
DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



( 

DISTRIBUTIOH 

This r epo r t has been dis t r ibuted according to the ca tegory " P h y s i c s amd 

Mathemat ics" as given in "Standard Distr ibut ion L i s t s for Unclassified Scientific 

and Technical Repo r t s " TID-4500 (14th E d . ) , October 1, 1958. A total of 650 

copies was pr in ted . 

il 



CONTENTS 

Page 

Abst rac t v 

I. Introduction 1 

A. Exper imenta l Approach 1 

B . Two Methods 1 

C. Small Signal Theory 1 

II. Oscillation Measurements of the SRE 5 

A. The Oscil lator 5 

B . Exper imenta l Restxlts 5 

III. Reactor Noise Theory 7 

A. Random P r o c e s s e s 7 

B . White Noise 7 

C. Exper imenta l Approach 7 

IV. KEWB Noise Exper iment 13 

A. Specific Equipment 13 

B . Calibration of Equipment 15 

C. Exper imenta l Resul ts 17 

V. SRE Noise Exper iment 20 

A. P rob l ems and Expected Resul t s as Compared to the KEWB . , 20 

B . Exper imenta l Resul t s 20 

VI. Conclusion 24 

A, Comparison of the Two Techniques 24 

B , Calibrat ion Requi rements 24 

C, i / ^ F r o m Superposition 25 

D, Suggested Improvements 25 

E , Future Effort 25 

References 27 

TABLE 

I. KEWB and SRE Compar isons 2 3 

i i i 



' A / 
FIGURES 

Page 

1. SRE Zero Power Transfer Function 1 

2 . Disassembled View of the Oscil lator Rotor and Stator . . . . . 6 

3. Bas ic Power Spectral Density Measurement System 8 

4 . Schematic of Noise Measuring Circui t 10 

5. Typical Measured Reactor Power Spectral Density (cor rec ted 

for sys tem noise) 12 

6. Measured Reactor Power Spectral Density of the KEWB Mxiltiplied 

by Frequency (December 4, 1958) 14 

7. Measured Gamma Power Spectral Density Mixltiplied by 

Frequency 16 

8. Modulus of the KEWB Reactor Frequency Response (from curve 3 

Figure 6) 18 

9. Measured and Theoret ica l Frequency Response Amplitude 

Curves for the KEWB 19 

10. Measured Reactor Power Spectral Density of the SRE Multiplied 

by Frequency (March 5, 1959) 21 
11. Measured and Theoret ical SRE Frequency Response Amplitude 

Curves 22 

iv 



ABSTRACT 

The prompt neutron l ifet ime of the SRE was measu red by both the oscil lat ion 

and random noise techniques . Measurement by use of the osci l lat ion technique 
-4 gave a prompt neutron lifetime of (5.25 ± 0.35) x 10 sec for a c a l c u l a t e d ^ 

- 3 '• 
of 7 X 10 . The measu red noise response indicated a l ifetime of (5.25 ± 0.7) x 

-4 
10 s e c . Both measu red values a r e in agreement with the calculated value of 

-4 5 X 10 s e c . 

Four exper iments utilizing the noise analysis technique were performed to 

de te rmine the prompt neutron lifetime of the KEWB. All four exper iments gave 
-3 r e s u l t s which agreed within 3%. For an es t imated ^ of 8 x 10 , the measured 

value obtained was (7.8 ± 0.3) x 10 s ec . This is in reasonable ag reement with 
-5 

both the energy independent calculated value of 6.6 x 10 sec and the value of 
-5 6,2 x 10 sec obtained f rom the exper imenta l inhour equation. 

The oscil lat ion technique has been foxmd to be be t te r suited for l ifetime 

determinat ions in r e a c t o r s where the prompt neutron b r e a k frequency is l e s s than 

5 c p s . Reac tor noise analys is is m o r e suitable for r e a c t o r s which have p rompt 

neutron l ifet ime b r e a k frequencies above 20 c p s . 
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I. INTRODUCTION 

A. EXPERIMENTAL APPROACH 

The quantity, i / P , which i s the ra t io of the p rompt neutron lifetime to the 

effective fraction of delayed neut rons , ^ , i s uniquely de termined by the m e a s u r e d 

b r e a k frequency of the modulus of the r eac to r t r ans fe r function. The exper imenta l 

measu remen t of i / ^ s e rves to make poss ib le the predic t ions of the high frequency 

or shor t per iod r e sponses of a r eac to r and to co r robora te or d isprove theore t ica l 

ca lcula t ions . Beta effective is r ep resen ted by R throughout this r e p o r t . 

B . TWO METHODS 

Several exper imenta l methods of measur ing that port ion of the trsmsfer 

function which de te rmines ijQ have been used at var ious r eac to r ins ta l la t ions . 

One method is to de l ibera te ly introduce a sinusoidal change of reac t iv i ty in the 

r eac to r and m e a s u r e the amplitude and phase of the frequency r e s p o n s e . This 

i s called the osci l lat ion technique. A second method is to m e a s u r e the power 

spec t ra l densi ty of the inherent random fluctuations of the r e a c t o r neutron 

densi ty , A third obtains the power spec t ra l densi ty f rom the Fou r i e r transforixi 
2 of the auto-cor re la t ion function of these same random fluctuations. The l a s t 

two methods a r e r e f e r r e d to as random noise techniques . The osci l lat ion tech

nique and d i rec t power spec t ra l densi ty m e a s u r e m e n t a r e analyzed in this r e p o r t . 

Both techniques were used successfully on the SRE. The noise analys is was 

used successfully on the KEWB and an oscil lat ion exper iment is scheduled, 

C. SMALL SIGNAL THEORY 

The concept of measur ing the prompt neutron l ifet ime of a nuclear r e a c t o r 

by deterinining i ts frequency response is based upon the assumiption that, for a 

specific r e ac to r , the p rompt neutron b r e a k frequency a) , which is equal to i / ^ , 

is sufficiently g rea t e r than the b r e a k frequencies of the delayed neutrons that 

the effect of the delayed neutrons on the high frequency port ion of the plotted 

frequency response curves of the r eac to r is negligible. The bas ic pr inciple of 

1 
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applying smal l signal theory to der ive the l inear ized t rans fe r fiinction of a nuclear 
3 

r eac to r i s well covered in the l i t e r a t u r e . The resu l t an t normal ized t rans fe r 

function as converted for frequency response is given by 

SN^(JU;) 
--

8/Q(Jcu) 

J ou 
/? 

1 + 
/9,/-9 

ti P'" ' 'i' 

. . (1 ) 

w h e r e 

N = a v e r a g e n e u t r o n flux o r p o w e r l e v e l 

g N = smiall change in flux l e v e l about the a v e r a g e 

S/> = s m a l l c h a n g e in r e a c t i v i t y input to the r e a c t o r 

i = p r o m p t n e u t r o n l i f e t i m e for a f in i te r e a c t o r 

j - ^ 

0) = frequency in r a d / s e c 

X . = decay constant for delayed neutrons in the i ' th group 

P . = effective fraction of delayed neutrons in the i ' th group. 

F igure 1 is a plot of equation (1). If, in equation (1) the prompt neutron b r e a k 

frequency, OJp , which is equal to ^ / i , can be assumed l a rge compared to all 

X ., then in the region of this frequency equation (1) becomes 

. .(2) 

IB ^ 
and it is seen that the b r e a k frequency is de termined by i / ^ . 

In a l a rge graphite r eac to r , the assumption that the prompt neutron b r e a k 

frequency, 0) , is very much l a r g e r than any of the X.,s which es tabl ish the b r e a k 

frequencies of the delayed neutron groups, may not be val id. If the measured 

value of 11 IB for the SRE of 0.075 sec is used to obtain UJ ^ .^li and this value 
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Figure 1. SRE Zero Power Transfer Ftxnction 



inser ted in equation (1) along with Keepin and Wimmet t ' s delayed neutron con

s tants , the use of equation (2) r e su l t s in a value for i//S which would be approxi

mately 2% too l a r g e . This e r r o r , however, is of the o rde r of magnitude of the 

accuracy of the equipment used . For this reason , and since e r r o r contributions 

a r e made by other fac tors , such as the effects of an unknown quantity of photo 

neutrons assumed p re sen t due to the y ,n react ion of bery l l ium elements in the 

co re , no at tempt has been made to introduce cor rec t ion f ac to r s . If, however, 

the measured value of 0.0097 sec for i/^Q of the KEWB is used as before in 

equation (1), then the use of equation (2) rest i l ts in no appreciable e r r o r . 

4 
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11. OSCILLATION MEASUREMENTS OF THE SRE 

A. THE OSCILLATOR 

The bes t known method of obtaining the frequency response of a nuclear 

r eac to r is by use of the osci l lat ion technique. In this method a device is used to 

cause a sinusoidal change in react iv i ty in the r e a c t o r . The amplitude and phase 

shift of response in power to this change is then m e a s u r e d . 

The r eac to r osci l la tor ro to r , measur ing equipment, and procedure which 

were used on the SRE to cause the sinusoidal change in react iv i ty have been 

thoroughly covered in another r epor t , and a r e , therefore , only briefly descr ibed 

h e r e . The SRE reac to r osci l la tor i s a r o t a r y mechanism which consis ts of a 

ro tor and s tator each of which has squares of poison which shadow each other 

during rotat ion in such a manner as to c rea t e four cycles of sinusoidal reac t iv i ty 

change per revolution of the ro to r . The d i sassembled osci l la tor is shown in 

F igure 2. 

B . EXPERIMENTAL RESULTS 

The response of the SRE to both oscil lat ion and noise m e a s u r e m e n t is shown 

in F igure 1 along with calculated theore t ica l curves for severa l values of i / ^ . 

The dependability of the measu remen t , as per formed by osci l lat ion, is indicated 

by the manner in which both the amplitude and phase curves tend to follow 

i / /S = 0.075 from 0.1 to 1.0 c p s . The deviation in the phase curve , before any 

attenuation in amplitude is noticed, is a r e su l t of induced tors ional s t ra in in 

the long ro tor at the higher f requencies . 

5 
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III. REACTOR NOISE THEORY 

A. RANDOM PROCESSES 

Reactor noise analysis is a comparat ively new field when compared to 

reac to r oscil lat ion or period m e a s u r e m e n t s . In recen t years ,us ing random 

var iab les to control or desc r ibe physical sys tems or phenomena has become 

an exact sc ience . 

The random var iable of in te res t may be an external ly applied d is turbance 

or an inherent internal fluctuation of the sys t em. In a r eac to r it is the l a t t e r . 

The var iable mus t be descr ibable in the language of probabi l i ty theory to be 

useful . A famil iar use of a descr ibable random function in nuclear r e a c t o r s i s 

the approximately "norma l dis t r ibut ion" of neutron propagation through a medium. 

The fact that the dis tr ibut ion is approximately " n o r m a l " makes poss ible the 

"Monte Car lo" codes . 

The spontaneous emiss ion of e lec t rons f rom a thermionic cathode surface , 

or the spontaneous decay of a radioact ive substance is descr ibed as having 

" P o i s s o n dis t r ibut ion." In a nuclear r e ac to r , the assumption is made that the 

spontaneous crea t ion of neutrons through fission has the same distr ibut ion as 

radioact ive decay. Subsequent exper imental resi j l ts justify this assumpt ion. 

B . WHITE NOISE 

The power spec t ra l density of a random var iable having a " P o i s s o n distr ibution 

is very unique in that, where all other power spec t ra l dens i t ies a re a function of 

frequency, this one is equal to a constant . This is to say that the power output 

in each unit band width of the spec t rum would be equal to a constant . A random 

p r o c e s s having a constant power spec t ra l density is r e f e r r ed to as a "white n o i s e . " 

A complete derivat ion of the concept m a y b e found in section 3.7 of re fe rence 2 . 

C. EXPERIMENTAL APPROACH 

It is now readi ly apparent that, if a sys tem or plant is excited by a white 

noise , ei ther external ly applied or inherent , it is only n e c e s s a r y to analyze the 

output of the plant over the range of f requencies of in te res t in o rde r to desc r ibe 

the plant frequency response since the input is known to have constant amplitude 

for all f requencies . The bas ic exper imenta l sys tem for such an analysis i s 

7 



i l lus t ra ted in F igure 3. In this sys tem it is assumed that the band pas s fi l ter and 

squaring device introduce no extraneous noises and have perfect frequency r e 

sponse. Each frequency of input has constant power amplitude since the input 

power spec t ra l density G (w) is equal to a constant . The amplitude is attenuated 

by the plant t ransfer fxinction, Y(jaj), to give the output power spec t ra l densi ty, 

G (oj). The band pas s filter p e r m i t s analysis of a pa r t i cu la r frequency band, 

and the squaring device conver ts the signal to units of power . It has been 
2 

proven that when a white noise is passed through a l inear sys tem or plant, the 

output is still a white noise which is attenuated only by the sys tem or plant 

c h a r a c t e r i s t i c s . Thus, the output of the squaring device of F igure 3 is a white 

noise equal to a constant multiplied by the modulus of the r eac to r t r ans fe r fxxnc-

tion squared. The sys tem equation is 

G (w) = G (tu) yy * ' x x ' " " Y(ja)) = K Y(jaj) . (3) 

G (w ). 
XX 

PLANT 
Y (Jw ) 

BAND PASS 
FILTER 

SQUARING 
AND 

AVERAGING 
DEVICE 

^ G ^ ^ ( c u ) 

G (w) = INPUT POWER SPECTRAL DENSITY = CONSTANT 

G (uj ) = OUTPUT POWER SPECTRAL DENSITY = G ( w) 
XX XX 

Y(Ja>) = PLANT TRANSFER FUNCTION 

Y (joj) 

F igure 3. Basic Power Spectral Density Measurement System 

C. E . Cohn and M. N. Moore demonst ra ted the feasibil i ty of using the 

inherent reac to r noise to m.easure the high frequency port ion of the power spec t ra l 

densi ty of a r e a c t o r . The creat ion of neutrons in a r eac to r produces " r eac to r 

no ise" due to the randona p r o c e s s of f iss ion. This noise is assumed as near ly 

a t rue "white n o i s e . " Since the power spec t ra l densi ty of white noise is a con

stant, the measu red power spec t ra l densi ty of the r eac to r response to the genera 

ted noise is s imply the squared modulus of the r eac to r t ransfer function multiplied 

by a constant provided that the s ignal - to-noise ra t io is l a rge and that the f r e 

quency response of the measur ing c i r cu i t ry is per fec t . 



In d e t e r m i n i n g the p r o m p t n e u t r o n l i f e t i m e of the KEWB and S R E , a 

K r o h n - h i t e b a n d p a s s f i l t e r w a s u s e d wh ich had a f r e q u e n c y r a n g e f r o m 0,02 

to 2000 c p s . Add i t iona l e q u i p m e n t inc luded : an t m s h i e l d e d i o n i z a t i o n c h a m b e r ; 

an e l e c t r o m e t e r ; t h r e e o p e r a t i o n a l a m p l i f i e r s for a m p l i f i c a t i o n , b i a s , and i n t e 

g r a t i o n of the f inal s igna l ; a v a c u u m t h e r m o c o u p l e u s e d a s a s q u a r i n g d e v i c e ; 

an o s c i l l o s c o p e ; and a r e c o r d i n g o s c i l l o g r a p h . The s c h e m a t i c c i r c u i t i s shown 

in F i g u r e 4 . 

P h y s i c a l l y , m e a s u r i n g e q u i p m e n t d o e s not , a s a s s u m e d in equa t ion (3), h a v e 

p e r f e c t f r e q u e n c y r e s p o n s e . T h e r e f o r e , the g e n e r a l equa t ion m u s t i nc lude bo th 

the t r a n s f e r funct ion of the p l a n t ( h e r e a f t e r c a l l e d r e a c t o r ) and t h e m e a s u r i n g 

e q u i p m e n t . E q u a t i o n (4) i s the r e s u l t of t h i s i n c l u s i o n . 

G (aj)f = 
yy 

Yj(jCU) Y,(jw) ^G (aj)f + 
X X 

Y2(ja>) ^ G^^(aj)f , . . . (4) 

w h e r e 

Y,(jcjj) = t r a n s f e r funct ion of the r e a c t o r 

^pij^J^) - t r a n s f e r funct ion of the i on i za t ion c h a m b e r and i n s t r u m e n t a t i o n 

G (oj) = whi te n o i s e p o w e r s p e c t r a l d e n s i t y of input s i g n a l (a c o n s t a n t ) ; 

in a r e a c t o r i t i s the i n h e r e n t f l u c t u a t i o n s in n e u t r o n d e n s i t y . 

G (w) = a p p r o x i m a t e l y whi te n o i s e p o w e r s p e c t r a l d e n s i t y of the 

i o n i z a t i o n c h a m b e r and i n s t r u m e n t a t i o n n o i s e (a c o n s t a n t ) 

G {(Ji) - ou tput p o w e r s p e c t r a l d e n s i t y 

f = the m e a n f r e q u e n c y of the b a n d a t wh ich the m e a s u r e m e n t i s b e i n g 

m a d e ; f i s inc luded in equa t ion (4) b e c a u s e the c o m m e r i c a l b a n d 

p a s s f i l t e r u s e d h a s an a d j u s t a b l e p e r c e n t b a n d p a s s width r a t h e r 

than a c o n s t a n t band p a s s w id th . 

F r o m the e x p e r i m e n t a l l y d e t e r m i n e d p lo t of equa t ion (4), i t i s d e s i r e d to 

ob ta in the r e a c t o r t r a n s f e r funct ion Yj(j(A}). The p o w e r s p e c t r a l d e n s i t i e s a r e 

c o n s t a n t s d e t e r m i n e d b y the p lo t t ed c u r v e s . The on ly unknown, o t h e r t h a n 

Y-(jaj), i s Y_(jaj) wh ich i s t he t r a n s f e r funct ion of the e n t i r e c i r c u i t of F i g u r e 4 . 

9 
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|YT(JOJ)| may be obtained by placing a gamma source next to the ionization 

chanaber shown in F igure 4 and measur ing the response of the sy s t em. Since 

a gamma source genera tes a t rue white noise , equation (3) is a t rue r e p r e s e n t a 

tion of the sys tem, but must include the f of equation (4) if a constant percent 

band width is used . This cal ibrat ion is not always requi red , for, if the minimum 

b r e a k frequency of the measur ing equipment is knowrx to be beyond the maximum 

frequency of in te res t , the sys tem noise response m a y b e assumed to be a l inear 

function of frequency for a constant pe rcen t band p a s s . In actual measu remen t s 

on the KEWB and SRE it was shown that gamma cal ibrat ion was unnecessa ry . 

When the total response of equation (4) is divided by the sys tem response of 

equation (3) (with the frequency f included),the resu l tan t is an equation of the 

form 

G (aj) = A + B 
yy 

YMa))r , . . . (5) 

where Y,(ja;) is reduced to equation (2) which is the high frequency port ion of 

the r eac to r t ransfe r function. Thus, equation (5) becomes 

G (w) + A + 5 ^ . . . (6) 
^^ 1 + iui il0) 

Equation (6) i s sketched in F igure 5. In F igure 5, "A" r e p r e s e n t s the level of 

the ionization chamber and measur ing equipment no i se . The major port ion of 

"A" is generated in the ionization chamber and is a function of the r eac to r power 

leve l . " B " r e p r e s e n t s the level of r eac to r noise and is proport ional to the square 

root of the r eac to r power . 

5 
In some of Cohn's ea r ly work only the port ion to the r ight of the dotted 

ver t ica l l ine in F igure 5 was obtained in exper imental m e a s u r e m e n t . He t h e r e 

fore devised a computer code to de te rmine the bes t fitting curve to equation (6) 

by use of the mean-squa red e r r o r c r i t e r i a . 

If the flat portion (A + B) and the slope in the region of oJ = Bl^ have been 

I I 2 
Y, (j oj) j and 

compare this plotted curve to plots of calculated Y,(ja)) for severa l values of i / ^ . 

11 



When the horizontal port ion (A + B) of the exper imental curve is shifted 

ver t ica l ly to coincide with the horizontal port ion of the calculated cu rves , the 

bes t value of llR is obtained. This i s the m.ethod that was used on both the SRE 

and the KEWB. 

A + B 

Q 

>- _ j 

o 2 
< 

N l ^ ^ - S L O P E = - 4 0 DB/ DECADE 

1 1 __ .._ _ _ —1 

w(rad /sec) 

Figure 5. Typical Measured Reactor Power Spectral Density 
(correc ted for sys tem noise) 
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i¥. KEWB HOISE EXPERIMENT 

A. SPECIFIC EQUIPMENT 

Actual m e a s u r e m e n t s at the KEWB were conducted with severa l different 

types of equipment. F igure 6 is a plot of the response for three different con

ditions of m e a s u r e m e n t . These a r e plots of G (a>)f of equation (4), which 

includes ionization chamber and sys tem no ise . Each of the th ree runs was 

conducted twice, f i r s t with the band pas s fil ter set to pass a band width equal 

to 5% of the mean frequency sett ing, then repeated for a band pass fil ter setting 

of 10% band pas s width. No difference was noted as between 5% and 10% band 

width m e a s u r e m e n t s . The specific conditions for each exper iment were as 

follows: 

Curve 1 

-7 
a) A Keithley e l ec t romete r was set on the 3 x 10 ampere r ange . 

(All capac i tors were removed from the feedback c i r c u i t s . ) 

b) A lead-shielded, uncompensated ionization chamber was located in 

the graphite re f lec tor . 

c) 10% band width on band pass f i l te r . 

d) Reactor power level was 4 wat t s . 

Curve 2 

-9 
a) An E-H e lec t romete r was set on the 3 x 10 ampere r ange . 

b) An xinshielded, uncompensated ionization chamber was located next 

to the outer layer of the graphite re f lec to r . 

c) 10% band width. 

d) Reactor power level was 6 wa t t s . 

Curve 3 

-8 
a) A Keithley e lec t romete r was set on the 3 x 10 ampere r a n g e . 

(All feedback capaci tors removed) . 

1 
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b) An unshielded, uncompensated ionization chamber lay next to the outer 

layer of the graphite re f lec to r . 

c) 10% band width. 

d) Reactor power level was 7 wa t t s . 

A lead^shielded ionization chamber was used in the two exper iments which 

resul ted in curve 1. When this curve was co r rec t ed for sys tem noise and 

replotted in F igure 9, it was seen to have approximately a —30 db/decade slope 

r a the r than the —20 db/decade slope as requi red by the square root of equa

tion (7). The other four m e a s u r e m e n t s , which resu l ted in curves 2 and 3,were 

made with a b a r e unshielded ionization chamber and had the c o r r e c t s lope. All 

six m e a s u r e m e n t s , however, indicated the same b r e a k frequency for i / ^ . Ther 

i s , at p resen t , no explanation to account for the difference in the r e s p o n s e s , but 

lead-shie lded ionization chamber s a r e not recommended . 

Curves 2 and 3 res id t in the same t ransfe r function when their respec t ive 

ampli tudes a r e normal ized to coincide. 

B . CALIBRATION OF EQUIPMENT 

Two cal ibra t ions were made of the ins t rumentat ion sys tem frequency r e 

sponse, for two different cu r r en t range sett ings of the Keithley e l ec t rome te r , 

by using an i r id ium gamma source as a white noise gene ra to r . Both response 

curves a r e shown in F igure 7. 

The s t ra ight line approximation of the ca l ibra t ion with the l eas t sca t te r was 

extended to the indicated b r e a k frequency of the e l ec t romete r range used . This 

approximation was then used as the power spec t ra l densi ty response of the 

ins t rumenta t ion . This was a good approximation since frequencies over 100 cps 

were of no in t e re s t . 

Actually, the s t ra ight line approximation is good at any t ime that the 

measur ing c i rcu i t b r e a k frequency is at l eas t one decade be t te r than the b r e a k 

frequency " i / ^ " of the r e a c t o r . It can be seen that , if the amplitude of this line 
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is shifted to a point where it is equal to 1 at 1 cps , the t ransformat ion from 

equation (4) to equation (6) is equivalent to dividing points of the cu rves of 

F igure 6 by the frequency at that point. The r e su l t of operat ing upon the smoothed 

data of curve 3 to obtain equation (5) is plotted as the squared modulus of the 

t ransfer function in F igure 8. The square root of this curve is the high f r e 

quency port ion of the frequency response of the r eac to r and is shown as the upper 

curve of F igure 8. The lower curve would have resul ted in a curve such as is 

shown in F igure 5 if m e a s u r e m e n t of the frequency response had been continued 

to a high enough frequency. 

C. EXPERIMENTAL RESULTS 

The measu red frequency response of F igure 8 is compared in F igure 9 with 
- 3 -2 

two calculated curves for i / ^ equal to 5 x 10 and 10 s ec . The indicated 
i IjB for the unshielded ionization chamber r\ins is about 9.7 x 10 which, for 

-3 
an assumed ^ of 8 x 10 ^ gives a prompt neutron lifetime of (7.8 ± 0,3) x 

-5 10 s ec . This is in reasonable agreement with both the energy independent 
-5 -5 

calculated value of 6.6 x 10 sec and the value of 6.2 x 10 sec obtained from 

the exper imental inhour equation which holds for per iods down to 7 m s e c . Fo r 

shor ter pe r iods , no conventional inhour equation is consis tent with the per iod 
7 

da ta . This is at tr ibuted to neutrons being delayed by the graphite re f lec tor . 
Analysis has not been c a r r i e d to the point of ref inement requi red to obtain a 
suitable descr ipt ion of this effect. 
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TABLE I 

KEWB AND SRE COMPARISONS 

Reactor 

SRE 

KEWB 

P r o m p t Neutron Lifetime 
(sec) 

Exper imenta l 

Oscillation 

5.25 ± 0.35 X 10"^ 

« 

Noise 

5,25 ± 0.7 X 10"^ 

7.8 ± 0.3 X 10"^ 

Pe r iod 

-

6.2 X 10"^ 

Calculated 

5 X 10"^ 

6.6 X 10"^ 
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¥1. CONCLUSIONS 

A. COMPARISON OF THE TWO TECHNIQUES 

While experience in the use of ei ther osci l lat ion or noise techniques for the 

exper imental determinat ion of the p rompt neutron l ifet ime of a nuclear r eac to r 

is v e r y l imited, it is felt that the r e su l t s of the exper iments descr ibed by this 

r epor t justify cer ta in conclusions. The exper iments on the SRE indicate that 

both methods of measur ing the prompt neutron lifetime may be considered valid 

since both agreed to within 5% of each other and of the calculated l i fe t ime. Con

verse ly , increased confidence may be assumed in the method of theoret ica l 

calculat ion. 

The oscil lat ion technique is be t te r suited for low-frequency response 

measu remen t s since a d i sc re te frequency of known amplitude is avai lable . In 

noise m e a s u r e m e n t s , the low-frequency randomness is ve ry spasmodic and may 

make instantaneous changes of a factor of 10 or m o r e . Since a ve ry high gain 

is n e c e s s a r y in these measurexnents , such changes tend to overload the i n s t r u 

mentat ion. They also requ i re a long measur ing t ime to approximate the requi red 

white noise power spec t ra l densi ty . Thus , although noise m e a s u r e m e n t s may 

be made much more rapidly, it i s felt that osci l lat ion techniques should be used 

for r e a c t o r s which have a prompt neutron b r e a k frequency of 5 cps or l e s s and 

noise analysis for those having b r e a k frequencies g r ea t e r than 20 c p s . The 

re la t ive m e r i t of the two methods in the in termedia te zone is p r i m a r i l y dependent 

upon the physical installat ion and environment of the r eac to r being invest igated. 

As shown in F igure 1, the osci l la tor has the added advantage at low frequencies 

of affording a second check on the validity of the exper iment through a plot of i ts 

phase shift data , 

B . CALIBRATION REQUIREMENTS 

Insofar as instrumentat ion cal ibrat ion is concerned, it was shown that ca l i 

bra t ion was unnecessa ry if the frequency response of the measur ing c i r cu i t r y 

was known to be sa t is factory. 
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C. I / ^ FROM SUPERPOSITION 

The actual determinat ion of ll^ by ei ther method is bes t accomplished by 

comparing the measu red response of the r eac to r to previously calculated 

frequency response curves for severa l values of 11^ in the region of expectation. 

D . SUGGESTED IMPROVEMENTS 

It is recognized that there exists a considerable a r e a for improvement in 

the instrt imentation which was used for these noise exper imen t s . Among those 

to be considered a r e : diode l imiting to prevent burnout of the vacuum t h e r m o 

couple due to low frequency surge effects; improvements in methods of nullifying 

the effects of r eac to r drift while taking m e a s u r e m e n t s ; investigation of different 

squaring devices such as electronic mti l t ipl iers ; and investigation of commerc ia l 

equipment which use a constant two-cycle band pas s width in conjunction with 

a magnetic tape r e c o r d e r . 

A completely different method of ana lys is , which is under considerat ion, 

makes use of a magnetic tape to r ecord the r eac to r fission noise and a digital 

computer to analyze the tape in o rde r to de te rmine the au to-cor re la t ion function 

of the no i se . The power spec t ra l densi ty is then obtained from the a u t o - c o r r e l a 

tion function. 

E . FUTURE EFFORT 

There a r e severa l a r e a s in the random noise technique of analysis which the 

authors feel a r e in need of further invest igation. These a r e : 

1) The difference, if any, for m e a s u r e m e n t s using compensated or uncom

pensated ionization chamber s should be c lea r ly deternained. No com

pensation was used on the KEWB m e a s u r e m e n t s , but compensation was 

used on the SRE. Both appeared to give valid r e s u l t s . 

2) Measurements should be made under identical conditions using both 

lead-shie lded and unshielded ionization c h a m b e r s . Clarification of 

the odd effects noticed in rxin one of section IV-6, when the lead-

shielded ionization chamber was used, should r e su l t . 
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3) A l a rge number of m e a s u r e m e n t s should be made on a smal l exper i 

mental r eac to r at var ious power levels in o rde r to de te rmine the 

exact mathemat ica l re la t ionship of r eac to r noise to power level and 

ionization chamber noise to power leve l . F r o m such knowledge both 

the opti3:num and the maximum power levels at which noise m e a s u r e 

ment can be made might be de te rmined . Such information would also 

indicate, to some degree , whether or not it might be possible to extend 

the use of either the power spec t ra l densi ty or au to-cor re la t ion ftxnc

tion to analysis of the re la t ive stabili ty of nuclear r e a c t o r s . 
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