence is obtained by connccting the grids
of the triodes to two separate channels such that if one channel is
operated by the incoming pulses but the other is not, both triodes
are cut off, This gives a high plate impedance and rosults in an
output pulse, If both channels are actuated then one triode becomes
conducting and no output pulse is obtained. |

The pulses to the grids of these triodes arc obtained
from the output of the discriminators described,

We may consider that two adjacent channels may have

three possible states: a. thet neither channel wes operated by
& pulse, b, that only one channel was operated by a pulse, and
¢. that both channels may have been operated by a pulse.

On thie basis let us consider the oporation of the
circuit. This can best be done by reference to Figure 3, Lot ue

consider the operation of the analyzer for an amplifisd pulse, the

APPROVED FOR PUBLI C RELH
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"
peak of which falls into channel #2. As soon as the pulse triggers
the discriminator (T-8 and T-9) of chamnel #2, the plate of T-8
rises in potential, raising the grid potential of the left half
of I-1l. This half of T-11 then begins to conduct, and draws a
sufficiently large amount of current in the common cathode resistor
to raise the cathode potential of T-8 and T-9 to cutoff, The left
half of T-1l continues to conduct, locking T-8 and T-9 in the eutoff
state, If the lock were not released by an external pulse, it would
remain in this state for approximately 60 microseconds.

A positive step wave is thus produced on the plate of
T-9. Inasmuch as channel #1 1is operéted by all the pulses, a
pogitive step wave is produced in a like manner on the plate of T-9
of this chamnel. The pulese from this chamnel is differentiated and

applied to the grid of a cathode followsr I-5 in the total channel.

The right half of T-5 is the cathode follower, The left half is

used as a diede restorer to remove the negative pulse produced when
T-9 in channel #1 returns to the conducting position. The positive
-pulse from the cathode of T-5 in the total channel i8 impressed on the
grid oflgbl in the Egiggéfofging cﬁaﬁnéi;” This triggers the first
blocking baciilafof; t-2; in the pulse-forming chaﬁnel; whose cathode
impedance 18 a 10 microsecond delay 1line tapped at 2:5; 5, and 15
midroseconds, THe popitive pulse frcih the tap on the delay iine
triggers a second blocking oscillator, the left half of T-4 in the
pulse-forming channel, which has a 0.5 microsecond delay 3ine in its

cathode. The registering pulse is obtained from the cathode of this

. it ) AL e U
L N

v s s
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second blocking oscillator; that is, before the pulse enters the 0.5
microsecond delay line., Since a registering pulse is obtained for each
pulse triggering channel #1, this pulse is applied to the grid of T-6
in the total channel wherc it is amplifiecd and used to drive the scalers4
of the total channel, The registering pulse proceeds along the 0.5
microsecond delay line in the pulse forming channel to the grid of

the right half of T-4, From the cathode it emerges as the reset

pulse. The bias for the two blocking oscillators is taken from a
cathode follower, the left half of T-3, which provides a constant

bias from a low impedance source, allowing the blocking oscillators

to recover quickly.

We have assumed that none of the discriminators above
channel #2 have triggered because of the biases, so only the anti-
coincidence circuit connecting channels #2 and #3 is in the second
possible state. The left grid of T-12 in channel #2 is at a large
negative potential with respect to its cathode potential of about -|-308
volts, since the left plate of T-11 decreased in potential when the
left half of T-11 began to conduct. In channel #3, which has not been
triggered, the plate of T-9 is in its stable (least positive) statec,
The right grid of T-12 in channel #2 is directly coupled to tho
plate of 2~9, and this grid is at a large negative potential with

respect to its cathode.

L See Los Alamos Technical Series, Vol, I, Sec.
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Since both grids of T-12 of channel #2 are now biased to cuidff,
this tube is a high impedance and any current drawn by I-13 will
flow through the resistor from 4300 V tb the cathode of I-12. While
the circuit is in this state the posifiVe regisferiﬁg pulse is fdrmgd
and applied to the grid of I-13 of‘&li'chahﬁelasb Thiénprbﬂudoé a
negative puise on the cathode of T-12 which aervesrto trigger the
first scaler stage (SLj) of channel #2 (see Figure 5a, 5b for
circuit diagrams of scalers), The reset pulse is applied to the
right grid of E-il in each channel one-half microsecond later. This
positivé pulse causes the potentials of the right plates of T-11,
and also the plates of I-9 of the channels that are conducting,
to decrease, The left grids of T~-1l are driven b:yond cutoff,
releasing the locks and resetting the discriminators,
After eight pulses have entered the scaler stages, a

negative pulse is impressed on the left grid of T-14 of channel #2,
The left plate then rises to 4 200 volte, producing & positive pulse
on the right grid of I-14 which actuates the register,.

| Let us consider next what would have happened if channel #3
had triggered. The plate voltage of I-9 in channel #2 would have
risen as we have seen and, therefore, the potential of the right grid
of I-12 of channel #2 would be very nearly equal to its cathode
potential since it is coupled directly to T-9 of channel #3. The
left grid of T-12 in channel #2 would be at a large negative potential
with respect to its cathode as described previously. Since the right

grid of T-12 in channel #2 would not be biased beyond cutoff when the registering

 APPROVED FOR‘PUBLI C REL
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pulse is applied to the grid of I-13 in ghegpe} #23 as we?} as all
‘the other channels, T-12 offers a very }ew impedance to the current
drawn by I-13, so very little current would flow through the ‘
resistor from-+300 to the cathode of T-12, The pulse thus formed
has about one-tenth the amplitude of the pulse produced when T-12
offers a hiéh impedanee, and the first scaler would not be triggered.
Channels #1 through #3 would then be reset as before and the analyzer
is ready for anotﬁer'pulse.

The operation of each channel from #2 through #9 is the
same, Since the epefation of any one channel, however, is made
possible by a signal from the channel with the next largest bias,
chennel #10 is modified to terminate the anti-coincidence circuifs.
Both grids of T-12 in channel #10 are tied togeﬁher as shown in Figﬁre 3
If discriminator #10 is not triggered, the potential of both grids
of T-12 is very close to‘the cathode potential and a very small pulse is
impressed on the scaler. If discriminator #10 is triggered, both grids
of T-12 are at a large negative potential with respect to the cathode
and a pulse sufficiently large to trigger the scaler (SNi) is produceé,
The channel is reset in the same manner as the others.

The need for the time delay between the input pulse and
the registering pulse is now evident. The input pulse must have time
to reach its maximum value and return to a value less than that required
to trigger the first discriminator before the reset pulse occurs., If
any discriminator still experiences a signal lerge enough to trigger
it when the reset pulse occurs, this channel will be reset only
momentarily, returniné to the triggered poSition as sooh as the reset

pulse passes, This will produce another registering pulse and another

APPROVED FOR PUBLI C RELEA
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reset pulase, causing some pulses to be recorded at least twice.

The ideal puise would be one which rose to its
maximum value and then dropped suddenly to zero. The delay
line pulse sha;lﬁer5 most nearly provides this shape, ‘The amplifier,
therefore, includes such a device,

The length of the pulse produced by the delay-line
pulse shaper will determine the necessary delay between the
beginning of the pulse and the application of the régistering
pulse. Delays of 2.5, 5, and 10 microseconds are availeble in
positions 1, 2, and 3, réspectifely, of S-3, Figure 3. The ehortest
time that will allow the pulse to return to a value less than that
required to trigger discriminator #1 is the proper delay, for then
the overall resolving time is a minimum. If the counting rate is kept
below 200 éounts per second, with no more than 100 counts falling in any
one channel, the error due to counting losses is less £han 0.1%4. Counts
will be lost only when two pulses falling into different channels are less
than 6 microseconds apart, or when two pulses in the same channel are
separated by less then 30 microseconds. The first limitation is imposed
by the first 6SN7 scaler unit in the total channel, and the second
limitation by the first 6SL7 scaler unit in each of the regular chamnels.

The number of scaling units required depends upon the maximum
permissible counting rate and the type of register selected. The
Model 300 analyzer employs the "Mercury Register" manufactured by the

Production Instrument Company. A reliasble countirg rote for this

5 See Los Alamos Technical Series, Vol. I, Sec, 3.2-2
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register is 15 counts per second. The scaling factors of 32, 16,
and 8 for the total, surplus, and regular channels respectively,
reduce the meximum permissible counting rate-to values below 15
_counts per second. ' ’

When some previously unexamined group of pulsee is
under consideration, it is necessary to determine the approximate
amplitudes and distribution before some particular group can bo
examinéd. This cursory examination is made with the 10 volt channel-
width., Closer exgmination may then be made with the 5 or 2 volt
channel-widths. Referring_to Figure 6, with S-1 in position 1, S-4
in open position and S-5 in position "ON", a current of 10 milliamperes flows
thfough the resistor network. Hence, with S-2 in position 1, the values
of the bias voltages relative to ground are -10, -20, ..., ~-100 volts.
The entire sequence ie made more negative in 10 volt steps by
advancing the position of S-2. The maximum possible bias available for
discriminator #10 is ~150 volts. The effect of changing the position
of S-2 is that of taking resistance from one side of the bias
resistors and édding an equal amount to the other side,

The proper gain setting for the Model 100 amplifier
must be determined before more accurate data is attempted, If many
pulses with amplified amplitudes greater than 4150 volts aré
permitted,vgrid current is drawn in the discriminator and the biases
will be shifted., To avoid thié, the number of pulses with an
amplified height of 150 volts or more must be kept brlow 1%. Set
S-1 and S-2 of Figure 8 to position 5 with S-4 in open position., The
bias applied to discriminator #10 is then -150 volts, and the gain

of the amplifier is adjusted so that no more than 1¢

APPROVED FOR PUBLI C REL Exugigs
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are falling into the surplus, or #10 channel, Thf:gaih setting
must.not be exceeded for analyzing the particular pulsas under
consideration.

Advancing S-1 to position 2 doubles the resistence
of the network and thus halves the current through the resistors.
This reduces the difference between the biases of successive
discriminators to 5 volts. S-1 and S-2 act together to change
the position of the entire sequence. The 2 volt channels are
obtained by shunting the bias resistors with the pfoper
resistor to create a 2-volt drop across each one, Closing S-4
connects the shunt, with S-1 and S-2 stili serving to shift the
potential of the entire set of channels., All possible bias combihatione
are given in Figure 7a and Figure 7b, With S-4 closed and S-1 iﬁ
position 1, the channels are approximately 8 volts wide. Since there
is little advantage in such a channel width over the 10-§olt‘ﬁidth, the
portion of the charts representing this éombination of switch settings
is marked, "Do not use in this region",

When S-5 is in position "OFF", the regular bies is
removed and all discriminators have the same bias of approximaetely -10
volts. This condition is used to aid in adjusting the "ZER(O SET"
control provided with each discriminator, since all or none
of the discriminators should trigger when the circuit is supplied
with test pulses of adjustable amplitude.

The adjustment and testing of the analyzer is

accomplished by the use of the Model 100 sliding pulse generatoré.
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. The amplitude of the pulse is set manually so that the proper
operation of the individual channels 15 ascertained Then: the
generator is used to produce periodlcally recurring pulses whose
amplitudes 8lowly increase in a lineer fashion with respect to
.time-to.some’prédetermined value, then decrease to zeros This,
.operation repeats jtself automatically as many times as desired.
With the exception of the surplus channel, each channel should
receive the same number of pulses fof each excursion of the sliding
pulse generatof¢ I fs.impossible to set the channels exactly"
the seme, so discFepancies musé be expected: For most epplications,
varlations,of,lb%sin‘thb chafnel widfhs ane'not>excessive; The
equality of channel-ﬁidths and the overall operatiqn_mey,bef."
checked at the same tiﬁe,'for the number of pulses recorded in
the total thassis equals the sum of the counts in all the other.
channels exactly when all‘components are functioning properly,
When the analycer is in-constent use,_lt is.advisaeble .
to check its operEtion daily in nhe manner previously described, ~
If & mal-function occurs, it is usually cbserved as a difference
between the total count and the sum;of the parts.. Very‘often the
sources of such an-error are the scaler units, It is possible,far
an unbalanced scaler to miss one or more pulses completely., And
it is.pessible for a slightly unbalanced scaler to feed, pulses
through without scaling, 86 %hat one pulse is recorded as.twoi. .
Since this action® may occur 1n any of che channels 1nc1uding the -
| total channel," it -is ‘sometimes difflcult to determlne where the-
trouble lies, The-probabllity of occurrenca of such improper - °

operation may be reduced con31derably by careful construction of

APPROVED FOR PUBLI C REL
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the scaler units, using components with 5% tolerance ranges,

Occasionally, it is efident over é period éf several days
that the channel-widths of two adjacent channels are drifting in
opposite directions. The drift of one channel in any one direction
precludes that an adjacent channel gust change in the opposite
direction, since there can be no overlapping of chanﬁel-widths.

The cause of the drift in channel width is usually a weak or aging
discriminator tube.

Duplication of data may be obtained consistently when
the limits of probable error are recognized. It has been |
determined experiméntally that a discriminator of the type used
here does not always trigger on exactly the same size pulse, the
necessary height varying about 0,2 volts. When using 10-volt
channel widths, this introduces an uncertainty of 2%, for 2-volt
channel widths an uncertainty of 10%. Greater significance may
be attached to any set of data taken with the analyzer if a check
on the channel widths ig made with the sliding pulse genefator, for
then the channels .may be weighted and the error due to unequal
chamnel widths is reduced. This procedure also enhbles apparent
discrepancies between sets of similar data to be reccnciled.

The usefulness of the analyzer has beer ~xtended by
making it possible to admit for discrimination only those pulses
containing certain desirable information or these conforming to
certain predetermined'standards. A device must first be built

which will cause only those pulses with the desirable characteristics
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to produce a positive triggering pulse. Then the eireuit of Figure;S
is used to gate the'registeringipulsé of the aralyzer, The positive
triggering pulse is applied to the grid of.I-1 in the gating chassis,
The,univiﬁrator;vgoz; is filipped to:its quasi-stable state, prodii¢ing
‘a-long negative gate on the left grid of T-3,. The left half of E-3,
previously conducting is cut off, allowing the'plate to rise in
potential about 10 volts, .When the-positiveffegistering-pulse is
formed, it is inverted, amplified by T-4 and impressed on the right
grid of T-3. Both sides of T-3 are cut ‘off for the duration of the
original registering pulse and a positive pulse of approximately 40
vnlts amplitude is produced on the plates of L-3, This gated
registering pulse is applied to the ¢ircuit- from a cathode follower,
right half of-T-A; in place of the normal registering pulse. Thé
time constant'of the univibrator is chosen tg‘kllow‘theéreBGMPtion of .
the stable state shortly after the occurrence of the rogistering
pulse. If, however, no triggering pulse is produced by the. pulse-
selecting apparatus, no negative gate is applied to the left grid
- of T-3 and the regiétering pulse produces about a -10-volt "ﬁip".
This is much too small to actuate the anticoincidence circuits in
the analyzer. Figure 9 shows typical wave shapes for the gating circudit,
The original registering pulse has not been altered, so it carries
on as usual, producing a reset.pulse at the proper time. Although
the channels may be’ triggered and reset many times, only when a
particular type of pulse occurs does the analyzer recerd,

‘The main power supply is a+4-300; =150-volt regulated

Tac

supply, for which the circuit is giveh in Figuﬂg_lo.f-Thc=$3OO supply




‘
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is designed to dellver+250 mllllamperes, the -150 supply, 20.

milliamperes. . A 250 volt supply 1s obtained by using Td9 as

a cathode follower_w;th its grld potentlal set by a volt;ge

'-d1v1der across the 300 volt supply. An added feéture'is a device

Tor effectlvely removing the‘FBOO volts in the event that the =150-

-volt supply should fail. Removal of the bias'from the various

tubes would allow the passage of currents snfficientlyAlarge
to damage tubes and other components, The left half of.I-6 is
cut off during normal operation by a voltage taken from a bleeder

between the‘FBOQ and -150-volt suppliee. A failure in'the bias

- supply will allow the potential of the grid of I-6 to begin to

rise towe;dsxgrqund potential, A8 soon asftnie half of T-6 begins
to conduct, its plate decreaees to'a very low positiée potential,
causing the grids of the regulatcr tubes, T-2 through T -5, to do
likewise, -.The regulator tubes then offer a very hlgh impedance
and the~$300 volts i3 reduced very nearly to ZOYO..

The filament power is Supplled by seven 6.3<volt, 10-
ampere filament transformers, mounted on a Separate cha351s in such

a way as to keep the leads as short as possible. A second advantage

"of using separate filament transformers ié that pert of the filaments

- are operated at +300 volts and part at ground.

4

Extremely poor reguietion of the line voltage at the
place of operation necessitated the addition-of'one more supply.
The anticoincidenoe tubes in each chassis had their pletés tiad to
the +450.30lt unregulated side of tne\FBOO-’_v.olt supply, Lérge

reductions in line voltage, about 20 volts, produced unreliable
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oﬁeratibn'of-the anticoincidence circuits. To prevent this, a +150~-
volt, moderately well régulatedlsaﬁpiy.was Eabated abovg fhéﬂ-BO?-
volt supply. For ordinary opératian this aﬁppl} is unnecessgry. |

- The analeerliS*sufficiently complex that it is.
imporﬁant to design the physicél 1ayout bQ prdvide ready
: acceSs‘to all pointé of the various circuité, whilerthe circuit is
in éperation. Furthermore, the entire circuit dissipates more
thah one kilowatt of power, so ﬁhat a cbnstfﬁétion of an open type
is desirable.  Both of these requirements are met if closely
associatedfﬁartSjéf‘the circuit are built-on long, relatively
narrTow stfips.of metal, which &an be mounted vertically across a
| wide relay rack,  Thée-Model BOQvQQaiyze;,has all the components
mounted ip this vertical position, - It-has been foundbphat the
power sﬁppliés-requiré.pracfigally no servicing at.all, so the
next médéi will have the power suépiieg mounted in the'customary
herizontal ménner._ |

‘There is little doubt but thaf a simpler design .

could be produced, which would suffice.fer lgwer;dounting rates
and straight-forward amplitude discrimigation;' Howevéf, the
‘present model was designed to be as fast, as flexible, and as
reliable as possible, The ﬁrcVision for clampiné the discriminatqrs
makesffOrrgreater'reliability,-and the avéilability of the registering

and reset pulses mekes for greater flexibility,

APPROVED FOR PUBLI C g




APPROVED FOR PUBLI C RELEASE

- 19 -

FPizures 4 and 8 were not completed at the
time this report was issued. These fijures are illus-

trative.

When the flzures are completed by the author,

. they will be lssued as La)3s 573A.

nd
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