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1. a ^ r o r i o i
Sptirloas s c r s «  are  i ^ o r t a n t  not m l^  'beeatise they  in te r fe re  v lth  

opemticjns^ t a t  ‘beeanse they  can, under c e rta in  o ^ m tin g  conditions^ he 
d e tr lM a ta l  to  l i e  plant* For th is  reason^ e liM m tio n  of these sc»jas ■with* 
oat e o i® r« is ii^  the sa fe ty  of p l*a t o ^ m tio n  te s  heea one of the m jo r  
devel0p » B ta l  e f fo r ts  a t  the  Sli«

l a  sM ltio n  to  the d ire c t probles® c :^ .te 4  hy spurious scmES ̂  an asso* 
e la ted  p l^clio log ical. prohlea a r is e s  oa the |» r t  of the  ©peimtiiig crew. I t  is  
s tep iie ism  regardiiag the w l i d l t y  of i ir f ,l» t io i»  presented h j  p lan t ln s tr» e B “ 
ta tio a*  This la ss  of comfldeace mo. he a e r i t i e a l  o^xm tioim l veatoess la  
e e r ta ia  c irc iM ta ttees . Since th® b asis  of the  d i f f ic u l ty  i s  u aee rte in ty  in  
ia te rp re ta t io a  of the ia d ica tio a s i th e  problem can be solTed, o r a t  le a s t  
Biitigated^ by ^ o r i i i ^  le f ia it®  c r i t e r i a  fo r  the id e n tif ic a tio n  of r e a l  and 
gpirious scrasB.

f te  s ^ e i f l c  objeetlve o f th is  rep o rt i s  deXiaeatioa o f c r i t e r i a  fo r  
d i f f e r e a t ia t i« i  in  t t e  ^ r t i e u l a r  msm of ^ r l o d  s c » »  in i t ia te d  by th e  1 ^  I -  
p e r i ^  c i r c u i t .  This e iro u i t  te s  been a contiauing source of s;^rioug se w w  
during the e n tire  M story  of o j^raticm . A lth o u ^  e ffo r ts  to  eM alimte 
noise by le o la tia g  the ic p i t  a a i  power-supply c ir e u its  lave bees very suceess"* 
f u l ,  B^r&dle spurious as2^ »  co»tiime to  occur, t t e  problea o f o ^ m to r  cm - 
fidence I s  « d e  ^ rtlea2M *ly  d i f f ic u l t  by the c a ^ le x l ty  of th e  miclfiar in s tru -  
! ^ n t a t l « ,  A coM ise reference discussion of the  i« rio d  mng@ in® tru3»atatloa 
w il l  be provided here.

I I .  m  FfflioB wm m m  iw . PMTIOH

A. §8oe»l 0 < m m tA u

f t e  xm ctor power mnge frceta O.OOlf to  1$ of f u l l  iw e r^  ap i^ cs i- 
» t e l y  0 ,2  to  200 Is  -usm liy re fe rred  to  as the  ”period" range. This 
mme is  deriTea f r t«  the  fa c t  t l a t ,  dtiring a no rm ! s ta r tu p  to  fu H  the
rm etor  i s  eontroHed p riim riJy  on the b asis  o f the  re a c to r  ^ r i ^ .  Seactm* 
^ r io d  i s  defined here as

( 1 ) ® ^

where ̂  T » re se to r  period
0 =» reac to r flux
t a time

M of Auguet 19^1# s ix  d if fe re n t flux-iiw aitoring e ir e u its  a re  ia  
operation in  the range| ,t1 z ., two ehanaeJ^ of log  1 - P e r i t w o  f la x
l i a i t i ^  sa fe ty  ohaimels^ a  lin e a r  flux  e ta m e l serviiig the  a tr tam tle  flux  
con tro lle r^  and a lin e a r  flux  ( r ib ra t ia g  capacito r) e ls c t r ^ K te r  chansel. * 
Figure 1 shews a block d ia ^ a a  of the  s ix  naelear e la m e ls^ . Bie cmj«» 
e l» m cte ris tieB  of each w ill  be diseussed ia  the follow ing se c tio n s . Si& 
sa fe ty  c irc u it#  a re  aot a c tm H y  in strttae iila tio a i siaee  they do
so't cojK oa scale  u n t i l  about 1> of f u l l  power, I» e im ri ftisc tasioa  of th e te  
e iro u its  ie  i a c l i ^ d  fo r  the  sa te  of e ^ ^ le te iM ss .
* fhe e le c trc i» te r  ctem iel to s te a p o m rily  beeii tak es  out of se rv ice .
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B. fog I  ■» Period C ircu it
Eie p r lm ry  ftm etioa of the  fog 1 -  Period c irc tt i t  I s  to  prOTlde sa  

iad iea tio a  of the reac to r period , o w r the  six«4eeade mnge ending a t  f u l l  
power, as a guide to  o ^ m tto n #  la  the m nge 0,0001^ to  of f u l l  power, tlie
c irc u it  proTldes fo r  scraiaaiag the TOactor i f  the p eriM  becoKS le ss  tlmn 
5 secoads. Certain <palificatioES oa the 5**secosd sere® a re  disctissed below. 
®ie period semia is  fiisablsd above of f a l l  p w e r oa the 1msls th a t  ( l )  I t s  
necessity  Is  questiom bfo la  th is  m a m t v tm m  the  le v e l sa fe ty  t r i p  c irc u its  
lim it  the  power, asd ( 2 ) unnecessary scrams are  l a r t ic a la r ly  undesirab le  ̂near 
f u l l  power*

In association  with i t s  period function , the  e l r s u i t  provides' a 
s i ^ le - s e a le  lo ^ r i t ln a ie ' ind ication  o f power over th e  s ix  decades, ending a t  
f a H  power. A lth o t^  the  s ia g le -sc a ie  fea tu re  is  u se fu l in  the
power, th e  lo ^ r i t h a i e  ««Xe the in d ie a tio a  i s s e n s i t iw  to  s » l l  power

Tm  M aear in u ltiiw i^  m icro-«aicrc»i« ter e t r c u i t  fiiseusssd in  a 
. l a te r  section  i s  th e ,p r l s » ^  pjw 'er-level ia s tr« 3 « a t.

®ie a«Jor e a r n e s t s  of the  fog. I  -  P e r i ^  c lr e u i t  sre^a  e«ipeasated 
im im tlO B  eiaiA er (W estia^ouse type !-ffo63T?), a .i* A ified  OBBI* type Q-915 
fog I  am p lifie r, '^asd' a modified OSIUi type Q-X<^3 ^ r i o d  a ^ l i f i e r .  i ^ r t i a l  
schem tie  MB^grmm (power s u l l i e s  de le ted ) of the fog 1' and period am plifiers 
&te shm n  la  figu res  2 mA  3,̂  re sp ec tiv e ly , la  ^ n e r a l ,  the  a sd if ic a tio a s  of 
tlie s ta n is r t  eircm its s o v i e t  of increased e a ^ c ita n c e  values in  order to  i« te  
t h e ,eircTiits le ss  sen sitiv e  to  noise ia  the  Input c i r c u i t ,  t te .fo g  1 value i s  
recorded on a BroTO lle c tro n ik  model 153X12 eliart reco rder. Sae ^ r l o 4  is
recorded on a Brown llee trcm ik  'model 15^ iB .

Tbs fog 1 c i r c u i t ,  figure  2, operates on the  lo ^ r i t ! ® ie  re la tio n ­
ship hetweea the p la te  voltage aM  current ia  a   ̂type 9CKA- diode o i^m ted  a t  
3 ^  fila isea t vo ltage, fbe p late-to -grouad  v o lta ic  across th e  90^  cli^ode in  
f i^ i r e  2 Is  approxim tely

(2) T « 0.25 log i  + 2,60
where ?  i s  in  v o l ts ,  i  in  aiaperes, aad log 1 i s  the lo ^ r i t lm  to  

the laase 10. Bie constant 2,60 v o lts  depends soiaswl»t. on the  CAL ID J 's e tt in g . 
The v o l ta ^  a ^ e a r in g  across the  fog d i ^ e  i s  SB #lified by the e i r c a i t  iHTolv- 
ing tiibes 5603, 5^93, and 5©92. 15ie l a s t  tube p rorides a cathoie-follow er 
output to  the fog S rec o rte r  and the  d iffe ren tia tlB g  e ir e u i t  to  the period 
recorder. Siaee the e o i^ n sa te d  ioalm tion-cliaiA er emrreat i s  p ro p o rtio ia l 
to  the  rs s c to r  flux  ie-re i, the am plifie r output' i s  ^ o ^ r t i o a a l  to  th e ' fog of 
the flux j

(3) ?  out -  log 0 C2

whei^ Cj^ and Cp are constants aad 0' is the reactor fIra:.
If the flfflc is increasiag oxpoaentially as 

(%), .

where f  « reac to r i>ericd
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tb.eE the 1C d if fe re a tia tii ig  c ir c u i t  on the Log I  output produces aa output to

.
 ----

the ^ r i o d  recorder of*.

(5) ¥ f •S' n

vbere C,j s a t  Cj are  eonsta,Ets.

lo tic e  ttsat uh ila  the d if fe re a tla t in g  aetuork ia  the  Log I  o u tp it p rorides 
the signal fo r  the period recorder, the  ^ r io d -a m p lif ie r  c ir c u it  follow ing i t  
con tro ls the period scras»

& e tlEje response of the Log If c ir c u it  aad i t s  associated  Log ® aad 
period recording arm ii^nK st i s  con tro lled  b j  the t iu e  eoastan ts of the inpttt 
c i r c u i t ,  the a ii^ li f ie r ,  and the d l f fe r s s t ia t in g  c i r c u i t ,  plus the response 
t i i ^ s  of the  Log H and Period reco rders . Tb& lapu t time constant i s  determined 
p r i t» r i ly  by; ( l )  the p la te  res is tan ce  of the  90<A- diode, Bisce tM e Is  siaall 
eoHpared w ith the lealage res is tan ce  of the lo n im tlo n  cimmber and comieeting 
cable, sad (2 ) the O.CS-aicrofamd siaootMng s a ^ e i to r ,  slace  th is  Is  large  
eom^TOd with the cs;^c ltaaee  of the  elaraher and -eablfi. ffiius the  ia p i t  SC 
t in e  coastaat is ;

( 6 ) 1C,
0 .2 6  log 1 -I- 2 .6 0

U f
(0.02) 10  ^ seconds.

to rre n t i  -m ries from 10“ to  10 amperes as the  power f a r ie s  f ro a  0 ,0001^ 
to  lOC^ of fu H  power. For exsaaple, a t  0.001^ of f ’o l l  power, e t ^ t i o s  ( 6 ) 
gives « 5«2 seconds; a t  1^ of f u l l  power ® 21 m illiseconds.

Bie a n ^ l if ie r  time cocstan t i s  con tro lled  "by the O.C  ̂ m ierofaj»d 
cape-Cltor ia  tha second stage and the p a ra l le l  eo A in a tio n  of the p la te  aad 
load re s is to rs  in  the  5^93 c ir c u i t .  P la te  re s is tan ce  of the  5^93 is  about 1 
Tiiegohm, glYiiig an BC time fo r the  am plifier of abmit 35 a i l l is e c o M s . Sius 
the tiiiK response of the  an^M fier i s  con tro lled  by the  input t i i ^  constant 
a t  low power and hy the  a a ^ l i f ie r  time eonstant a t  h i# i power.

As a preM ainary s tep  ia  the t e s t  of the sc ram -or-trip  Id e n tif ie a -  
t io n  teclmique deserihed in  the  following sec tio n s , the combined lap u t- 
am pllfler time eom tan t of the SHE Log II sm p lifle r was i»as«3:*ed, using the 
clamber s iim la to r showa in  fi© 2re  ®iis s lra ila to r has aa effectiw e inpitfc 
im^dance of in f  la i ty  and negligi'ole shunt ̂ j^ e e i ta a c e .  Sae dewiae &m produce 
s tead y -sta te  curreEts in  the from l o “ « to  asi^ree  aad s tew ed
curren t elmages with mlcroseeoiid r i s e

With the reac to r shut down, the sinm lator w s  connected in  j a r a l l e l  
wJ.tli the  r e ^ i la r  input e i r e a i t  (ob&mber plus cable) so t ! a t  the n o rm l lirpat 
tlBK eoBstaat m s a c tiv e . Bouhiing curreBt steps a t  0 . 001^ and 1^ of f u l l  
power were in se rted , and the re s u ltin g  voltage res;^nse  m s  m&snred a t  the  
Log 1 output {cathode of 5692) with an o se illo sc o w . Sis B»ss-ured time coa- 
s ta a ts  are  shoro ia  & blfi 1 , w ith the  m lcu la ted  m la e s  ineluded fo r  re fe reaee .
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fal)Ie Sro tog  I  A a p lif ie r  Sonstante

i  of 
W'dH 
Power
0,001
1.0

telexilated 
Input T i*  
Constaat
5,2 eec

21 jss

Calcnteted
AapM fier

fiiK
Coastaat

35 n®
3 5  MS

Measured 
O rera ll TIik  

Cons te n t

5»T5 sec
58 m

The values In  l&ble 1 caa "be c o ^ y e d  with, aeastared o v e ra ll tisB  eonfitasts fo r  
the saiae e lr e u lts  without the 0 ,(P - aM  O.05-m icrofarad siaootMng c a ja e ito rs ; 
300 asee a t  0.001^ of f u l l  power aad 0.75 asec a t  1^.

Eae tog  I  recorder respoirf.s to  an input s ig m l  a t  2,3 inches/sec on 
a 10-iECh scale  (eoyrospondiag to  6 decades of p w e r ) affeer a 200-miXlisec 
dead ' Sie Malmaa te tee tahJ^  elmage in  flm ; lev e l i s  H isttea  h j
J i t t e r  to  ahomt i f  of fu H  eeale or, eoesiderlog the  sc a le , a change
of approxiiM tely X5f a t  a a j ' le v e l, ffinis, ia  order to  he seen on te e  tog I  
recorder, a flux  c h s i^  of a t  le a s t  15^ ( i . e . ,  15^ of the i n i t i a l  power to v e l) 
moBt occtir fo r  aheut a  second a t  0.001^ of fu U  power o r abm t 300 ®sec a t  1^.

The recorder o ^ r a te s  in  se r ie s  i«lth the tog 1 cfutput through
ahoet a 1-secoi^ d i f f s r e a t ls t ia g  t i «  eo astan t. Bie recorder i t s e l f  respoBls 
to  s  s i ^ l  a t  about 10 inches p jr  second a f te r  a 20-rflilllseeon<i dead tlsK .
The 10-iaeli sm le  corresponds to  period between -30  a i^  +3 seconds. Honaal 
J i t t e r  lim its  d e te e ta h i l i t j  of pe ri a ! e lm s^s to  about 0,1^ of f ^ l l  sc a le . I f  
the i n i t i a l  p j r i ^  i s  assiMed to  he i n f i a i t e ,  then th is  miaiiaaa d isce ra lh le  
period womH.be about 270 seeonds. . Thus, a period sh o rte r than a p p r« i i» ,te l j  
300 seeosds smst occur fo r about one second ia  order to  be detectab le  on tee  
period recorder.

2ie actm sl period scm a e ir c u l t  Is  incorpom ted ia  the psriod  ampli­
f i e r ,  figure  3, worlting on the tog I  o irtp it. This c ir c u it  d if fa re a tia te s  the 
tog I  output, 10 <2=̂ 225 ra illls e e , and causes cu to ff of the second halves of 
tiibes 5691 aad 5^92 when the  g rid  of the  f i r s t  h a lf  of 569I  reaches 375 la iH i-  
v o lte . Eie 3T5 a llH v o lts  corresponds to  a steady 5”Seeoai |«x-lod« Gutoff of 
the second h a lf  of 5692 causes the openiag of the re la y  K fl and, a f te r  s  
delay t ia e  of about 500  a illiseco iia .s, the  opening of BI2, wMeh in i t i a te s  the 
scraa in  the sa fe ty  an ^ ilifie r. Belay HU aad i t s  s.ssociated delay c ir c u i t  are  
fo r  the  ptarpose of preventing cu to ff of 589I  by short-teHii no ise ,

Bie t o t a l  e ffe c t of tli© tlii«  constants aad the  delay c i r c u i t  i s  the 
tog 1  and perlc^  a iap lifiers is  to  retm ire tlm t the  cdnlimja p e rli^  fo r  seram,
5 seeonde, be sustained about I .5  seconds a t  0 ,001^ of f u l l  perwer or about 
600  a illiseco ad s  a t  1^ of f u l l  pawer In order to  open M2 ia  the period aiapli- 
f l e r .  !Bie sa fe ty  a i ^ l i f l e r  somm  in  abcnit 5 ailH secoadB , and the  sa fe ty  
rods reaeh the core about 3<^ a llH seco isis a f te r  the  sagaet re to a e e r t  Sius a 
t o t a l  ^ fiM -to -seraa  of l .S  to  0,9 seconds i s  required  fo r  a 'su s ta iiiea  5 -secoBd

f le d  by d S e c t ' t e s t  as described in , ^ r t  I I I  of th is  report
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C, Safety gJjCTilts •« Safety A ap llfiere
Eie fanetion  of tlie sa fe ty  c irc ii i t  i s  ■te'ofoM; ( l )  i t  provides fo r  

a  reac to r scm a i f  tlie flux  exceeds a giveia le v e l (Eorrmlly 125^ of f a l l  poser), 
aad (2 )  ̂ i t  serves as tlie c en tra l elsiaeBt in  the sc»ia' circm it* Sie m jo r  
coE^neBts of the e i r e a i t  &ra tvo tincos^risated io n im tio a  clmmhers (West lag  *• 
hoase » d e l  tHr-6376 )^ the sa fe ty  aE^^Hfier (a modified OKS« Q-9^7);» sad a  ̂
l in e a r  fltK -le-ro l recorder. A s ii^ M fie d  c i r c u i t  diagmta i s  shore in. figu re

The basic .scm a loop is  a se r ie s  of re la y  eon'tocts shm tlng  a r e s i s ­
to r  which In ta rn  controls the g rid  voltage on the  tabes eontro lH ng tlie 
current to  the safety -rod  hoMiag im ^ e ts .  Opeaiisg of th is  scraa  loop produces 
a cu to ff b ias of the m gnet supply t i i ie s . 12ie s a fe ty - tr ip  f lu x -le v e l scran  
^opei«.tee by cu tting  o ff  the  5^91 tube# opeaing i t s  p la te  re la y . S iere are  
a c tu a lly  two scram asdmaisms b u i l t  in to  the sa fe ty  a i^ l l f i e r ;  ' ( l )  the  ’’f a s t ” 
s c x ^ ,  in i t ia te d  by opening the  p la te  relay^ aad (2) a bactep **slcw’' scran , 
caused by cu tting  o ff AG power to  the m gnet •pamr supply.  ̂Power-level in d i-  
catioas a re  given h j  a h r ltg e  c irc ti i t  in  the 5^91 cathode cirGU lt.

Aetion of the fa s t ' scraa  i s  accoriinlislieti by opening the  p is te  re lay  
w ith in  5 m illiseeonds of the t ia e  tlm t the power le v e l exeeeds 125^ of f u l l  
pow^r. Bie time constants in  the recorder input are  aegM gihM . ®ie recorder 
I t s e l f  i s  a Brore l le c tro n ik  i» d e l 153X2?, which responds a t  5 Im hes/sec  a f te r  
about 100 uttHisecondB o f dead tiiae . Because the sa fe ty  c ir c u i t  i s  designed 
fo r  o ^ m tio tt  a t  fUH power, i t s  recorder i s  c a lib ra ted  fo r  0~15C^ of f u l l  
power and is  ia se a s itiv e  below about 1^.

B. Electroiaeter Chaimel
The electrcaaeter eM m el functioas as the  priismry f lu x -le v e l ii» .iea- 

to r  in  the  six-deeade resge fro® 0,0001^ to  100^ of fh H  power, fhe e le c tro -  
* t e r  covers th is  r a n ^  by switching ia to  20 l in e a r  power m ages, B iis 
in strB « B t Channel consists  o f a e o a ^ n sa te l ionizaticsa chasfcer (W estin^ouse 
aodel 1 1 -6377}, a %10 m ic ro a ic r« s '^ te r  (K elth ley), and a l in e a r  cme-decade 
f lu x  recorder (Microsen type I 50  S lec tron ie  lecorder)^

Bie tlBK respom e of the niermdeTmxmmter efmmel is  f a s te r  thaa 
th a t  of the  o ther iastruam nt clmimeis because of n e ^ tir e  feedback ia  the 
iB stym ent, I t  0,001^ of f u l l  power, tM  o re rsH  (input plus aaaplifier) tii®  
consta,nt is  about 120 a s , a t  ifo of f u l l  power about 0.5 microsecoiads, 2118
co rsa l j i t t e r  llra ite  the detectab le  fltix change to  about 0,1^ of whaterer 
range the instrw aeat i s  on. Thus a  f lu x -le v e l s i ^ a l  represeirtlng a  elmnge of 
a t  le a s t  0,1^ m in ta in ed  amr a  period of a p p ro x iis te l j  100 m  {20 m  a t W ) 
w ill  be seen on tlie recorder,

E, Flux-0ontrol3^r Chaanel
Bie p r im ry  fu m tim  of, the f lu x -c o n tro lle r  d a a s e l  is  to  provide a 

lin e a r  fltac-M vel s i^ m l fo r  the autoriatie re a c to r-c o a tro l system. As | a r t  of 
th is  ftm ctioa , the  flux  lev e l i s  l in e a r ly  displayed oa a recorder i s  the range 
0,1^ to  ICX  ̂ of f u l l  power. B ile liis tn c * 2n t el»im el i s  ^ r t i c u l a r ly  slB ^le , 
coasis ting  only of a eong^neated io n iza tio n  cjaaisfeer (lestisgbouse type MB-6377 ) 
a ^ i r  of prseisioa resistors, aad a recorder (S^edomx type S),

L.
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During o^am tloa, the iotiizatioa~clmi:t>er cnrrent is  p issed  tliroui#i a  
50Q-ohiB I 'e s is to r ob low ra i^ e  (O to  1(^ of f \ i l l  power) and t ’rirougJa a  100-ohm 
re s is to r  on high mnge (O to  lOC^ of f u l l  power) to  dewelop the  input voltage 
fo r the recorder.

f ia e  response of the input c ir c u i t  depends on the ca’ble-e.nd-olmafiier 
cam eitaaee of ahoitt 1500 aicrom icrofarads. Biiis the input t ia e  coriStant is  
ahoiit 1 rcicrosecoad. ®ie recorder th a t  con tro ls the  o v e ra ll elmanel tin e  
respond.s a t  about 10 isGlies per second a f te r  apprfflcii»tely 20 -m of dead t i r » ,  
tlorm.1 recorder J i t t e r  i s  shout 0.1^ of f u l l  sca le  (10 lEelies),

I I I ,  m f  OF sm M  xBEigm cA fioi bchm iqie

A. %-pothesized iaca .tlfiea tioB  fecliaigae
Althou^, the e lec tro n ic  laeclmaisa of the  spurious period scram is  aot 

e n tire ly  tiM erstoot> i t s  o p e ra tlo m l e l» ra .e te r is tlc  is  w ell kBo%#n. H a t  is^  
a period sct«a w il l  oeetir^ as id e n tif ie d  by the associated  scm m -orlgia aon i- 
to rin g  e<|ulpieat^ but none of the flrac- and |e r i« i-« o a ito r ia g  recorders w iH  
note a f i t s  r ise 'b e fo re  the scran , l a  contrmst to  th iS i a  re a l  rea c to r  period 
scmm reguires a  TCrlod of 5 seconds or sh o rte r  ac ting  fo r  app rox im te ly  1 
second J as dlseassed ia  Section Il-B , In  1 s e e « d , a 5-sscoiid period eaases 
a flux  r is e  of about sho rte r periods w il l  cause re la t iv e ly  g rea te r 
increases. Based on the  dissiiissioiis of Sectioa  II^  i t  can be seen tM t  these 
are  a f i t s  r i s e  aM a m te  of r is e  s u f f ic ie n tly  l a r ^  and sustaiiK d long en o u ^  
to  be recorded on a l l  of four fliix-iaoaitoring recorders o ^ m t ln g  in  the  period 
range J i .e .^  the Log I ,  E le c trm e te r , and F lw  C o a tro lle r, ®xe Safety
l^ ip  circruit is  aot included j because i t  i s  ao t on scale  in  the p e r i ^  m age 
of p w e r. I t  caa therefo re  be hypothesized t l » t  a  rea.! period s e » a  can be 
id e n tif ie d  th rcm ^  the c r i te r io a  th a t a l l  f a i r  of the  above-mentioned recorders 
smst show a f in s  r is e  befoi*e the sem s occurs.

B, Method of gest of ja e n tif lc s tio B  ^gh n ig ac
A d ire c t t e s t  of the liypotbesized sc m a -id e n tif iq s tio a  teehaiq.tte m s 

nade under a c tu a l operating conditioiis by in se r tin g  ia to  the  I«g 1 -  Period^ 
Sleetrom eterj a id  Flax "C ontroller c irc u its  a 5*“Second ]* r io d | then 3-j, 2-, 
and l-second periods, Sie siiaalated flicc r i s e  was allowed to  eoatlBue v j i t i l  
300 lailllseeonds a f te r  the period a i^ s lif ie r  opened the sersm loop. At th e  end 
of tills  tiae^  the siTmla-ted flux  was s e t  to  zero . ®ie SOO-’a® ssmm delay was 
introduced to  aeeount fo r the period betireeB re lease  of the  n » ^ e t  and the 
t is »  tlia t sa fe ty  rods reach the  core, ia  which the  flu x  rmj contiime to  r i s e .  
Aetual operating conditions were simulatefi in  the  t e s t ,  except tM t  the 
re se to r  m s eliut down siA the s itm ls to r  gubstitu ted  fo r  th e  no rcsl c«ai»asated 
io a iz a ti  OH-chamber in p u ts . A ll of the  respaase te s te  were lerfonaed s ta r tin g  
a t  a sliautoted 1^ of f u l l  power. At lower power le v e ls , the slow Log 1 
response t ia e  all^^'s raere tisie fo r instrunient responses before the  s c im  oceiirs^ 
fhus i f  the fltiz  r is e  i s  observable a t  1^ of f u l l  power ( i . e . ,  fo r  the sh o rte s t 
*’tiiiK“to«seraai” ), then i t  w il l  be obserm ble tliro u ^ o u t the  period m n ^ ,  Hie 
perlcd-si.Bmlator c ir c u it  is  shown in  figu re  6.
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As a imtt&T of experliaeatal coBirsaience, tlie -roltage iaptit to  tlie 
tog 1 c irc u it  VS.S siEmlated, » t h e r  tiian the eixrreat in p u t. TMs i^th'od of 
siiim lation e llia iostes Um tog 1 i a p i t  tisie  co astaa t. Hcwever, siaee  a t  Ip of 
f u n  power the tog I  time coiastaat i s  p r iim rily  4tie to  the  t i *  coasteat of the 
in te rn a l tog I  a a p l if ie r  (see feb le  l ) ,  ao appreciable e ffe c t oa the o v e ra ll 
t is »  rsspoBse re su lts  from negleetlBg the  input time eo as ta a t. fflms, in  order 
to  siw alate an ©xpoaential r i s e  of period a voltage the fo m

(7) ? « ^  + ? 
f c

where k * a eoiistaat
f  «

t  w
V aO

reac to r pericrf. 
time
i n i t i a l  voltage  ̂lev e l

i s  required a t  the  tog S in p i t .  S itrs ti tu tia g  i  * i  eJcP's ia to  egiiatioa (2) 
shmB tlia t the  constaats k aad ta  iJ )  are

( B ) k  9 o . n  v o l ts

¥ 0.26 4- 2 .6 0  v o lts  O '
where 1^ is  the carTOEt, sorrespos^iag to^tlie I n i t i a l  power le v e l. In  t to  « s e  
of o f f a l l  pcwer, 1^ i s  atomt T x 10” * amps# and ?  = l.O f v o l ts .  In  the 
s im la to r#  fig a re  6, the i n i t i a l  le v e l  is  s e t  by the ”tog  1 le v e l” c ir c u i t  
operating th rm i^  diode' 12 aad the v o l^ g e  d iv ider coanected to  the ’’tog  I  
ia p i t ."  fhe l in e a r  increase ia  voltage# of slope k/T = 0.<S volts/s.ee i»  the 
case of the 5-aesoad p e riM , is  produced i a  the siim ilator h j  aajuBting the  
fremMncy and amplitude of a  t r ia a g a ls r -« v e  ^ a e a t o r .  As the tr ia n g u la r  
m ve hecomes positivB , the eiOTent ©vitehes fro a  the i n i t i a l  eonditioa throagji 
f2  to  a positive  m sp  th ro n g  T l. Hae siiau lsto r ran Is  ten a ia s te a  when the  ' 
to g  I  inpat is  by cloeing the re la y  ia  the 300*iailliseeoiid delay
e l r c u i t .  IM s delay e i r e u l t ,  ia  ac ts  iiliea se»®  re la y  MZ (figure  3) '
oi®as i a  the period a a ^ l t f le r .

l a  the case of the two l in e a r  cl» im els, the  e x p o ^ a tla l  power r is e s  
were s im ls ts d  M th curren t isp u ts , bu t w ith « Uximr approsciisatloa to  the  
e:cpon©atial. The l la e a r  approxim tion  m e chosen bemmse i t  m s  s ta p le r  to  se t  
up and did not introduce laich e rro r  or&r the  short t i i »  je r io d  iK rolm d. ¥r<m 
the d iscussion  ia  sectioa  11*1# the t ia e  'la te r ro i  of a run m s  ^espeetsd to  be' 
about 1 ,secoad. Sie critfsrioa  fo r  the l in e a r  approxiisKtioa of the  expoaeatial 
m t  th a t  they  a ^ e  a t  1 secoial, ® iis a^ ro x iim tio n ' p ro f ile s  s  mximm  devie* 
t io a  between the l is e a r  aad e ^ ^ a e a t ia l  foae tioas o f le ss  than fo r  a 5~ 
secoM -mvlod and about Iki^ for a  l-»sec<a^ p©rl<A. S a ls , the current re tu ire d  
a t  the input to  the  e le f t rm e te r  aM  fliax c o n tro lle r  olmmmlB la  fi© ire  6 is

, ''

(9) 1 » 1 (e'o t  F 1o
t t e  i a l t i a l  pow er'lem l is  so t by the  "'M^assr level"' e lrem lt, 'a M 't h e '^ a  of' 
the B0 an ^ ld fie r  and' output e i r e u l t  I s  s e t  to  give the eorrect' v o l ta ^  sm ep.
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C. Results ' ,  ̂ . ' ' . '
Sie respoases of tiie lag I ,  ^ r i o t ,  H e e tra i» te y , a»4 F isa  e o a tro lle r  

reeorders a t  a  t ia s la te d  of f u l l  po»er fo r  5~» 3-*» 2*>̂  aM. l-seeo»d
are  s h o «  ia  f i^ i r e s  7, 8, 9, 10, m& H .  Pigare 7 shows tb s  tiias 

reqiilrei. to  open the Bermi loop (relay" ̂ 2  of fig u re  3) as a fu ae tlo a  gf 
reac to r period . The coE^Joseats of th is  tim e-to-scram , which are  t l i e . t i i*  
r e # i i r e t  fo r  the of the f i r s t  ttihe la  the  period a s ^ l i f i e r  to  reaeh cu to ff  
and the lf i-1 1 2  delay, are  a lso  showa ia  fig u re  3* Biree tesdred  m illiseeonds 
more than the to ta l  sem a t ia e  shown ia  fig tire  7 is^ required  fo r  th e  sa fe ty  
rods to  reaeh the  core. F ig a r« 8 , 10, aad 11 show ^percent-full-scale responses, 
10-lneb sc a le , as a function of reac to r period . I t  shouM 'he noted tM t these 
figu res show 'slniiaia respcsases. At lower power IsT e ls , the  lin g e r  Log 1 tin *  
coiistaat delays the scraa  and a ll« # s i» re  t i i »  fo r  flu x  r i s e  and instKSKBt 
response. ' . '

A le a s t  c5> e ra tio » l prohlem eneotmtered during, the t e s t  %-ms the
d if f ic u lty  teeplag the recorder peas' opereting s u f f ic ie n tly  w ell t l a t  they 
would record the traa s iea ts#  , I t  m s' found t l a t  m le s s  the  ^ a s  ! a t  been 
cleaned v itls in  the prmrio-as few hoars, they votiM so t ink  the ^ p e r  daring the 
tm n s ie n ts .. ' ; ' ' ,

I f .  C Q im siQ g  Am ^ m m m A T m m  ' ' '

Bie, t e s t  described ia  section  I I I  shows tlm t a  5-secot^ period a t  of. 
f \iH  po’#rer w il l  be seen by the Log 1 , Period, Ilee trcxaste r, and Flux C ontro ller 
recorders before the  scraa  occurs. Proa the  diseussioE la  section  I I ,  i t  
f o U ^ s  tlm t sho rte r periods and l«#er power le r e ls  wouM yleM. la rg e r , 
responses, becauBe of the longer t ia e - to -s c m a  in  those cases, fhus i t  can be 
coacMded th a t  r e a l  reae to r perlcA s c » e s  w il l  always be obserw ble as p o s i t i r o  
going flux  sp ite s  jm t  ^ i o r  to  th e  serea  on the'L og S, Period, E leetrow ster, . 
aad Flux C ontro ller recorders, on the diseusslon  I s  sec tion  I I ,  i f  the
s a f e ty 't r ip  ciisiiiiels are  oa geale , they a lso  w lH  g ire  a  ^ i t i r e - g o i a g  sp ite  
Juat before a r e a l  scmm occurs, Any p e r i ^ - in l t i a t e d  scraa  ao t causing a 
p reseras r is in g  spike oa a H  four (o r f i r e )  of tlie above-aentioaed recorders 
i s  spurious. One re r j  ia©«’te a t  o n 'th is  id e n tif ie a tio a  teehslgue

be E»de: periodic (perM ps twice d a ily )  cteaaing  im st be p e rfo n * d 'o n  the
recorder pens to  ensure th e i r  operation during f&at tran s 'ien ts .
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