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Imnroved theory 0f period of going nile

We write the fundamentsal pile e\uatvoﬂs for delayed and normal neufrro‘n/s*
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p is the prob., tiat a neutron escanes resonance capture in slowing,
and U, i the age of thermal neutrons; Als the value of the Lavlacian.
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linerecty iz the number of delaved zeutrons of wmean lifetime ‘/{\. ner
fizsions o«. is_tne density of voteatlgl emittors of such neutmns,

k ie the regroduction factor.
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If we measure Afrom the value at the cv'ltlcal condition, &, we et
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Or, writing the relaza‘bion time T inst :ad of w = \f‘ and writing << = 7“’
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This result has the same pronerties as that of IV, and gives a curve liks
that %ﬁown before, I% {s mnore édequate for experimental comparison since
in a pile 1ike CP-2 accurate settings can 'be made in the whole repion of
k near 1. stnp the measured value for (43» L) and CEO‘*tﬁ 700 cmz,

uging the ratios of d°s and the ti's as given in II, the value for the

percentage of delayed nsutrons comes out to be .61% instead of the directly

. measured l - 2%. The calibretion of the controls at Argonne hae been

made in terms of the veriod for a given sebting, using a unit, the recipro- .

¢zl hour or "inhour" wiich éorrespondr to a shift of the pile from the
eritical setting to one With‘a perioﬂ.of oﬁe nour. An inhour néar the
critical poéition means & change of A - 109 in k. This is rzther close
to the =rbitrary unit - the conventional inch or'cinchruced in CP-1;

1 inhour = 1.83 cinch. The 1ghour is en absolute wnit of reactivity, ~nd
will corres—ond to the same exﬁess k for all piles in which the number
~nd lifetime of the delayed'ﬁeutrons and the time per generation ure 1ike.
those of CP-2. |

VI. Tranaient Phenomena

So fér we have discussed the uﬁdisturhed exronential grofth or féll of
neutron density. It is interésting to consider the result.of ranid chonges

in the poing pile. We shall use the simplified theory of IV for this;

' the results are entirely analogous to those obtzined with V snd the formulas

sre much aimpler.
The relaxation time 1/~ in the practical casze of a pile operated with

kg-lesdelayed neutron perceﬁtage is given by the two roots:
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irith these values, one sets two indenendent solutions:
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The solution withw.is trinsient, dies away in time, ana cznnot exist alone,

since it implies a nerative density of notentizl neutrons. Thus w> discerded
it .when we looked for the undisturbed rise. Now we want to concider its
effect on trunsient operation. Note the relation: w . w_ -\-3‘2'_-‘_ c_;«_ c_. =0
(Ti:is 1san orthégonality relation for the two solutiomns, and i= a special
cagse of the more det:ailed treatmest ucing 4. 11fefimes_, where five roots, and
five orthogonsal =olutions exist. See C-65, CP-351 for detfe.ils.)‘
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‘ . a) Neutron burst.

]

Sup~ose we have a pile vith k near 1 (¢ may be 4 or -). V"ith an external
cource we induce a large neutron dencity, then suddenly remove the source.
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The initial condition is: ‘
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If €50, a plot of two terms and the tot=l would. look like:
The thermal density decreases,
even tiourh k is sreater than‘l,

as the transiént disunsenrs, Physi-

cally, the delayeci neutrons leave

no chance to contribute for
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‘ ' time of tke order of T. 4After that, the density settles into the steady

exnonential rise corresponding o Wi,
b) Control rod shift.

Suppose we operate with& -0, cstablishing a steudy value of n =nd c:

W= "No, <z — WNoo
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Than - say by moving the control rod - we cnznge suddenly to a new value of €.
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