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ABSTRACT

A precision, low-level integral discriminator, ha&ing a long term
stability of better than 1,2 millivolts, and a sensitivity of 2 milli-
volts, and a sharpness of triggering of 1 millivolt, has been developed,
Since this circuit will trigger on pulses having & magnitude of less than
0.5 millivolts, it is expected that a sensitivity of 0,5 millivolts with
a stability of 0.1 millivolts may be achieved, by the use of more stable
resistors and a Sorensen line regulator which is functioning properly.

A differential discriminator, employing this integral discrimina-
tor and the Gatti system for determining the window width, has been

developed,
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CHAPTER I

INTRODUCTION

STATEMENT OF THE PROBLEM

A discriminator, as the name implies, is an electronic device
which distinguishes between voltage pulses having different magnitudes,
The purpose of this study is to develop a precision, low~level discrimi-
nator, This refers to a very stable device having a range of operation
from about five millivolts, or less, to about one volt, and capable of
discriminating between pulse heights having a separation as small as one
or two millivolts,.

The most frequently used discriminator for seintillation cownting
equipment, consists of a pair of pentodes or triodes, having plate to
grid capacitive coupling in the forward direction, and direct cathode
coupling for positive feedback., Normally, one of the tubes is conducting
and the other is biased off, so that a pulse of a certain minimum

amplitude is necessary to cause the circuit to trigger.

JUSTIFICATION FOR DISCRIMINATORS

The justification for the existence of integral and differential
discriminators lies mainly in the nise of proportional detectors in
nuclear physics, Practically every nuclear apparatus has a component
whose function is to detect particles, When the signal emitted by the

detector depends appreciably upon the type of particle, the detector




nmay be used to identify the particle or to distinguish between different
particles, Detectors which yield signals depending upon the energy of
the inciéent particle, termed proportional counters, can be used to
measure this energy. Discriminators are used to measure the output pulse
heights from these proportional detectors, and thus determine the energies

of the incident particles,

PROBLEMS INHERENT IN PRESENT DISCRIMINATING SYSTEMS

The necessary characteristics of a discriminator to be used for
a particular task, will depend upoﬁ such variables as the maximum pulse
repétition frequency which it will encounter, the energy range to be
analyzed and the accuracy with which this energy spectrum must be analyzed,
The thresholds of conventional pulse-amplitude discriminators range from
about two volts to about one hundred volts, In some applications this
necessitates a voltage amplification exceeding 105, preceding the
discriminators however, for scinillation counting equipment, a gain of

ZLO3

is usually more than enough, In order to maintain a threshold
stability of 1% referred to the detector, the voltage gain of the amplifier
should be stable to much better than 1%. Such stabilities are fairly
readily attainable through the use/;farge amounts of negative feedback,
Since discriminators find their widest use with scintillation coun-

ting equipment, consider this case in particular, The output pulse

height from the photomultiplier tube in a scintillation counter is generally

in the range from a few millivolts to about one volt,




Conventional electronic circuits for discriminating purposes are not
sufficiently sensitive, accurate, or stable to permit operation

directly from the output of the photomultiplier tube. The output
pulses are amplified by a linear pulse amplifier in order that they may
be conveniently handled by conventional discriminators, Since the

range of operation of the discriminators extends over only about 20 to "
50 times the minimum threshold value, this requires freéuent changes in
amplifier gain in order "co cover the complete energy spectrum, This is
no longer a serious problem, however, since many present amplifiers have
linearities of almost 2%, These amplifiers are rarely completely stable
due to variations in D,C. levels within the amplifier, caused by tempera~
ture fluctuations and ageing, Both long=term and short-term variations
result,

The most serious problem encountei'ed by pulse amplifiers for
scintillation work is overloading, Since fairly high gains are required
when measuring the lower 4end of the energy spectrum, the larger pulses
tend to drive the control grids of the vacuum tubes positive with respect
to their cathodes, so that they draw grid current, This causes the
coupling condensers to charge up, with the result that until they discharge,
the apparent heights of the incoming pulses will be badly distorted,

This results in a badly distorted energy spectrum, as measured by the
discriminator, Also, these larger pulsestend to drive the tubes to

saturation, causing temporary paralysis which increases the dead time




of the circuit, increasing the resolving time, There are a number of
methods for overcoming this problem of overloading; however, the result
is a bulky, expensive amplifier,

If a sufficiently sensitive and stable discriminator could be
designed, such that operation in the range from a few millivolts to one
volt could become a reality, it would be particularly suited to operation
with scintillation counting equipment, One could then dispense with the
complex and expensive pulse amplifier, Such a discriminator would also
be useful for use with much smaller pulses, since they would require less
amplification than is currently required for use with conventional

discriminators,

ADVANCEMENTS IN DISCRIMINATOR DESIGN

From time to time, workers in the field have attempted to improve
the stability and sharpness of triggering of the conventional discrimi-
nators, Probably the most important advancement has been the use of a
diode load on the cut-off tube, as suggested by Moody and developed by
Kandiah, (1) This resulted in a marked improvement in the sharpmess of
triggering, and resulted in the use of thresholds down to 100 millivolts,
having a stability of about 1%, This circuit was also capable of oper-
ation down to 20 millivolts, with a stability of 10%, and to even lower
levels with larger stability factors.

Kandish also made use of a number of less important inmnovations,

in order to obtain a circuit of this stability and sensitivity.




CHAPTER II

DRESENT PROJECT

INTRODUCTICN

The present projeét can be divided into two main sections,
Integral Operation end Differential Operation, The integral discrimi-
nator to be discussed basically involves the combination of two previously
existing electronic devices, the Kandiah diode load and the amputating
or window amplifier. In reality, it is an extension of the Kandiah
principle, The differential discriminator makes use of the integral
discriminator just developed, and the Gatti-Pivs system for determining

the window width.

INTEGRAL DISCRIMINATOR,

Conventional Discriminator, The most frequently used discriminator

for scintillation counting equipment, consists of a pair of pentodes or
triodes, having plate to grid capacitive coupling in the forward direction
and direct cathode coupling for positive feedback, Normelly, one of the
tubes is conducting and the other is biased off, so that a pulse of a
certain minimum amplitude is required to cause the circuit to trigger,
Figure 1, is a diagram of a conventional discriminator,

When measuring positive pulses, Vi is biased beyond cut-off, and

Vé passes a current determined by the voltage divider in the grid circuit

and the cathode resistor R6° Above a certain minimum pulse level, if a
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Positive pulse is applied to Vl’ the circuit will switch over to Vl

conducting and V2 cut-off, The circuit triggers at such a pulse level
that the mutusl conductance, Gl’ of the first tube exceeds a certain
critical value, The threshold will vary markedly from one tube to another
used for Vl, 'since the grid voltage of a tube for a given conductance,
particularly 1ow' conductance, has a congiderable spread and is dependent
upon the grid-to-cathode contact potential:r, An important property in
this circuit is the back-lash, that is, the difference between the input-
pulse level, on the rising edge, at which the circuit triggers forward. ,
and the level at the trailing edge at which it triggers back to its
original state, This second level is lower than the first by about

2 volts, in most conventional discriminators., Heater voltages play a
significant role, since a 10% change causes a variation of about 100 milli-
volts in the threshold when measuring pulses of about 10 volts in amplitude,

The minimum pulse width which can operate the circuit depends upon the

stray capacitances in the circuit,

Kandiah Digseriminator, Figure 2, is a simplified circuit diagram

of the Kandish Discriminétor, In Kandiah®s circuit, both trigger tubes

are normally conducting, Vl , conducting somewhat less than VZ. The

circuit normally remgins in a stable condition because of the low
impédance of the diode, V3' which is passing a steady current. If one

had the ideal case in which the resistance of the diode 'v’.), is practically

zero when it is conducting, and infinite when it is not, and if R2 and
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B'j were quite large resistances, the application of a positive pulse to

the grid of Vl would increase the current through Vl by an smount exactly

equal to the decrease in current through V2, and also equal to the decrease
in current through V3, providing that the common cathode did not move,

Under such a condition, the plate voltage of Vl would remain stationary

wuntil all the current _passing through the diode had been transferred to

Vl. Past the instant that the diode was cut-off, the plate voltage of

Vl would begin to move, If once the diode becomes cut-off, the ampli-

fication of Vl becomes great enough to permit triggering, triggering will

occur immedistely following the cut-off of the diode, It is the sudden

increase in the plate load of V., once the diode is cut off, that increases

1
the amplification of Vl sufficiently to permit triggering, On triggering,
all of the current'in V, is transferred to Vl. The grid of V2 will be

driven above zero potential when the circuit triggers back, and will return
to zero potential with the time constant 03R4. A diode is somebimes
connected across R4 in order to reduce this overshoot to a reasonably
.small value,

In practise it is impossible to realize a " perfect dicde", 4s a
result, the plate voltage of Vl» does move somewhat before the diode is
cut-o0ff, Since the impedaﬁce of the diode does not change sharply with
changes in current, the transfer characteristic for the circuit, prior to

triggering,' that is, prior to cut—off of the diode, is not linear, As

a result, the triggering point is not as sharply defined as it would be




with a "perfect diode", This circuit, however, is a decided improvement

over the conventional discriminator,

Ihe Amputsting or Window Amplifier, = A window amplifier is an

electronic device having a characteristic similar to that shown in Figure
3o Input pulses having less than a certain definite pulse height
produce no output signal, Above this critical value, there is a range
over which the device acts like a linear amplifier, Above a second, but
not so critical value, the device is driven to saturation, so all input
pulses above this 'value produce the same output pulse, In a limited
sense, this device only amplifies over a relatively narrow range of input
pulse heights,

Such a device is shown m Figure 4, and it is discussed in a paper
by Francis and Bell, titled, "Precision Siﬁgle-Channel Analyzer", Vl is
a cathode follower whose purpose i‘s to adjust the D,C. level of the grid
of-vVZ, as well as 1o pass the input signals along to V,, Normally, V.,

2 1

V3 and V4 are conducting substantially, and V2 is conducting somewhat less,

When a positive pulse enters V,, the grid of V2 rises, and the tube begins

1
to draw more current, This causes the plate voltages of V2 and V4 to fall
somewhat, which causes part of the diode current to be transferred to V2 ’

thus almost completely compensating for the increase in grid-voltage on

V2°

voltage of V2 has risen high enough to cause the diode to be cut~off,

The voltage of the plate does not drop substantially until the grid

Before {the diode is cut-off, the small drop in plate voltage of V2 is fed
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to the grid of Vé s which causes Vé to conduct less, This tends to cause
the cathode voltage of VA to rise, causing the diode to be cut-off more

rapidly., The actual direction of the motion of the cathode voltage of

V# is very sensitive to the gain of V3° The higher the gain of Vf’ the
more rapidly will the diode be cut-off, Once the diode is cut-off, the
device acts like a conventibnal amplifier right up to the point of satu-~

ration, when the characteristic again levels out, The result is

amplification only over a definite range,

Present Discriminstor Circuit Tested, The present circuit consists
of a window amplifier in which Vé and Vé have g common cathode load, for
purpoées of positive feedback to cause triggering, or alternatively, it is
a Kandiah discriminator in which the cathode of the diode is connected
between the split plate loads of the second trigger tube, instead of being
taken to a fized potential, Figure 5 is the circuit diagram of the integral
discriminator just developed,

In Kandiah's arrangement, the diode cathode potential is fixed and
the diode current is switched over to the cut=off or slightly-conducting
tube just prior to triggering, In this arrangement, only one end of the
diode moves, and as a result, the plate voltage of the cubt-off tube does
drop, somewhat, prior to triggering., In the present arrangement, the
switching of the diode current over to the cut=off tube is faster, since
both ends of the diode move and do so in opposite directions, The current

through the plate load of the cut-off tube remsins essentially constant, but

that through the plate load of the conducting tube decreases, causing the
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cathode of the diode to rise, Since this transfer of current is more
rapid in the present arrangement, the compensation is more nearly comple—
éte, resulting in a smaller drop in the plate voltage of the cut=off tube
prior to triggering, This results in a more nearly horizontal transfer
characteristic prior to triggering, than in the Kandish case, so results
in g sharper break in the transfer characteristic curve, Figure 6 shows
the transfer characteristics of the Conventional,Kandish and Present
Discriminators, If the slope of this transfer characteristic is small
enough prior to the ﬁreak in the curve, that is,the cut-off of the diode,
and if immediately following the break’ the slope is such as to cause
triggering, the circuit will trigger right at the break in the curve,
This defines the trigger point more sharply than in the Kandiah arrange-
ment where instead of a sharp break in the curve, one gets a smooth curve

which increases in slope fairly rapidly,

DIFFERENTIAL DISCRIMINATOR

The circuit :Ln the previous section is an integral discriminator,
that is, it merely determines whether or not the pulse height is larger
than the threshold value of the discriminator, which is pre-set, A
differential discriminator determines whether or not the pulse height is
ﬁtm a certain pre-determined range, termed the window, immediately above
a pre~determined level, |

The differential discrimingtor just developed makes use of the integral

discriminator previously developed to determine the threshold, and the Gatti-
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Piva (@) system for determining the window width, Figure 7 shows a
simplified "_block diagram of the circuit and its associated wave forms,

For the moment, ignore all time delays associated with the circuitry,
other than the delay specifically shown, The circuit requires long flate
topped pulses for its operation, These siep pulses enter the pulse shaper,
emerge as rectangulsr pulses, and pass on to the two integral discriming~-
tors, Discriminator #2 is biased to trigger on the smallest pulse to be
encomntered, Its output is a rectangular pulse, and when properly
attenuated determines the window width of the differential discriminator,
Discriminator #2 has two functions: to determine the window width of
the differential discriminator, and to help in registering a coincidence
output at the proper time, The pulse from the shaper is delayed before
going to discriminator #2, The window pulse from discriminstor #2 is fed
to the pulse adder, which adds this pulse to the pulse coming directly from
| = 'bo after the leading edge of the main pulse,

The 6utpu’c from the adder activates discriminator #1,

the shaper, at a time ¢

Let E be the threshold of discriminator #1, AE, the window width,
and ES, the signal pulse height ‘just after the pulse shaper, There are

three possibilities, If ES > B, discriminator #1 will trigger at to o

If E > E_ > E-AR, discriminator #1 will trigger at t If B, < E-AE,

10
discriminator #1, will not trigger., Only those pulses in the range
E> ES > E-AE are to be coumnted, Therefore, it is arranged that a coine

cidence output can orily be registered for pulses which trigger the circuit

at tl. The output of discriminator #2, occuring at tl, gates the
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coincidence circuit at tl. A coincidence can then only be registered if
discriminator #1 triggers at tl.

Most conventional circults which require shaped rectangular pulses,
accomplish this shaping by charging a condenser having associated circuitry
which has a long time constant for discharge, and then shorting out this
condenser with a vacuum tube at the appropriate time, This gives a
regsonably horizontal flat-topped pulse, providing that a long enough time
constant is used, However, there are a number of associated problems
when using this circuit, such as a pedestal on the output rectangular pulse,
This can be overcome, but at the expense of making the circuit rather
sensitive to fluctuations in D.C. levels,

Figure 8 is a circuit diagram of the differential discriminator
just developed, This discriminator accomplishes the shaping of pulses
by the use of a shorted delgy line, The input pulses are transformed into
step waves by means of condenser discharge with a long time constant, These
step waves drive a cathode follower, which in turn drives the open end of a
shorted delay line constructed from HH2000 cable,

The Gattl system for differential discrimination lends itself well
to multi-channel operation, since the classification of the pulses in the
different channels is accomplished by a single discriminator for each channel,
instead of two having thresholds corresponding to the boundaries of the
channel: as done in conventional fast pulse analyzers, The use of a single

discriminator for each channel is made possible through the shaping of the

incoming pulses so that they are made to carry an element containing the
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information relative to the channel width, while preserving the original

information relative to the height of the pulse itself, Then the thresh-
olds of the discriminators need only to define the positions of the
channels, no more their width,

Using the Gatti system, fluctuations on the threshold value do not
influence the window width, but only the position of the chamel, For
multi~-channel operation, the width is a constant for all channels, because

it is defined by a single physical system, the pulse-shaper circuit,



CHAPTER III

THEORETTCAL DISCUSSICN COF THE CIRCUITRY,

The purpose of this chapter is to discuss, from a theoretical point
of view, some of the factors affecting the stability, sensitivity, and
sharpness of triggering of the two discriminators just developed, This
discussion will be limited to the integral discriminator, since the

factors affecting it will also affect the differential discriminator,

CONDITIONS FOR TRIGGERING

It is assumed that the various parameters of the discriminator
circuit have been adjusted so that triggering occurs immedistely after the
diode, which is connected between the plate circuits of the two trigger
tubes, ceases to conduct,

In the present circuit, the diode, while conducting, reduces the
effective plate load of the first trigger tube to a relatively small value,
As a result, wntil the diode ceases to conduet, the amplification at the
plate of the first trigger tube is insufficient to permit triggering.

Once the diode ceases to conduct, the circuit triggers providing that the
necessary mutual conductance, gm, for the first trigger tube, as calcula~
ted for a conventional discriminator, is present,

The purpose of this section is to calculate the gm required for
triggering for a conventional discriminator., Figure 9 (a) is an equivalent
circuit for the cathode-coupled pair, Subscripts, 1, refer to the cut-off

tube, and 2, to the conducting tube,
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 CATHODE FOLLOWER

= g%zge %oadd V, - voltage signal

= e impedance ' : (due to B+ change)
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= ,.,¢phe.1oad (of cathode follower) i equivalent generator
= output impedance (of cathode follower) voltage

Viiag = DeC.grid voltage



V is the signal voltage,

In the diagram: r, is the load resistance
rp is the plate resistance
@ is the amplification factor
Ty is the common-cathode resistance,

The circuit equations are:-

1, B, By = rm(Il - 12) + Il( r, + rpl)
24 - Bg, ==~ (I, =I)+I(r +2 )
Vo %82 = Tt f1 7 %2/ T aVe, T Ry
where: Egl =V = T ( Il - 12)
Eg, = Ilrel + rm(Il-Iz)
Rearranging:
1, Il(rel-i- rpl+(u1+l)§l) = v+ I, rm(pl-i-l)
2, IL(ur +r (p+1))=I(r +2 +r ( +1) )
lp2elmp2 : »262 pzmu2

Dividing, we obtain:

X= p v+ I rm(p,1+l)

12Y
where 3 X= rm(p1+l) +re + r’pl and Y=rez+rp2+rm(p2+l)

rm(p2+l) + p; rel”

Therefore: IZ(XY - rm(p1+l) ) = WY

For instability, we require that 12 become very large for v = constant,

say zero, Therefore, the condition for instability is:

XY - rm(pl-*i’- 1) =0



Consider that:

r, = 04 ohms B =l
rel = tlaclo3 ohms | ng = 3900 | mhos
) 5.1 10° ohms = pz/gmz = 12,82 x 10° ohms
oy -pl/gml = 50/gml
Then : X= 5,14z 10° + T e Y= 5,279 x 10° ohms
Tol x 00 ~

Solving for emy gml = 291,5 ymhos,

This is the minimum value of gml for which the cirewit will trigger once

the diode ceases 0 conduct,

STABILITY REQUIRED FOR THE B' SUPPLY VOLTAGE

B supplies can be made as stablg as required by the use of suffi-
cient negative feedback, and étable enough reference voltages and components,
However, high stability is obtained at the expense of greater complexity
of circuitry and higher cost., It is, therefore, necessary to know what
minimum stebility can be tolerated in the 5t supply output voltage, .

Cathode follower Circuit. FPigure 9 (b),is an equivalent circuit
for the cathode follower, |

Here, v  is the fluctuation in the B' voltage, I is the 4., compo-
nent of the plate current, k is the fraction of v that appears at the
control grid, and v, is the output voltage, The c:.rcu:.t equation iss=

p(kvsali)-i-vs = I(rp+rk+re)‘



I= VS(LJ.KH.)
T u+l +rp+re

Therefores Av:0 = Ig{= rkvs(p}?'l)

rk(p:i-l; + rP+ Ty
= the change in v,

Consider that:-

r, = 10% ohms
re = 102 ohms
x, = 12,5 x 10% ohms
u =50
k= 0,326
Thens Avo = OaBBlVS
= 1,015 kv_

The change in the cathode voltage, Avo,is not important in itself, but

rather in the effect that it hé.s on the threshold of the trigger circuit,

Cathode-Cou'p;gi Irigger Pair, A change in the B voltage, Vgs causes
a fraction of this change to be applied to the control grids of the two
trigger tubes, Yy is also applied directly/gﬁe plate circuits of the
-two trigger tubes, causing a second-order effect, Since this circuit may
be considered as a pair of cathode-coupled cathode followers, the first
order effects due to Yy will cancel, The resultant change in the triggering
point due to Vg will be a second-or third-order effect. As far as v is
concerned, both trigger tubes may be considered to be triode-connected,

Let ky be the fraction of Vq gppearing at the control grid of the
first trigger tube, v,, ILet kll, be the fraction of Vs appearing at the
plate of v, Let k2 be the fraction of vy appearing at the control grid

1
of the second trigger tube, v.,, Let k21 be the fraction of Vg appearing at




the screen of v2;

Figure 9 (¢) is an equivalent circuit for the cathode coupled
palr; ro' is the output impedence of vy and y is the output impedance
2
of Vo looking in at their cathodes,

The effective grid voltages are:
=k v + k2l v

1 :
= v -+ V,V
AT 8 off 2's 2 s
! M2

If Al and A2 be the amplifications of the two cathode followers, the two

v
81 eff,

generators driving into their output impedances are,

v

154

oV
g . 9 Vo = o V
1 eff. 2 8 off,
The circuit equations are:
Lo v = Il(rol-!-rm) +Ix,
2. v,=Lr + 12(r02+ rm)
Solving:
IL=vy=I,r and L= v,r + rm(v2 - vl)
rol, * Th r, ;o + :bm(rO + T, )
1 72 1 2

The change in the cathode potential is:

Av = rm(Il+I2) = :c'mvl+r01(vgzc'o +rm(v2-v1))
r, T+ rm(r )
1 % % %

r +7r
01 m
For a cathode follower: A= y
B+l ) D e



Providing that the slope of the dynamic transfer characteristic

for the cut—off tube does not change due to a change in the B+, and this

seems reasonable in a first order approximation at least, the change in

the triggering point, AT.P,, will be given by (Avm -7 )e

81 eff,

Therefores
v B w © 1'01( v2 I‘ol + I‘m (vz = vl)) - ‘
Tn'l + r r: + :cm(ro + T, )
AT,P,= %1 % 1 %2
r +T gl eff,
Ol m

Comparing the two terms in the numerator of the first term in the expression
for AT.P., it is found that the second term is smaller then the first by
more than four orders of magnitude,

Therefore: ATP = T Al -1

v
rm + ro ) g1 eff,

1

To minimize AT,P, it is required that A1 = 1landr >0, In practice,

o}
‘ 1
these limits cannot be obtained but they can be approached by using vacuum

tubes having reiatively large p and = and relatively small rp,
. - 10 _
Nows r, = 10" ohms kl = 0,331

r, =4z 10° ohms - kll = 0,988

1
_ | If it is assumed that the circuit triggers at the value for gml, .
as calculated for the conventional discriminator, and that p = 50, then:
A = 0980 and v =3.43 % 10° ohus,

1
Then: ’ATQPQ= "'00094 vs

- However, in actual practice near the triggering point, the value of



g,» is epproximately 750 p mhos, If p =50, then A = 0,98 and r, =

1

5

1,359 x 10” ohms,

Thens AT, P, = 0,049 ;rs ,,,,,

In order to maintain AT,P, = 1 millivolt, requires that v, < 20,4

millivolts,

STABITITY REQUIRED IN CERTATN RESISTORS.,

Variations in the triggering point can arise from varistions in
the component values of certain resistors., The cathode resistors,
the plate resistors @ross the diode, and the bias chain resistors are
most sensitive when variations in the triggering point are to be consid-
ered, Variations in the values of resistances include both noise and
temperature coefficient effects, Certain resistances will require to
be of the low-noise variety and also be made from materials having a very
small temperature coefficient of resistance.

Cathode follower circuit, Figure 9(d) is an equivalent circuit for

the cathode follower, i is the total instantaneous current, v bias is the

D.C. voltage on the control grid, and A is the output cathode voltage,

The circuit equation is:= p(v bias - i rk_) =i (rp—i-re + rk)

Cathode load, If T, clr‘la.nges to a value e + Ark, the current

changes to a value i + Ai, and the circult equation becomes:

plv vias = (i +Ai)(rk+Ark)) = (i +Ai)(rp+ r, +Ark+rk)

Then: AMl=i( » +r + rg(p‘-s- 1) ) 1)
rp + re+(rk+ Ark) (p +1) g

Now: vo =i rk

Therefore, the change in Vos Avo = i Ark + l‘kAl



3}

Therefore: f:.?. = éfl:_ + r o+, + rk(p, 1) =1
A T, T, Tyt (rk-i-Ark) (p +1)
Nows T = 102' ohms
T, = 10~ ohms
r = 1,25 x 104 ohms
p =50

Consider that v'o = 80 volts and that we require Avb <1 m:i.]v.l:i_vol't°
This requires that: Arm_ < 5.18 ohm or < 0,0518. %

Plate load, If. T, changes to a value :re-i-Are, the cﬁrrent changes
to a value i + Ai, and the circuit equation becomes:

u( v vias = rk(i +41)) = (1 +Ai)(rp+ r o+ Ar_ + rk)

Then: Ai = ié rk(w-l) trotT .

(rk(w-l) + rp +re+Are

Avo = I‘kAl
Therefores fp_ = rk(u+1) trodr,
- -
o rk(p-l-l)-l- z, +r AT,

Consider that: V= 80 volts and that Avo < 1 millivolt, This requires
that A, < 6.4 ohms or 6.4%,
Cathode~Coupled Trigger Pair, Figure 9(c) is an equivalent cireuit
for the trigger circuit, The circuit equations ares
v, = 11(1‘0 + rm) +ir,
v = i, (ro + rm) +i, 1
2
Here, i‘l_ and 12 are the total instantaneous currents, and vy and v are
2
the D.,C. potentials of the control grids,
vy = ‘A‘l v bias,

?AlklEbb =dy by By
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The voltage of the cathode, v s is given by v, = rm(il+:s.2)
The expression for v will be the same as that obtained for Avm in the

section dealing with changes in the triggering point dve to fluctua-

tions in the B+:

Therefore: vm =1 V., * ro (vzro + rm(v2 - vl))

nl
l .
T ro+rm(r0+ro)
1 "2 1 2
r +r
0 m

The second term in the nuimerator is smaller than the first by more than
four orders of megpitude,

Therefore: v =TV
m m

The change in the value of the common cathode voltage, Avm, due to changes
in the values of the resistors, is given by:

Avm =(r0 + rm) (r Av. +v. Arm) - rmvl(Aro + Arm)

o m 11 1
(rol+ rm)2
Now: vy = Alklgbb Where: Al = P;
Wt 1
and: rol = rP1+ rel

Therefore; Avl = bbAlAkl
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Consider that: r = 104 ohns, Ebb = 236 volts
r =4x 103 ohms By = 50
e
T = 6,67 x 104 ohms k.= 0,331
P 1
1 .
Common-Cathode Load, If only T, varies then:
Aro =0 A.l = 0,98
1
Avl =0 v, = 76,55 volts
3

%
Then: Av = 8,18 x 10..4 Ar
mn n

ohms

Since AT.P, = Avm, in order to keep AT.P, < 1 millivolt requires that

Ar < 1,22 ohms or 0,0122%

Plate Load of Cut—off Tube, If only r, varies, then:

1
Aro = 1,960 x 1072 Are
1 ‘ 1
Avl =0
. _ -4
Then: Avm = =1,157 x 10 Are

1

In order to keep AT,P, < 1 millivolt, requires that Are < 8,64 ohms or

1
0,216%,

Upper Portion of Plate Load of Conducting Tube, The expression

used in the immediately preceeding section for Avm will not handle the

situation where the plate load of the conducting tube varies, since T,

. in
does not appear /this expression,

2




However, both the equivalent circuit and the circuit equations are symmet-
rical in the subscripts 1 and 2, Therefore, one can interchange the sub-
scripts in the expressionsfor Avm, Aro and Av without loss of their
mathematical validity,

Therefore: Avm = (rO +rm) (rmAv -+ varm) - rmvz(Aro + Arm)

P 2 >
(r02+ rm)2
bvy= By dohle,
Ar = AI‘e
%2 2
p2+l
. Consider that: r, = 104 ohms E’bb= 236 ohms
r =4z lO2 ohms k, = 0,347
e2 _ 2
r  =1.25 x 10 ohms B =50
Py .
If only r, varies then:
2 .
Ar  =1,960 x _10"2 Ar r = 252,9 ohms
o} e o
2 _ 2 2
AV2 = 0 A2 = 0,98
v2 = 80,25 volts
Then: Avm = -=1,496 % ZLO_4 Are

2

The change in the voltage across T, is 8.4 x lO"3 Are s This voltage will
2 2

appear across the diode, and since the gain of the first trigger tube is very

nearly wnity, AT,P = (8.4 - 0,15) x 10"3 Are o To keep AT, P, < 1 millivolt
2
requires Are < 0,145 ohms or 0,036%,
2
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Bias Chaine Variations in the values of resistors in the bias
chain may be accounted for by making use of the expression for v derived
in the section dealing with variations in the values of resistors in the

trigger circuite

'V'm = I Vl = rmv2
T + T T +r to a very good approximation,
Ol m > m

where: v, = AlklEbb and v, = A2k2 Ebb

Since T, and r, are independent of k]. and k2, only ALY end v, vary in the

1 2
expression above,
Therefore: Avm = rmAlEbb Akl = rmltlz‘r'}'bb/nc2
T, + r T, + T
1 2
Therefore: ﬂ } Akl i Avm ) Alc2
i k) i 5
Consider that: v, = 87.5 volts
k‘.l. = 0,331
k2 = 0,347

Suppose that k1 and k2 were to vary, independently, In order
that AT, P, < 1 millivolt would require thats

A, < 3.78x 107° or 1,14 x 107 %

Ne, S 5497 x 107 or 1.14 x 1074
It is more likely that kl and k2 would change together, and in the same
direction, In such & situation there would be a large measure of com=

pensation,
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LEAKAGE RESISTANCE OF CERTATN CONDENSERS,

Condensers have finite leakage resistances which fluctuate in
magnitude between widely separated limits, Fluctuations in the leakage
current cause fluctuations in certain of the operating potentials within
the circuit, The minimum leakage resistance thet can be tolerated, in
order that the fluctuations in the triggering point will be < 1 millivolt,

will be calculated for each of the condensers showh: in Figure 5,

Cross=Coupling Condenser, The leakage current must pass through
about 143,000 ohms on its way to ground, If the grid voltage of the
conducting trigger tube is to be stable to < 1 millivolt, the leakage
current must be < 7T x 1()-9 amperes. Since the D.C, potential drop
across the condenser is about 151 volts, the leakage resistance must be

10

greater than 2,16 x 10 ohms,

Input Condenser, The leskage current must pass through about
140,000 ohms, If the grid voltage of the cathode follower is to be stable
to < 1 millivolt, the leskege current must be <7.14 x 10™° amperes. If
the D.C, level of the in-pu‘!; pulses is at ground potential, the D,C. potential
drop across the condenser is about 77 volts‘f Therefo~re, the leskage
resistance must be greater than 1.08 x 1010 ohms,

Output Condenser. Since is approximately 50 for a triode- -
connected M8100, a change of 50 millivolts at the screen of the conducting
trigger tube is equivalent to a change of 1 millivolt at its control grid,

If the screen is to be stable to < 50 millivolts, the leakage current through




the 400 ohm resistor must be <l.2 x Zl.O""4 amperes, 1f the output is

taken to ground potential, the D.C, potential drop across the condenser
is approximately 204 volts, Therefore, the leakage resistance must be

be greater than 1,7 x 106 ohms,

Noise Filtexr Condensers, The two 0,01 micro-farad condensers,
which are connected between the two bias control center taps and ground,
in combination with the two 100,000 ohm grid resistors, form noise
filters, The leakage resistances of these condensers are in parallel
with the lower portion of the bias chain, This reduces the effective
registance of the bias chain, so reduces the bias voltages. If the
bias voltages are to be stable to <1 millivolt in about 80 vol’ds, that
is, stable to a factor which is < 1,25 x 10-5, the leakage resistances

mst be greater then 43,000/1.25 x 10~ = 3,44 z 10° ohms,



CHAPTER IV

EXPERIMENTAT MEASUREMENTS,

The purpose of this chapter is to discuss the experimental
techniques involved in developing and testing the 'circuitry end to record
the results of the measurementsA conducted upon the circuitry, 4 number
of methods were used in the measuring of the parameters affecting the
two discriminators, but in every case, the measurements were repeated

several times in order to be certain that they were reproduceable,

| Only reproduceable results will be incorporated into this thesis,

TRANSFER CHARACTERISTICS OF THE TRIGGER CIRCUIT,

The stability, sensitivity and sharpness of triggering of a
trigger circuit are m_ainly dependent upon the shape of the dynamic forward
transfer characteristic of the cut=off tube in the itrigger circuit, The
transfer characteristic is a plot of the plate voltage versus the control
grid voltage. The slope of this curve at any point, is the amplification
of the stage at this point,

The circuit requires a minimum loop amplification which is slightly
greater than unity, to enable it to trigger. This in turn requires a
certain minimum amplification from the grid to the plate of the cut=off trig-
ger tube, in order to enable the circuit to trigger, This minimum ampli-
fication will occur at some point on the transfer characteristic curve,
However, tube and component parameters vary slightly with time, resulting
in a narrow range' of amplifications at which the circuit triggers, If the

rate of change of the slope of the transfer charecteristic is small at this
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point, the point at which triggering will occur will vary between relatively
widely separated limits, If, on the other hand, the necessary amplifica~
tion should be realized in a region where the slope is changing rapidly,
triggering will occur between relatively close limits, The circui’c developed
incorporates é diode which causes a fairly sharp bend to appea:r in the
transfer characteristic, Preceding; the bend, the slope is too small to

permit triggering, Triggering then occurs on the bend,

Static Iransfer Charaderistics. Figure 6 is a modified form of the
static transfer characteristics for three different arrangements, These
' curves were obtained by applying a known D,C, potential to the control grid
of the cut=off trigger tube, and measuring the resultant D.C. current
- passing through the plate load resistor by means of a Simpson D.C, Millie
ammeter, The plate = to = grid cross=coupling condenser was disconnected
for these measurements, Since these characteristics are only true for
static conditions, they do not form an accurate basis for comparison of the
three arrangements tested, but merely give an indication of what one may
expecte

The curve labelled "no diode" was obtained by removing the diode
from the integral discriminator shown in Figure 5, This curve is the
characteristic for a conventional diseriminator having the same component .
values as the discriminator just developed, The curve labelled "R-H diode"
was obtained using the discriminator as shown in Figure 5, The curve
labelled "K diode" was obtained by connecting the cathode of the diode to

vwhat was a very nearly constant potential, somewhat smaller than the B+.
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The cathode was connected to a Bt voltage divider composed of a 2,200 ohm
resistor and a 100,000 ohm resistor, the 2,200 ohm resister being connected
to the B+. The resultant potential of the cathode of the diode was then
the same as in the R-H diode case., This is very nearly the case of a
Kandiéh diseriminator having the same components as the discriminator just
developed, Here the cathode of the diode moves up slightly as the diode
current decreases, whereas in the Kandish discriminator the diode cathode
remains at a fixed potential, As a result, this curve will be slightly

sharper than that for the Kandiah discriminator,

Dynamic Transfer Characteristics. Figure 10 is composed of
sketches of the dynamic transfer characteristics, up to the triggering
point, and then the triggering over _of the circuits, for the conventional,
Kaﬁdiah and R~H discriminators, reproduced from oscilloscope traces, The
output from the pulser unit was fed to the external sweep terminals of
the oscilloscope and also to the input of the discriminator, the output
of the discriminstor being taken from the plate of the first trigger tube
and fed to the vertical déflection input of the oseilloscope,

Figure 11 is composed of sketches of oseilloscope traces of the
motion of the common cathode of the trigger pair, obtained in the same

manner as the curves in Figure 10,

THE EFFECT OF VARTATICNS IN THE SUPPLY VOLTAGES UPON THE THRESHOLD,

Variations on both the B" and heater voltages cause variations
on the threshold for triggering, The following measurements were conducted

upon the integral discriminator as shown in figure 5,
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Variations on the B', The B' voltage was varied by changing the
fraction of the B+, voltage applied to the control grid of the amplifier
in the voltage stabilizer, by means of a voltage divider, The change in
the B voltage could be set and measured to bebtter than two millivolts,
by a method which will be discussed in a section in Chapter 5 titled ugt
Stabilizer«", The triggering point, for a particular setting of the
bias control, was determined by observing the minimum setting of the
helipot: of a calibrated pulser unit, for which the discriminator would
Just trigger, as determined by connecting the output of the discriminator
to a glow=tube scaler, The change in the triggering point caused by a
change in the 5" voltage, was determined by observing the difference
between the . helipot settings of the pulser, for the two triggering points,
It was found that a change of 530 millivolts on the B+ voltage caused a

shift of 1 millivolt on the triggering point.

Variations on the Heater Voltage, Four different tests were made
in order to find out how variations on the heater voltage affected the
triggering point, The heater voltage was varied by means of a variac
and measured by means of a Weston Voltmeter, Model 433, The heater
voltage could be set and read to better than five millivolts, The
variation in the triggering point was determined by the method used in
the preceeding section, and could be determined to better than 0.2 milli-
volts,

Figure 12 contains plots of the variation in the triggering point

with the variation in the heater voltage, for three of the four tests
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conducted, The curve labelled "Pentodes" was obtained by varying the

heater voltage of the three pentodes, while keeping the heater voltage of
‘the vacuum diode constant at 6,3 volts A.C. The curve labelled "Diode"
was obtained by varying the heater voltage of the vacuum diode, while
keeping the heater voltage of the pentodes constant at 6,3 volts A.C.
The cﬁrve lgbelled "Digcrimingtor" was obtained by varying the heater
voltage on all foﬁ:c vacuum~-tubes in the integral disriminator, These
three curves were brought into coincidence at 6,3 volts by shifting them
vertically,

The fourth test was conducted using the crystal diode, IN478, in
place of the vacuum diode, 6 AL 5, Varying the heater voltage on the

pentodes produced the same curve as the one labelled "Pentodes" in Figure 12,

THE EFFECT OF VARTATIONS IN THE VALUES OF RESISTORS UPON THE THRESHOLD,

Shifts in the triggering point due o changes in the values of
certain resistors, were measured by parslleling these resistors with a
mich larger resistance and measuring the resultant shift in the triggering
point, Table I is a list of the resultant shifts in the triggering point

due to 1,% reduction in the values of certain resistances,

Component Change in Component Value Shift in Triggering Point
in millivolts,

l"kl ""1% 705

r =1% not measurable
°1

) - -1% =5.5

r, -1% not measurable
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Component Changes in Component Value Shift in Triggering Point
' ‘ in millivolts '

T, =% -3,0
2
ry ~1% ’ 0,3
3
TABIE I, Variations in the Triggering Point With Variations

In the Values of Certain Resistances,

Shifts marked "not measurable", are < 0,05 millivolts in magnitude,

In Table I, :

]
]

plate load of cathode follower,

cathode load of cathode follower,

H
]

e
1

T = common-cathode load of trigger pair,

T, = plate load of cut=off trigger tube
2 o

T, = upper portion of plate load of conducting trigger tube,
3

Ty = lower portion of plate load of conducting trigger tube,
3 .

~ BIAS LINEARITY OF THE INTEGRAT, AND DIFFERENTIAT DISCRIMINATORS.

The D,C., potential of the control grid of the cut-off tube in
the trigger circuit is ‘indirectly adjusted by means of a .helipot in the
bias chain, Since this .kelipot is used to adjust the threshold for the
diseriminator, it is necessary to know whether or not it conti’ols the
threshold in a linear memner,

In obtaining the bias curve, flat=topped pulses.having a decay time
constant of about 50 p seconds were used, The hellipot setting was

varied, and for each setting the minimum pulse height which would cause




triggering was determined, The .helipot controlling the bias is of the
10 turn variety, and its control dial has 1000 divisions, Figure 13 is
a plot of the minimum pulse height necessary for triggering versus the

bias dial setting,

WINDOW WIDTH LINEARTTY OF THE DIFFERENTIAL DISCRIMINATOR,

The differentlal discriminator requires flat-topped pulses

’ for its operation. Since these flat-topped pulses are obtained by using
a shorted delay line to clip the incident step-waves, which have a finite
time-constant for decay, these pulses are not perfectly flat but instead
show an exponential droop, If all the incident step-waves have the same
time-constant, and this is the case, the droop at any definite point on
the output rectangular pulses from the pulse shaper is a constant fraction
of the pulse height,

Since the window width is conitrolled by adding a fla’c—'bopped pulse
on to the main one at about 3/2 y seconds after the leading edge of the
main pulse, the actual window width which the discriminator sees is the height
of the window pulse minus the droop, which is approximately 3% of the height of
the main pulse at this point,

It is obvious that the window width will decrease as the pulse height
increases, This argumen‘c has assmned‘ that no other factors affect the
window width,

Since it is necessary to know precisel:} how the window width varies
with threshold setting, the window width linearity curve, shown in Figure

14, was determined, For each setting of the bias control, the minimum and
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meximum pulse heights for which triggering occurred at the added step, were

obtained, The difference between these two pulsé heights was considered
to be the effective window width,v In Figure 14, this effective window
width is plotted against the bias setting for several values of the window
width step, which is added onto the main pulse, |

SENSITIVITY, STABILITY AND SHARRNESS OF TRIGGERING OF
THE INTEGRAL DISCRIMINATOR,

The diseriminator was found to trigger on pulses of iess than 0.5
millivolts in magnitude, However, at this bias setting tﬁe circuit is
very close to the oscillation point, so is somewhat unstable, Operation
should probably be confined o pulseslz-z millivolts, in order to avoid
the possibility of spurious oscillation occurring.

The stability of the discriminator was determined by recording over
both long and short time interyals the minimum pulse heiéht which would
cause triggering, for a fixed bias setting, The short’term stability was
founé to be better than 0,5 millivolts, and the long term stabilify better
than 1.2 millivolts, The short terﬁ.étability was alsb‘determined by
means of an oscilloscope photograph of the dynaﬁic transfer characteristics,
as shown in Figure 15. The pulses from the pulser unit were used to sweep
both the discriminator and the oscilloscope.- These pulses were fed
diredtly to the external sweep terminals of the Tektronix oscilloscope,
and through a 1000 times attepuator before going to the integral discrimi-
nator, One division on the horizontalvscale is equivalént to three
millivolts at the discriminastor input, One division on the verticzl scale

corresponds to five volts at the plate of the cut-off trigger tube, which
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was connected to the vertical input of the oscilloscope, From the
width of the ti'ace at the triggering point, the stability over the
five minute period of the exposure would seem to be < 0,3 millivolts,
The gharpness of triggering of the integral discriminator was |
determined by the following procedure:, The input pulses were supplied
by the pulser unit which supplied 60 pulses per second, and the output
of the discriminator was fed to a glow-tube scaler, For a fixed bias
setting, the input pulse heights were varied and the number of times
that the circuit triggered in a fixed time interval was determined by
the scaler, Figure 16, which shows the results of these measurements,
is a plot of the input pulsé height versus the number of times the discri-

minator triggered in one minute,

SENSITIVITY AND STABILITY OF THE DIFFERENTIAT DISCRIMINATOR,

The. differenf.ial discriminator will trigger on pulses of about
1 millivolt in magnitude, However, when operating at levels bglow 10
millivolts, the discriminator frequently begins to oscillate, Oscil-
lation sometimes occurs when operating at threshold levels as g'reat as
25 millivolts, VWhen either one, of the two integral discriminators
involved, is disconnected, the remaining 'integral discrimina‘bor operates
with a stability and sensitivity similar to that of the integral discrimine—
ator discussed earlier in this chapter. The instability seems to be
largely due to an interaétion between the two integral discriminators,

When operating well away from the oscillation point, at thresh-
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holds which are larger than say 50 millivolts, the following stabilities

were measured by the same procedéare: as used when determining the stability
of the integral discriminator, The short term stability, over a period
of 10 minutes, was found to be better then 2 millivolts. The long term
stability was found to be of the order of 6 or 7 millivolts., Investi-
gation of this instability suggested that it was due to radiation and
capacitive pick-up, and also to the method used for adding the window pulse
on to the main pulse, As the circuit now stands, the stability is not

good enough to permit low=-level operation,



CHAPTER V

A DISCUSSTION OF THE DIFFICULTIES ENCOUNTERED AND

THE RESULTS OF THE EXPERTMENTAL MEASUREMENTS

This chapter has three aims: to discuss the difficulties
encountered in developing two discriminators which would meet the
sensitivity and stability requirements; to discuss the results of the
experimental measurements; and to comparé -experimental results with
theoretical calculations, This chapber will be divided into three
main sections, The first section will deal with results and diffi-
culties common to both the integral and differential discriminztors,

The second section will deal with i'esults pertaining only to the integral
discriminator. The third section will deal with results and difficul-

ties pertaining only to the differential discriminator,

RESULTS AND DIFFICULTIES COMMON TO BOTH THE INTEGRAL AND THE

DIFFERENTIAY, DISCRIMINATORS,

Transfer Characteristics. On the basis of the static transfer
characteristics shown in Figure 6 it would seem that for the diserimi-
nator just developed, the stability and sensitivity should be somewhat
better than the stability and sensitivity for the Kandiah discriminator,
Since the characteristic for the R-H discriminator has a smaller slope
prior to the bend, than the slope for the Kandiah discriminator, there

is less chance for triggering to occur prior to the bend in the character-



istic, Although it is difficult to tell from the curve, the bend
for the R-H discriminator should be somewhat sharper than that for
the Kandiah discriminator, improvihg the sharpness of triggering,

The proper basis for comparing these two discriminators is a
comparison of their dynamic transfer characteristies., However, thes_e
are difficult to obbtain, because each circuit will trigger at some

point, obscuring the true shape of the characteristic above this point,

The dynamic transfer characteristics in Figure 10 seem to indicate

that the relative sharpness of triggering of the R-H discriminator as
compared with the Kandiaix discriminator, is about the same as indicated
by the static transfer characteristics for these two circuits.

Figure 11 sﬁggests that the triggering point is more sharply
defined for the R-H discriminator than it is for the Kandiah discrimi-
nator, In the Kandiah discriminator the cathode of the diode remains
at a constant potential, In the R-H discriminator, the common-cathode
voltage of the trigger pair drops prior to triggering, resulting in a
net decrease in the current passing through the upper portion of the
plate load of the conducting trigger tube, This causes the cathode of
the diode to rise, which cauées the diode to be cut-off more rapidly
than in the Kandiah case, i?esulting in an improvement in the compen-
sation for the drop in the plate voltage of the cut-off tube,

The transfer characteristics indicate that the stability and
sensitivity of the discriminator just developed, are better than the

stability and sensitivity of the Kandiah discriminator,




Choice of Vacuum Tubes, Conventional discriminators tend to

perform best when using sharp cut=off pentodes in the trigger circuit,

In the circﬁit just developed, however, a more important factor to be
considered was the minimizing of differences in tube characteristics among
tubes of the same type. The MB8100 was chosen because all tubes of this
type are supposed to have characteristics within 1% of the mean characte=
ristics for this tube typé. When using M8100 's, tubes can be replaced

without a serious resultant change in operating characteristics,

;_B: Sfabilizer, The BY power supply used in this project iwas
patterned after a United States Navy Preferred Circuit, The Preferred
Circuit was reputéd to have a long term stability of about 300 millivolts
in 300 volts and an output impedance of about 10 ohms, When first
constructed, the stabilizer was found to have a stability of about 7 volts
in 235 volts, This instability was found to be mainly due to temperatures
effects, The use of fairly large wattage wire wound resistors, cooled
by a fan, improved the situation considerably. However, the sampling
chain was not stable enough, so it was replaced by precision laboratory
resistance boxes, It is intended that eventually the sampling chain will
be constructed from oil-bathed mangenin wire-wound resistors, The refe-
rence voltage was supplied‘ by an 0G3, which was- found to be very sensitive
to temperature changes, This condition was remedied by wrapping the bulb
of the 0G3 with sluminum foil, in order to dissipate its heat more
effectively, At this 'point, the long term stability was fairly good,

but the short term stability was very poor. It was found that the fluctua-



tions were due to pick=up by an unconnected pin in the base of the 0G3,

This was remedied by connecting this pm to an adjacent pin, The schematic
diagram for the stabilizer is shown in Figure 17,

The output voltage of the stabilizer, about 235 volts, was monitored
by an . Esterline-Angus recorder, Approximstely 90 volts, of the 235 volts,
was obtained from a precision laboratory voltage divider, backed-off by a
90 volt dry battery, and the difference voltage fed t§ a D.C.‘amplifier |
before going to the recorder. In this way, fluctuations on the B+ voltage
as small as 2 millivolts could be detected and measured,

By using a Sorenson regulator to supply the 117 volt A.C. power to
operate the stabilized Bt power supply, a short tefm stability of about
2 millivolts, and a long term stability of about 25 millivolts was realized
for the BY supply voltage,

It was then found that the stability necessary for the Bt voltage,
to reduce changes in‘ the triggering point to below_l millivolt, was 530
millivolts in 235 volts, This is not in agreement with the value of about
20 millivolts as calcuiated theoretically, This would seem to indicéte
that the assumption to the effect that the shape of the tramsfer charac-

teristic does not change with s change in the B+ voltage, was false,

Heater Voltage Stability, The triggering point was found to be
quite sensitive to changes in the heater voltage, From Figure 12 it can
be seen that an inci'ease of 1% in the heater voltage applied to the diode,

at 6.3 volts, causes the triggering point to rise by about 4.4 millivolts,
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An increase of 1% in the heater voltage of the pentodes, at 6.3 volts,

causes the triggering point to fall by asbout 7.8 millivolts, When the
heater voltage on all tubes is increased by 1%, at 6.3 volts, the trigger-
ing point falls by about 4,2 millivolts, The use of a vacuum diode, in—
stead of a crystal diode, as a plate load for the cut-off trigger tube,
introduces a compensation of approximately 46% for changes in the triggering
point due to changes in the heater voltage of the pentodes, To reduce
fluctuations in triggering point due to fluctuations in the heater voltage
to below 1 millivolt at 6,3 volts, requires a stability in the heater
supply voltage of about 15 millivolts or 0.24%, The 117 volts A.C. for
the power supply is supplied by a Sorensen regulator, which should be
capable of maintaining the heater voltage to within the required tolerance,
Certain crystal diodes have a smaller D.,C, resistance to forward
| currents then is the case for most vacuum diodes, such as the 6AL5 used
in this circuit, The use of a crystal diode having a smaller forward
resistance than the 6AL5, would result in more complete compensation for
the drop in the plate voltage of the cut-off tube prior to triggering,
This would sharpen the triggering point, and also improve the stability
of triggering, in so far as the transfer characteristic is concerned,
A crystal diode is not used in this circuit because it does not compensate
for fluctuations in the triggering point due to fluctuations in the

heater voltage applied to the pentodes,

Variations in the Partition Current, Pentodes are normelly used

in low level trigger circuits, although they introduce one problem,.not common



to triodes,. The screen of the pentode is normally taken to a fixed
potential, and the screen current is fairly well defined., However, when
working at very low levels, a slight fluctuation in the partition of the
cathode current between the plate and screen circuits causes a substantial
change in the plate voltage, This is not permissible in a trigger circuit
which is to work down to about 1 or 2 millivolts, with a stability of 1
millivolt, It was found necessary to triode—coﬁnect the cut=off trigger
tube, and to connect the screen of the coﬁducting trigger tube to the
intersection of the two resistors in the split plate load of the conducting
trigger tube, In this arrengement, the conducting tube is not really triode=
connected, but fluctuations in the partition current will not affect the
potentials applied to. the two ends of the diode, Figure 5 shows the
schematic diagram of the integral discriminator, which makes use of the

ppecediﬁg‘ arrangement,

Linearity of Bias Control, Figure 13 shows that the bias control
is certainly not linear, especially when working at low levels, When
discriminating pulses having magnitudes greater than about 250 mwillivolts,
the bias control controls the threshold in g linear manner, However, below
about 40 millivolts, the bias control is quite non-limesr, A% sbout 250
millivolts, 1 division on the bias control is equivalent to 0,70 millivolts
of pulse height, At levels which approach zero millivolts in pulse height,
1 division on the bias control is only equivalent to about 0,28 millivolts
of pulse height, As a result, when using these two diseriminators at
threshold levels which are below 250 millivolts, the bias linearity curve

will be required in setting the bias control to give the proper threshold,




Variations in Component Values of Certain Resistances, It may be

seen from Table 1 that the triggering point is reasonsbly sensitive to
changes in the component values of certain resistances, All resistances,
in the integral discriminator units of the two discriminators developed, -
are high quality components in order to reducé noise effects, Where high
stability in component value is not of utmost importance, stabilized carbon
resistors are used, Where high stability is necessary, such as in the
cathode load and bias chain resistors,wire wound resistors are used, TFor
best results, the bias chain should be constructed from resistors made from
the same materials having relatively large wattage ratings, and having the
same rated wattage per olm of resistance, By using a fan to maintain a
fairly constant ambient temperature, the flucfﬁations in the triggering
point due to variations in the component values of the resistances in the
circuit, should be within the 1 millivolt range.

If it be necessary to work at threshold levels of 1 millivolt or leés,
the stability of the discriminator must be improved, Under such a circum-
stance, the maximum fluctuation in the threshold, due to any one resistance,
should be limited to 0,1 millivolts or less, This may introduce more severe
restrictions on the type of resistors used. Table 2 contains the following
results for certain resistors: +the theoretically calculated étability
necessary in order to-reduce the fluctuations in the #riggering point to
less than C.1 miliivolts; the experimentally determined stability required
to reduce fluctuations to less than 0,1 millivolts; and the type‘of
resistor required in order to obbain this stability. It will be assumed, that

in portions of the circuitry not drawing an appreciable current, the temperge




ture fluctuations to be considered will be about 5 centigrade degrees,

Where an appreciable current is drawn it will be assumed that tempera-

ture fluctuations of 20 centigrade degrees must be considered,

Component, Theoretically Reguired Experimentally Required Component Type

Stability, in Percent Stability, in Percent Necessary
Ty 562 X 1072 1,3 x 1072 Manganin wire=

1 wound
T, 6od x 107% not measurable Deposited carbon

1

-3 w2 .
r 1.2 x 10 1,8x 10 Manganin wire=
o wound
r, , 2.2 X lO"'2 not measursgble Deposited carbon
2
=3 =2 .
T, 3.6 x 10 3.3 x 10 Evanohnm wire-

3 wound.,

r, — 3,3 x 107+ Evanohn wire-

3 wound
Resistance Manganin wire-
between the wound,
taps of the A -5
bias chain 2,0 x 10 e

TABLE 2 = Stabilities and Component Types Necessary for
a 001 Millivolt Stability In The Threshold,

SENSITIVITY,STABILITY AND SHARPNESS OF TRIGGERING

OF THE INTEGRAL DISCRIMINATOR,

Figure 16 shows that the circuit moves from a state of not triggering
to one of triggering on every pulse, with a change in pulse height of very
nearly 1 millivolt, This is a decided improvement over existing discrimi-

nators, and is adequately good for low=level operation,



The integral discriminator will operate down to 2 millivolts with

a long term stability of < 1,2 willivolts and a short term stability of
<:O,5 millivolts, This limit of 2 millivelts is imposed by the long and
short term instabilities in the circuit., Since the circuit will trigger
on pulses having g magnitude of < 0,5 millivolts, it may be possible to
reduce the 2 millivolt limit to about 0,5 millivolts, by improving the
stability, The two most important factors to be considered in improving
the stability, are the heater voltage variations and the resistor stabi-
lities,

The Sorensen A,Csline regulator, used with this discriminator, is
not regulating as well as the specifications given in its manual, If the
Sorensen were regulating properly, the heater voltage variations should not
be an important problem. If the resistances, which have an apprecisble
effect upon the triggering point, were of the types as listed in Table 2,
variations in the component values of resistances should not be an
important factor in determining the stability of the discriminator, Thén,
the only appreciable variations in the briggering point should be due to
variations in the vacuum~tube characteristics, The resultant stability
should be very good, possibiy-< 0,1 millivolts, sc that operation dowm to

0,5 millivolts would be possible,

RESULTS AND DIFFICULTIES ASSOCIATED WITH THE DIFFERENTTAL DISCRIMINATOR.

The desiguning of a low=level differential discriminator, making use
of the Gatti system for determining the window width, would seem to involve

a fairly straight forward procedure, once the low-level integral discrimi-



nator was operating properly. However, a number of difficulties arose,

The shaping of pulses was accomplished by means of a cathode follower
driving a shorted delay line, This produced reasonably clean rectangular
pulses, These pulses show the droop due to the finite decay time-constant
of the input step wave. It was found rather difficult to terminate the
delay line properly., As a result, small pips appeared beyond the rectan—
gular pulses, due to reflections at the ends of the delay line, The heights
of these pips were proportional to the heights of the rectangular pulses,
and since they were much smaller in magnitude, did not interfere with the
operation of the discriminator,

The two major difficulties encountered were instability and window
width variations, It seems probable that the instability can be reduced
to a reasonable level, but the variation of the window width with the

threshold setting may be very difficult to overcone,

VARTATTON OF THE WINDOW WIDTH WITH THE THRESHOLD SETTING,

It may be seen from Figure 14 that the window width varies linearly
with the threshold setting, that is, the bias control setting, It was
expected that the window width would be constant in magnitude with variations
in the bias control setting, except for variations in the window width due
to the droop of the flat-topped pulse, Since this is not the case, it is
necessary to change both the setting of the threshold control and the
height of the window pulse, when a different threshold is required, This is
not desirable, since it complicates the operation of the discriminator,

The change in the window width with a change in the input pulse height,




seems to be due to the motion of the common~cathode of the trigger tubes.

When the height of the main pulse arriving at the grid is insufficient to
cause triggering, the voltage of the common cathode drops rapidly and
then rises relatively slowly. The magnitude of the drop in the cathode
voltage, the subsequent rate of rise, and the level to which it rises,
depend upon the threshold setting and the height of the main pulse, It
was expected that by delaying the arrival of the window pulse by 1.5
micro-seconds after the arrival of the leading edge of the main pulse, the
ca’chode‘ voltage would have enough time to return to a level such that the
window width would be a constant for all threshold settings, Obviously,

- this is not the case, |

It is possible that the window width may be made very nearly constant
by making use of very long rectangular pulses and delaying the arrival of
‘the window pulse to a much later time, However, the shaping and delaying
of these pulses would require the use of very long delay lines, This would
increase the instability due to radiation pick-up, The droop on the
rectangular pulse would become an important problem, possibly requiring
the use of a different method for shaping the pulses,

Another possible method for correcting variations in the window width
due to the droop on the rectangular pulse and the variations in the thresh—
0ld setting, involves the adding of two pulses onto the main pv.ls‘e0
Previously, it was necessary that the main pulse droop somewhat, in order
that if triggering were 10 occur due to it alone, this triggering would

occur near the leading lead of the main pulse,  Otherwise, a slight ripple
on the main pulse might cause triggering at any point along this pulse. The

alternative procedure requires that the flat-topped pulse have no droop, -



This may be accomplished by connecting a parallel combination of a small

resistor and a capacitor, having the same time constant as the input step-
wave, in series with the cathode load of the pulse shaper, Now, if the
threshold is set so that the main pulse is too small, by a reasonably
large margin, to cause triggering, the main pulse should not affect the
window width appreciably, Two rectangular pulses, of short duration,are
then added onto the main pulse, The smaller pulse is added nhear the
leading edge of the main pulse, and the larger pulse is added at some
later time, possibly of the order of one micro-second after the addition
of the smaller pulse, This smaller added pulse should not affect the
threshold as seen by the larger added pulse, The sum of the main pulse
and the smaller added pulse would determine the height of the input pulse
and the difference in heights of the two added pulses would determine the
window‘width. This method seems more feasible than the one suggested

previously.

Sensitivity and Stability of the Differential Discriminator. The

sensitivity of the discriminator is adequate, since the two integral dis-
criminators involved will trigger on pulses of < 1 millivolt, waever,
the discriminator, at the present, is so unstable at low levels that oscil-
lation occurs unless the threshold is set above approximately 20 millivolts,
This minimum threshold of 20 millivolts is not adequate for low-level
operation°

A% thfesholds greater than 50 millivolts, the long term stability

was found to be better than 7 millivolts and the short term stability



better than 2 millivolts., This is not acceptable, This instability seems

to be due to radiation and capacitive pick=up, and to the method employed
for adding the window pulse on to the main pulse.

Radiation and capacitive pick-up can be reduced to an acceptable
level by proper shielding of certain components, The two trigger circuits
should be completely shielded from each other o reduce caiaacitive feed,
Most of the radiation pick-up is probably due to the use of long delay lines,
This pick-up can be minimized by encasing the delay lines in grounded copper
tubing, or by putting the coiled delay lines in a grounded metal box,

The more serious problem is the adding of the window pulse, - Three
methods were tried, and none of them was. particularly successful., The
first method tried was the introducing of the window pulse onto the main
pulse at the shorted end of the delay line in the pulse shaper, by means of
a White cathode follower, The delay line was shorted through the low output
impedance of the White cathode follower, and the window pulse was added by
applying it to the grid of this cathode follower., This method would have |
been acceptable except that the window discriminator triggered several
times for each input pulse, This is not satisfactory,

The second method tried was the introducing of a negative window pulse
onto the grid of the conducting trigger tube, by means of a White cathode
follower and the delay line then used for de’cerminingl the pulse length of
the output from the trigger circuit, This method was not successful, and
the delay lines had to be removed subsequently, since difficulty in properly
terminating them caused reflections which induced oscillation,

The final method tried used a pulse transformer to apply the window



pulse to the grid of the first trigger tube, This arrangement is shown

in Figure 8, The transformer adds the window pulse to the main pulse with
very little distortion, but results in large extraneous signals being applied
to the grid, These extraneous signals frequently cause the circuit to
trigger, resulting in instability. However, it should be possible to find
a method of introducing the window pulse such that instability does not

~result,



CHAPTER VI,

CANCLUSICNS

The operating characteristics of the integral and differential
discriminators just developed, on the basis of the material submitted

in this thesis, may be summarized as follows:

Integral Discriminator. The integral discriminator developed meets

the requirements of a precision, low-level discriminator for use with or
without preliminary amplification., It may be used directly from the
output of a scintillation counter,

The discriminator has a sensitivity of better than 1 millivolt,
although operation should be restricted to thresholds which are > 2 milli-
volts, because of the instability present for smaller threshold settings.
The discriminator has a sharpness of triggering which is slightly greater
than 1 millivolt, that is, the discriminator will move from a state of not
triggering to one of triggering on every input pulse with a change in the
threshold of slightly greater than 1 millivolt, The discriminator has
short-and long=-term stabilities which are better than 0.5 millivolts and
1.2 millivolts respectively.

Without modification, this circuit seems to be somewhat superior to
that developed by Kandiah., It is possible, however, that by réplacing
certain resistors with more stable ones, and by replacing the Sorensen line
regulator with one which is operating properly, discrimination down to

about 0,5 millivolts with a stability of about 0,1 millivolts msy be achieved,




Differential Discriminator., The differential discriminator just
developed, in its present state of development, does not meet the require-
ments of a precision, low-level discriminator, The instability present
limits operation to thresholds greater than 20 millivolts. The discrimi-
nator has short -~ and long- term stabilities of approximately 2 millivolts
and 7 millivolts respectively, However, a more serious fault is the
variation of the window width with a variation of the threshold setting,

It is probable that by methods discussed in the previous chapter,
the stability may be improved to such a degree that operation at thresh-
olds as low as 1 or 2 millivolts, with a threshold stability of better than
0.5 millivolts, may be achieved, It is also possible that constancy of
window width may be achieved, so that operation with window widths having
a stability of better than 1%, and as narrow as 1 millivolt, may be

possible,
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