




*3

feca

-

:

F

--- \
-

-

-

-

? .  a

)1?r4rP*imes
iU_

n+ trr

,*]s
*g
4

€
@

-

-{
-(
EEE

€

Zaos}s) t/nr{orn

EYf*'il+,Ir.b.,e Nokq ;^tLY^u !



r (ttev)

N. Bohrr, t\tDGr.^rg I F4,21 ,tq36, p.3qq

r I GUHE

f .1t l'N@r,4ru* e,.y;vrn d NL'&tur Co'Lrtihth;Ll





rrcr ,trurr,
Ej*slv|ui
tu to6-U t r,.l

a
a
I
(
a

t
(
t
{
t

A+'l
qrvwwd-'tbrb



NuAhw, wt "ethir* a(e)- 
a9btq7.+ t n,

q
z
E
{  r a 2
6 ' t
I

b

En-  eV

160 r70
En-  eV

120 
F ("v)

E  ( e . v )
r80

90

Fig.  3



nucleusCompound resonances

v"t

-4.'lEEt NeV

J' ,r{

trr*-

rI

trl.*�

td

ll2*-

,rr*-

J.  L .  ROSEN
rt .  8 , .0E8, . lAR0lNB
J. R,AINWATER
IV. W. HAVENS

Reprqduced from@ Rand,om Matrices'in Physi,cs

SIAM Review, I (1967) 1

Some physic i ts mysel f  included,
values by heart because they happen
nuclear chain reactors ' t

know a few of these energy
to play an important role in



R,i"  rn a.nn '  c  g-  f " f f icr ,

5(s)=  t/

e"ta[ shp

- +  - - L
*  

^ l  t

rtlnnaL' zero5l
\ ,,,' \ . * -_ . * - -? '

c"t;r,'L

,lL
,f

/

inbeyrs

RH fn=L

5G*)-5fo.ih)=o

- l= I? -P ' )
lr

i '  R " s )
prirncs

4t

h,"'tn,tn;I



t

o

aE

F

CH6,LLE5 tV ESCI\|ERS (See4ess)

Eso"lizr (ha^b^^. d.S

htarcl"s t 4 )

EclclV

b

ectrplV:

l-scqher i

a-'

.E

F:t*#'v
lofia'to,'I^rb ,na,<lz

7,'lo.de*r /

lntsrofl$qt cc, a"{tC b6.[o^r c"<cts5..rf s

Trnlntthe;r,rs

r*6oit€

"l-, irrnqoL.s

('''1 nlaritC ) dcr **t,ha5



N(E)

g,r,l gf)=T 6(E-E')

)un',*t,*t

+ufu 
e TsLct*

pwnb'nq (sh;*ot)*

$lg) i:u5{ts'))e'
a,fl eiyun"ho ;E

q
9
2
t

g.(E) q nn"/
J-.

e9' -ll 
E' ) de''Z(E"-E)o (F-a )

[6,-q)(,'4)(E-E")

(E-8*(e ,-ct)

lr,-€")



GeneaL str*teq y .

Ts dew*ynsz 
2,G) it

?bs il'z nsb ( grttt"ttS,

o:4 '  y* ' t  FFI| -.

/"-b) 6 fr)

0 (E )  =d (e )+6G)

O *I b€, Lhe- s;..ctr.[ derailT f

counLiy f,*""h'"* N

J^d ywbentiaL -9-

Genentl ) +tz 
@fe is +b@),f,{t

o,-d, tl^r l r f t  as h, ,nt ---  -  @r*t
,6sr;tloL;5

'Tlv rtoise- ss th. "yd | 
(R. l",r-t **r)



is  a random symmetr ic
no part icu lar propert ies
sym metric natu re. "

t '  r . .  t h e  H a m i l t o n i a n  w h i c h overns
the behavior of a

matnx,
exceptfor its

Wigne in Symmetriesand Refl,ect'ions

com pllcated system



RervpoM nATR|e'€s

H,, - - e '

HzL - - ^.

Fl,vr --^. Ht',,u

Fi;c'uatr^a distnh,ti*,

H,u

Hru

Flrr

H,,
I

I

; ,

F^L rTrrtr^clnc

hur,.ha*

f=n
fr,"

rqnL I'nhr',.o F=+

'rVri,'rt (Orf) 9H {ErFr H')

rt,





9rf, (Fl )=

p(a)

K^p urrf - -rr (H' ) l4*J 
t yoad,ct LL< sc)p-

( (rnfrr'fa (a'uf'" -E')^L lEl<'"lW

to  ppzw

,+
E \

/ 
VJ iX"trs we,^,^ A'd' l*T

/ +*^'wTN)*al
Sd*W @ + sy'e&aL /,*iV;,. Rnr

A t\b pnwb ** UL % , wl;cJ+ h*+,
tnT, &- rhl4



W i1rrQ,( - b 7 *r- (@,^ur i* )

ll , Nx N herwitc^tn- 'vwalrix

H , *-1. 42t*aml*t^e-S

P ( H )  a ; g T r H L

Wirl,wE

X : M x N n n c t n x  l ' l > N  ( # = e < 4 )

W=X+X ; hr,-iteq" NxN y,,sit'*

d,c$n$z (ut sL-'+) tw^ h; x

Xf : a,nf u.,1.bz fn"^ryte

? (x) &,.t+"Tt'>dx
X i Jatt|fiarv +rrltiz5

( i. i,4.)

. : '

!



*;rr+ d^shkrt"io* "f, otgnwwJ**-5

G*#*rl' N ^7\ /7 ' -  -^  
-e Z^;  Tf  I \ i - f t lP{ ,  g  

- '  4  
/ [  ' ' J

j (k

Wisharb
+ ^.+(,t+r't-nl 

-n 
;8n4. l t  t t

4

i,

IT az;
1

+*  c=4rp=L
d

^t
:

/ L e
1

_ l ;

F J
lT-a lr'Td^;

v" 
ll d7;
1

km;ian

L d ' C^r-l;rrl,rb

f@

.T
) rk

Il\ i-4 1

Et,j s*uibbeoL h erfui,al
0 , 1

i, ynh"+i+L

Wi:hrrb

2d GTvtrr..,.b fs o*frd 6 f'eeib'n
Mf uot s,.ti L+ V" ,.,.v '*Loo'^n'L

Gvrpa, + Ltry;+Jtn;c- Y..,ok,nb^L



?

Agn*\r"Jt^n Mu\*

Ga*slb'rw

fp  (^)=hf f f i )

Wi s\rarI.

p..(?,)= f {(+)l N '

ti l=*@t
. 2

x s = ( # r a )

-

{ (, ) =',[ + (z^^') S-'E, tl7]

4
\ W iqttcr Seni- etrclz' .3Ct*

Ix- tx*J

N
" = F  3  !

f r r  c = 4  ( m = N )

-{(.)=*,[T Lo,4J



ii/ilnll. 4unai-c)dL

-?Nlrrt

lltraa^b 2.sb.r 7c=a )

O)= N



*

Fdrt\,

tnc.l

otrU

x
x

x
x

i-t-,\/v

?8R
 -".

-,O
,'*o

,
-,riY

,-i 
t-l+x

I
'

x'
r

l

t,x
sl-\s+

l

-1
9

| 
'-'

l
f

 
t

l

I t 
*n

'
t

;
r

l
t

I
t

J
f

t
>

T
 

=
r$

s
t

t
-:r 

-
s

{
t

P
t

es

tnc;ll
U

-ttv



( #
r0) = I

L 0

- l n L
I A t t - a l
|  - -  ^ l  4 a . ?

- t - a t a -

I N  l  2 t t '

g.(l' N)

0  l -
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bility of fluctuations on this scale is described by the Tracy-Widom

distribution (shown schematically).
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Introduction
Ix Jr:ne 1950 the Manchester IJniversity Mark 1 Eiectronic Computer was

used. to do some calculations concerned with the distribution of the zeros

of the Riemann zeta-function. It was intend.ed in fact to determine whether

there are any zeros not on the eritical line in ce.rtain particular intervals.

The cal.culations had been planned some time in advance, but had in fact to

be carried out in great haste. ff it had not been for the fact that the con-

found off the critical li and.
-culations 

were di more tow
inq such existed. The procedure was su

ih"tlf it ha,d be"tr 6c@-rouowea, ana if the rnachine mrae no'errott
in the period, then one could be sure that there were no zeros off the critical

Iine in the interval in question.' In practice only a few of the results were

checked by repeating the calcula.tion, so that the rnachine might well have

made an e ror.

'1?-,ff 
_

iceable '1o from

3 p.m. one aft-ernoon to 8 a.m. the following nor4i bable

caleulations woul have been done ' As it was, the i:rterval
Zn.OZz < t < 2tr .642 was investigated. during that period, and very little

more was accomplished.
The calculations were an optimistic hope that a zero would bedone in

I
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