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T FOR MEASURING '.'HE LOGARITHM OF NEOTRON LEVEL .-

*. H. Jordan, H. B„ Frey, George Kelly

High level safety circuits provid* very effe; Lao

ing at a level near the trip levelo On the other hand, xh

lag in the operation of these circuits which *JJ o» the.

icgerously high power if the period of the pile i

' level is reached. Such a situation ia most likely to <

pile that, has a large amount of excess re

is designed to a the pile period at

power up. to full power; it provides signal* which car. be

i actuate shim and safety rods in such a manner that dangerously short

- never reachedo

The principle of operation of the in. so best be seen

ng to Figure 1.



An ionization chamber I is inserted into the pile so that a current, ;t is

- d proportional to the neutron flux., This current flor.s through a diode

+he property of producing a voltage proportional to log i. This

-is amplified and connected to an R C differentiating circi it

a current meter, Uu

The voltage at point A can he expressed by the relati

V= A Xn kn*

>e t —0 the neutron flux starts increasing exponentially n

Lod Tf then

n-n,,

t

v-*0 + \%

The current flowing in the meter is given by

l»CgT-l2.
1.

the transient term

T

If we ••• AC «•= 1, then the current through tl

ocal of the • sale can be calibrated to

of the pile directly. In istruraent here describe



1 to 3xl0'4 so that a current of KK> fi amps will be obtained for a 3 second

period. For C= 30 uf, A"10. Substituting this value of AInto equation (
<rin<< that £n I0^2„30, one sees that a change in neutron level of

• or of ten corresponds to a voltage change of 23 volts.

Eff - Transients

from eouation 3 it ia seen that the meter approaches the correct

I;me constant EC, so that it would appear e I le to make R,

as small a, this. On the other hand too small a value of

ts of sudden changes of the voltage at point A, due to

line fluctuations, or pile transients are reduced by making R

uLCie a sudden jump in neutron level from n0 to n, This ill I use a

voltage ehang* Z\V, where

Av - a log |-
o

The instantaneous current through the meter will then be

H p. R K

.g A C - 1, we hav*

o

i. as ~- log S- *H EC ^ n0

rSe, we can make the current (reciprocal period)

red, As a reasonable compromise, «

Ls power by a factor of e would be re •pro

vnt equal to that produced ty a 1 second period,, If



a transient jump in neutron level of 10 percent could be tolerated before a

1 se ;ond period would be indicated,:

Clod* Character!sties

The accuracy of the instrument depends on choosing a diode that

hae a logarithmic characteristic of over the range of currents to be encountered •

oaximum current eonslstent with long ionization chamber life is about 10"^

ampereso Noise and speed of response sets the minimum current at 10"3 Jor 10~J

•i« Several diodes have been investiaged and reported on previously,.

(CRKIi-51 aoi CNL-35). The 9004 appears to be the most satisfactory. A graph

of retarding voltage across the diode versus the logarithm of the current

through the diode is shown in Figaros 2a and 2b„ It will be noted that de

partures from a straight line, over the previously mentioned range, are very

small, (Curves for the region between 10"' and 10"10 amperes are not shown

39 the points fall perfectly on a straight line.) On the other hand the

retarding voltage for a given diode current is quite sensitive to heater current,

so that some means of regulating this current must be provided. In the present

model this is taken care of by the use of a constant voltage (Sola) transfer

.applying heater voltage This is rectified in a full wave seleniUE rectifier

tt and filtered with a condenser and resistor., The use of direct current

h the heater is necessary to prevent hum pick-up and emission of electrons

m heater to plate d the negative half cycle., The voltage across the

5 volts.
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A schematic diagram of the circuit is shown in Figure 3» The

doC amplifier employs an electrometer tube as the input stare, a pentode

high gain voltage amplifier, and a cathode follower output stag*0 Degenerative

feedback between the Cathodes of the last and first stage la used to keep the

gain constant and improve the linearity. Log n can be read on Sfe or on a 10

millivolt recorder connected to J^„ The voltage between cathode of Vj^ and

ground varies from 35 to 173 volts as the input current is changed from 10*

to 10 ampere* Calibration of the instrument at these two points is '.becked

by disconnecting the chamber and connecting the a;to of switch S^ to Rj, or R2.

Two derivative circuits are included. The first is for indicating

periods from about 50 seconds to 3 seconds, the shorter period producing a

full scale deflection of a 100 n amp meter 11^ or recorder connected to Jp

This circuit has a 1 second time of response (RitCjl - 1). The second derivative

circuit has a 0*1 second response tine and produces a current of 100 ju amps

with a 0.3 second period,, Although provicion for operating an external meter

or recorder haB been made; the second derivative circuit was intended primarily

for "scramming*1 the pile when the period becomes shorter than one second* A

1 second period will produce a signal of one volt at J., in addition to the 0*9

volts of Mas already present. The high level safety circuit will be connected

to J-» so that the safety rods will be tripped by short positive periods.

Biased diodes, V5 and V^, are connected across eaci ve

circuit to protect the meters against large transients such as thos* .r.ed

by .on or off the equipments



115 V
AC

>\>—tf\j^
T600V r T4

'• ^ XiookT
450V ^R29 <

5Y3

6AC7

r
I "S

0001

10 K

'30

5K >I80K

'33 R?7

8 K

28!s

Dr 5600

FIG 3

PILE PERIOD METER

o



Omfom

Adjustment of Controls

If the log n meter l^ is to be relied upon, it will probably be

necessary occasionally to correct for slow drifts in reading. This is done by

disconnecting the chamber and throwing switch Sj to the low position0 With the

input terminal grounded, adjust the "zero set" potentiometer, R^, uatil 1*2

indicates zero current, (if the meter is calibrated to read log n, tt should

read 10"*^ at this time.) Then remove the ground from the input terminal i

set the "bias* potentiometer, R^, \mtil the meter again reads zero current.

The gain of the amplifier can now be checked by throwing S± to the high position

and adjusting the "slope" potentiometer, Rl6, until It, reads full scale (200^1

amps)„ If any adjustment is required, Sj should be returned to the "tow"

position and setting of Rn should be reeheaked. The setting of the bias

potentiometer should not be changedo

The bias potentiometer is provided so that the potential of

the collecting electrode and chamber leads will be near ground when the currents

are small, thus minimizing the effect of any insulator conductance.,

Raneo

The instrument is designed to indicate the logarithm of the

current from 10"10 to 10""* amperes'. There are many factors that li

"ul range to this region. The high current end is limited by the diode

capabilities and the maximum current that the ion chamber can produce consistent

with reasonable life.



The low current end is not strictly a meter limitation (the diode

is still logarithmic at 10"U amps) but involves the ion chamber and its ieadSo

First of all it was necessary to develop achamber that would produce acurrent

proportional to neutron/flux over alarge range of flux level.

difficulty here la that after the chamber has been exposed to an intense neutron

flux it becomes radioactive. If, then the neutron intensity is reducer below

a certain level, the ionization in the chamber will be chiefly that ,Its

own radioactivity. By using materials with low activation cross se ,such

as lead and graphite, a chamber has been roads with arange of well over a

million1'2'3c

The measurement of currents down to 10~10 amperes require;

leakage re ces be kept higher than 10 ohms.

»o trouble from leaka-je has been experienced at Kf"

but such trou Urn becomes increasingly difficult to prevent and the instrument

becomes less dependable as the current is redusedo

Finally, there is a limitation in the noise from the chamber,,
10 7The chamber is sensitive to neutrons because particles from the B (n,

reaction ionize the gas. Since each particle produces some 70,

the current comes in bursts. When the current is small, the si al

fl ons in the current cause the period meter to fluctuate. MacH
•

has shown that with a meter bandsi th of 1 cycle, a current of 10

_—, * 1 ———«

F. C. Armistead, ion P-203,

I. Stead, Bon P-316.

li. MaeKei.Ua - to be publish
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would be noisy to the point of causing the period meter to kick up to periods

readings of 10 sec This meana that in order to measure long periods with snail

currents, the bandwidth must be narrowed. The diode circuit automatically

provides this feature because the resistance of a diode is approximately C«.3/i,

This resistance and the fixed chamber capacity effectively limit the bsiKi'

For C=300 yfluf and i=10**n amp, At- ~~~j: = ^ cycle* Mi band
width 100 sec, periods could be observed, although the response time would be

somewhat slow.

Performance

The overall response of the log n meter has bean checked by

flying known cxirrents to the input of the instrument and observing the

reading of the log n meter, &,* A typical calibration curve is shown is

Figure A. The points depart from a straight line at high levels chiefly because

of the method of obtaining bias for the diode0 At high levels the chamber

current flowing through resistors Rg and Rq produces enough voltage drop to

affect the output voltage considerablyc This could be avoided by returning

-the chamber power supply to the cathode of *•. instead of ground, or by us

a lower impedance bias supply,

The instrument has been operated continuously with ile

for over a month without failure. Recordings of the log n and d log a/dt have

been made by connecting Brown recorders to the meter. Figure ng

recorder chart connected to read log n. At tims t = 0 the pile wa-

L«y is shown for some 12 minutes« At t,:

ods were pulled out, one by one, each causing a
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1

As the last safety rod was pulled, the pile went over critical and on^ can see

harp transient rise followed by an exponential rise until the safety circuits

were trippede

At the same time that log n \was being recorded the period was

also recorded and a tracing shown in Figure 6. The zero was set at y d^V

so that both positive and negative periods could be observe *ase

in noise as the current decreases is very apparent on this traci:

After about 5 minutes the short period delayed neutrons have

disappeared and the pile decays with the 80 s* *ysd neutron per

provides a good check on the instrument0 It can be seen that the log n trac.i

traight aft-r about 5 minutes; the measured slope indicat' of

79 sec, on the first shut down and a period of 63 sec on the second shut dowaw

period meter reads approximately 3-C divisions en the chart, or 79 sec

on each shut down.

ffrscautions, to. be Observed in,Jlsing Instruannt

It has been observed that a large surge of slectrometei t

.Trent results in a change in its characteristics followed by a slow

y. Such a current surge is produced, for ex&mple, when the ionization

collecting voltage is suddenly applied,, It is, therefore, n aded

1 be thrown to the high position and the power to the instrument turned

"ore making ary el "t may produce current surges. In t

1 be turned around so that the switch arm i?; connected to the diode and

switch point connected to ground, »'ith the electro 1

sage from current surges should be possibles
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