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our opinion that thib work has alreRdy been 
it that a vast amount of w o r k  yet rernalns 
ng forward those fields of rebearch in which 
ng during the p a s t  two years. 
ady developed here have brouaht forth excel- 
11 help materially with the quantitative. accu- 
nuclear investigations both a t  Columbia and 
s .  However, because so much work yet re- 
the categories outlined herein, we have not 
of t h i s  proposed program at  tne present time. 

Instruments 

mbia University is not relying fully on the 
imission ior full support of i ts  work, Con- 
>gram frcm University and other funds a r e  
ver,  the University can, by no means, pro-  
rable for thib irxi?ctrtant field 'of research 
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rting the program through such direct  costs  
iontirne not charged to the contract, t ime of 
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s pectrornete r s,  neutron velocity epec t ro  - 

and a large fraction of general 
At the present time, the 
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cooididated pro- 
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systems, air conditioning, general 

important feature of the research  pro- 
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the training pereonnal in the nuclear physics 

290 graduate students 
staff of this con- 

of the contract 

of directing clos the research for  the program has fallen, for 
the most  part, o members of the scnior staff, The limitof 
human that t h i s  burden be car r ied  by such a 
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ation of this m a y  be approved by the Atomic Encray Commission 
and an settlement negotiated. We believe the research  

comes in the Unclassified Areas of research  
1-502, 1-508, 1 -520  and 1 - 5 2 1  of 

Bulletin NY-63.  
and therefore propose that a supplement 

GBP:fsb .. , Gh air  man 3 ~ 1 ~ 1  -I 



., : 

A .  

B, 

1 TABLE OF' CONTENTS 

DR 4 1378 
110.2 
March 15, 1950 

SUMM.ARY OF ~ E S E A R C H  PROGRAM . 3 

RESEARCH P R ~ G R A M  7 
1; 

XI. 

11%. 

IV . 
V. 

VI. 

t y  Spec tr sme Oe r TP ansmis siqn 

eractim with Elements and Isotopes 

termination ob t k e  Parahydrogen 
utron Resonance Levels 

Scattering of Neutrons 
m of Neutrons by Amorphous 

ge of state on 1Neuti.m Cross  

Sections b y  Neutron-Gamma 

CPOSS Section as a Function of 
f Flight of the Incident Neutron 

ring Measurements 
N C U & ~ O R  Scatterin8 Measuiexnent 
and Crystal Growing 

7 
7 
8 

9 
9 

10 

10 

11 

12 
12 
14 
14 

A. Analttical Laboratories 14 
tion of Neutron Transmission Techniques 
tical Problems 15 

16 
16 

Special Materials 17 

eed Scaling Unit 18 
18 
18 

19  
19  
20 
21 

trometer 28 

23  

rowing for Paramagnetic Neutron 

Instrument Development 18 

ted Scintillation Counter Fower  Supply 

i 19 

libiQ7 , - 1 -  

I $ 



. ,, i 

C .  

D. 
E! 
F. 

DR - 1378 
110.2 
3/11 5 / 5 0  

Corrc 
D. Nucle 
E.  Xnves 

Thou! 
F. Ne& 
G. Modu 

S h O P t  
PROPOSED BWDa 

Summary of Pr 
Comments om si 
Assignments - 
University Con{ 

LIST O F  REPUR' 
LIST O F  PUBLIC 
TABLE CF ORGl 

ation Measurements 
r Isomerism 
gation of Beta-Ray Spectra Below Ten 
nd Electron V d O s  
10 Pnve stigations 
.ted Cyclotron Technique Applied to 
Lived Radioactive Disintegration 
ET 
3osed Budget 
tcifis Items in 3ropssed Budget 
zniot Scientific Staff 
ibutions - -  9949 
5 
,?PIONS 
412 A TI0 N 

24 
24 

25 
25 

26 
27 
30 
31 
32 
33 
35 

43 
38 

5 " 9 7  

, 

\ 

- 2 -  



.. 
i. 

C O N T R A C T  P R O P O S A L  

C O N T R A C T  AT - 30 - 1 - C E N  - 72 

c OLUMBIA UNIVERSITY 

DR - 1378 
110.'2 
March 15, 1950 

XI. NEUTRON SCATTERING MEASUREMENTS 

c 

A. SUMMARY OF RESEARCH PROGRAM 

I. N E U T R O  VELOCITY SPEC TRO M E  T E R  TRANSMISSION 2- 

ME ASURF~MENTS 

of all available elements and isotopes with the 
spectrometer is continuing. Thus far ,  48 

investigated and more than LOO reson- 
The velocity spectrometer has r e -  
rebuilt in order to make more ef- 

IUIethods of analyzing the data 
about the resonance Levels are 

of nuclear forces is being 
section of parahydrogen 

paramdgnetic scatter - 
been est'abl3shed in 
further in severaA 

time. 

of a material and 
clross section 

the 

for studying the scattering of slow neutrons 
The background has been reduced 

of the velocity specttom- 
determined at  what 
scatdering of the 4 . 8  
detail1 to calibrate the 

* 
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IV. SPECIAL 

apparatus. 

out thick o r  thin sample corrections. These calibration runs 
can be us d to measure the scattering character is t ics  of all 

eter. 

A methsd has  been devised to measure the ratio 
of the s c  1 ttering c ros s  section to the total c ros s  section with- 

levels thus T far observed with the neutron velocity spectrom- 
ThL system for measuring the neutrons scattered in 

d direction by paramagnetic sal ts  has  been operated 

MATERIALS INVESTIGATIGN 
5 -  

III. A N A L Y ~ I C A L  STUDIES AND CRYSTAL GRIOWING 

composition and, occasionally, the isotopic 
under investigation a r e  required 
car r ied  out in the laboratory. The 
Department of Chemistry is avail- 

analysis and research.  
and analysis of neutron veloc- 

It  is used 

spectrometer samples, 

difficulties en- 
velocity 

I - 4 -  
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on spceific problems on many 
in the past amd an experienced staff is available 

V. 

opment laboratory at  Cslumbia 
ping instrumlents for  use in 
many of the instruments de- 

ind wide application in other 
following instruments have 

th m0. O S  microsecond r e -  
tion counter p o w e ~  supply, 
d pulser, a 7 . 5  Mc band- 
60 tubes, a stabilized coin- 
ent circuit to measure time 

. ,  
VI. LIGHT P k RTICLE INVESTIGATIONS 

on in the field of beta-ray spectroscopy has changed 
one of complete confusion to one in which the 
cations of the theory a re  in complete agreement 
nt. Further development of the field must wai t  

ormance of experiments which will decide which of 
eoaetical possibilities or combinations of possi-  

roup at Columbia has played a major role in 
licable to beta disintegration. The beta-ray 

t the present situation, Using the helical focusing 
ectrometer, which has the largest  transmission for 
resolution, the experimental data on allowed spectra 

For- to be in good agreement with the theory. 
ave been and are  b e k g  investigated to determine 
of interaction to be used. 

ous materials is being investigated by beta- 
ce techniques. A portable laemi-circular 

spectrometer has been used investigate 
transitions of the Nigner se r ies  to determine, 
t s  in very Aight nuclei. 

The nuclear level 

Beta-gamma 
0 WLj7 

- 5 -  
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angular correlation measurements are 
to assign uniquely the spin and parity 

techniques. The 
between 
been completed 
the neutrino 

q ?w L’r I 

- 6 -  



DEI - i 3 7 8  
110.12 
Markh 15, 1950 

1 COLUMBIA -UNIVERSITY 

c 

B. RESEARCH PROGRAM 

*' - * .  
I. NEUTRON VELCC?;' SPEC 'FROME TER Tfi AMSMISSIQN MEASUREMENTS 

C c- I- 
A. N e u t r  n I n t e r a c t i o n  w i t h  E l e m e n i t s  and I s o t o p e s  - --4. W. W. A avens, f r . ,  L. J.Rainwater, M. Levia 

bia University velocity spectrometer has been used 
to investigate lements and isotopes. Up to the present time 
48 elements h tigated and more than 100 neutron resonance 
levels observ 1 broad survey the primary emphasis was on 

The determination of the nuclear constants 
econdary. For accurate location ob the energy 

of the level a thick But for  accurate determination of 
the nuclear const ted with a level a relatively thin sample should 
be used. Therefor promise sample thickness was usually chosen 
for the initial exper In this manner the positions of the neutron r e s -  
onanc e s we r ed with a fair  degree of accuracy, and some 
information ce level constants was obtained. 

le is desired. 

8 .  

ccumulated indicate that many of the neutron 
vestigated with the best resolution available, 
hicknesses. 
t resolution now available it takes about tea 

x q  t h e  for one setting of the velocity spectrometer.  
s t  energy region, at least  two settings are usually 

In order  to obtain sufficient 

hours of cyclotron 
Except in the very 
required to plot a 
required pet reso per sample thickness. Since an investigation ob 
at least two differ 

nvcestigatiglg all thi  resonance levels ale 

n a m e  level. Thus approximately twenty hours a re  

ample thicknesses would be required for each res- 

A t  least  4,000 hours of cyclotron runwiaP$ 
fore, only the most interesting cases hawe 

been reinvestieated. 

dataua=sbe'ew obtained on aluminum, 
obdd, copper, iton, nadckb, rutheosi- 
ium, sodium, and krmirne. / o  M 9 7  

e ? -  

* 
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Most of these data represent reinvestigation of old samples in 
the highest energy r gion with better resolution than heretofore obtain- 
able. i 

an appreciable dent in the mountain of veloc- 
and should be accumulated for the purpose of 

of the neutron capture process,  the Col- 
spectrometer has been completely 
circuits i s  being built here for use 
under a subcontract with that labora- 
will  have 32 detectorpulses on each 

detector modulation pulses can be 
and the repeat times can be 

If all design improvements 
should be about six 

detectors a r e  also 
six improvement lead- 

ing system is being installed at the present time. 
increased efficiency of the system more time 
study of neutron resonance levels. 

and Brookhaven programs Will be well csordi-  
duplication of effort. 

deal of time and effort  has been spent in aecuxnu- 
of data with the Columbia University Pneutron 

However, relatively little effort has been spent 
latine the vast 
velocity 

of analysis of this data. Most of the data 
has been analyzed 
(phys .  Rev., 70, 

y the method introduced by Havens and Rainwater 
54 (1946)), which involves tedious numerical integration. 

h a l y t i c a  methods of applying the appropriate resolution 

We propo e to form a computing group to investigate tht - I  li 2;f 4 7 

function of the app ratus to the Breit-Wigner formula a r e  being inves- 
tigated. 
various methods o analyzing the velocity selector neuiOron resonance 

I - 8 -  
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D. 
Ruderxrcan 

The 
been established in 
This work is being 

i 

P a r a m a g n e t i c  S c a t t e r i n g  o f  N e u t r o n s  - I. W. 

i 

paramagnetic scattering of neytrons has now definitely 

1) 
these laboratories (Phys. Rev. ,  76, 11,1572-84, 1949). 
continued by four different methodsof approach. 

data and applying this analysis to a large number of the neutron res- 
onance levels that ha e already been discovered. " 

P Review (Phys. Rev., 69 ,  236, 1946), the 
t can be used best to d z e r m i n e  the scattering 

c ros s  section bas previously been measured in 
than 0.5% (Phys. Rev. 76, 1750--1759, 1949). 

cross seczon must  be determined 

nt time the design of the experimental apparatus 
of the parahydrogen cross  Section tat liquid hydrogen 
completed and the canstruction belguar. 

The s y s t e d  for studying the preparation and analysis  of QPhe 
parahydrogen has bden assembled aad is just getting under way. 

that  preliminary results will be obtained OR this 
1950, and should be completed within the next 

year. 



I .  

!r, method {!; 
3': liqult ni.:rogen a d  
sca t t e rkg  c r o s s  section 
mined first .  Per l immary 
crystailine MnS. 

In method (2),  
will be investigated. 

" . 

F -.irnp',c holder has already been 4uilt for use 
j iIl*:id hjrckagen temperatures. The paramagnetic 

of c rys ta l s  of manganous sulfide will  be deter-  
work has been done on the prelparation of 

crystals  of sal ts  of a series of iron compounds 
Research on the preparation of crystals  of this 

DR - 1378 
11 0,.  2 
3/ 1 15/50 

F. E f f e c t  - 
S e c t i Q n  

an2 4) the neutrons ramsgnetically scattered through small angles 
function. of the neutron wave length. will be measured as 

of Chanhge of S t a t e  o n  N e u t r o n  C r o s s  - E. Melkonian 

In method ( 
ature will be measur d. 
parahydrogen experi 
Oxygen has a very p culiar magnetic behavior a t  very low temperature 

then becomes almost ferromagnetic. 

the CTOSS sections of Ob as  a function of temper- 
The apparatus that is being constructed for  the 

ent will  be ideally suited for these measurements. 

- in that it obeys the C Pie l a w  down to a temperature of about -1839 C. and 

Method (4) rill be discussed under Neutron Scattering Measure- 

ments. i \ 

Slow deutaon transmission data for fused quartz from 
0 to 6 . 4  A is now co plete. These data reveal numerous diffraction 
peaks. The significance of these results i s  being studied. 

, -  

Neutrods absorbed by cadmium have been used by many 
investigators to materials in various states. For example, Rossel, 
e t  al, have 

additional information on this subject. The study 
conkmp%aQed here; En most cases the techniques 

these measurements. For example, coasiderable 
,3h"r17 

as a gas , a  liquid, and a solid in two phases. Neutron 

I " I10 - 
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setup, a x l .  so forth) s 
tempe ratmi: s should 1 

G. C a p t u : .  
R e a c t ; :  

- 
In generi 

gamma-rays a r e  emil 
by a given sample shc 
tured, and it is there1 
a direct  measure can 
ative capture. When 
tor,  the method can b 
as a function of neutrc 

The main eff 
ground gamma radiatj 
materials have been t 
counts has been imprc 
between 3 and 4 at t h e  
ment is needed in ord 
sections a re  small co 

Detection of 
an anthracene crystal  
future it is planned to 
in a coincidence arrai  
expected if the neutro 
crystals,  since this a 
average several  g a m  

that the design of a sample holder for some low 
bt be too difficult. 

. 
C r o s s  S e c t i o n s  b y  N e u t r o n - G a m m a  

n s  - E. Meservey. - 
when neutrons a r e  captured by nuclei, several 

Ed immediately. The number of gammas emitted 
Id be proportional to the number of neutrons cap- 
re hoped that, by counting the numb'er of gammas, 
e obtained of the c ros s  sections of nudei for radi- 
sed in conjunction with the neutron velocity selec- 
used to determine radiative capture c ross  sections 

L energy in the thermal and resonance regions. 

r t  thus far has been expended in reducing back- 
n. Various collimation systems and shielding 
led, and the ratio of desired counts 'to background 
ped by a fpctor of about 20. (This ratio is now 
mdiurn resonance. ) Considerably more improve- 
r to make the method useful when capture c ross  
ipared with scatterin8 CPOSS sections. 

le gamma-rays has been accomplished by using 
tnd photomultiplier tube (1P21). In ithe immediate 
bxplore the possibilities of using two such set-ups 
lement. A relatively high coincidence rate can be 
absorbing sample is placed between the two 
rangerneat takeg advantage of the fact that OR the 
ss are emitted for  each neutron captured. 

p/?/P? 7 
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- J. Tittman, 

06 the slow deutron scattering 
c r o s s  

sectjons. 

original s c a t t e r h a  pius 
was completely rebuilt. 

i s  w o w  approx- 
from 

electron volts, the has been redvced by a factor varying be- 
tween 5 a d  10, the region in which the apparatus cap be 
used to several  volts, T h e  remaining limitation is 

’ imposed solely 4hemeutron velocity selector. Some 
improvernehts in order  e‘o reduce the ruming 
time statistical accuracy. 

_ -  

The 
to the beam, 

of beam intensity in the plane perpendicular 
of the target, has been fneasured, wihh ‘the 

s resul t  that  constant intensity over an a rea  
of rnaxhmurn at a distance of 

a t  7” from the axiai line. 

with high res@- 

of the seatterlng 
f 5 />/ ? -? 

electron volts. The resuits 
tkeory (of ehe 

I - 12 - 
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f rom gold to that f r o  a thin carbon target shows a pronounced peak in 
the vicinity of the volt resonance and a distinct dip on the 
low eaeyzj- s i r -  * n1 (around 3 - 3 . 5  electron volts) with a 
reco-ip- r t-.*. . l , * d ~  
deteckd  :LA L7.e tT and 1000 electron volts. The inves- 
tigation of g d d  i z  for the purpose of building up higher 
statistical accuracy. 

Unresolved levels have also been 

- -  a method for the analysis of the data has 
been developed so that a curve of q vs. E 

for gold may be obtai 

a thick target is in 

in a reasonable time. A method for the evalua- 
tion of that fraction background counting rate  which disappears when 

has been developed. This method utilizes 
the pure boron” from Oak Ridge. 

of the data is essentially the measure- 
rate of gold to that of a reference carbon 
The functional relationship is such that it 

when the target transmission <<1. 
size and shape, has  been cast  and is 

for this sample, it will then be 
N/No can be plotted VS. 

for the gold. Extremely thin (0.1 and 0 . 5  mil) 
prepared and ot will be measured more accurately 
viously by the usual transmission experiment tech- 

measured values of q as well as cp will be avail- 

A 

gold targets have 

niquea. In 
than has been 

able. 

Gold is an favorable sample to investigate because it 
resonance at an energy low enough for has  only one 

the fairly good. This investigation should 
to determine the capabilities and 

have been 

in the transmission 
the resonant scattering 

measurements. /6&]97 

- 83 - 
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N e u t r o n  S c a t t e r i n 8  E x p e r i m e n t  

direction by pafa-  
of the neutrons 

the paramagnetic 
and by a 

tubes. Neutrons detected 
and be counted on dif-  

Fo r  neutron wave lengths 
of 2 to 3 angstroms, 
the ring subtending 
wave lengths, both 

the angular form factor is important, only 
scattering angle wil l  be used; at longer 
used to improve intensity. 

experiment has been completed, and some 
preliminary data a r e  very encouraging 

be completed within the next year. 

III. A N A L , Y T I C ~ L  STUDIES ANB CR-YSTAL GROWING \ 

- T,I.Taylor,  E.W,Ruder.rnan, 

It is e s s e  tiall that the exact chemical composition and s o m e -  
t imes the isotopic abu dances in the samples under investigation with the 
neutron velocity spect orneter be known; otherwise interpretation of the 
data is impossible. he facilities of the analyticai chemical laboratory 
include mass  spectro e te r ,  emission spectrograph, flame photometer's, 
photo -electric calor i  e te rs ,  photo -fluouixfie te r  s, ultra-violet spec tso - 
me*, electrolysis equ'pment, polarographic analysis equipment, polar - 
ieing microscopes an X-ray diffraction apparatus, all of which facilitate 
thedetermination of t e chemical and isotopic composition of the samples. 

ized, however, since information which is usually unimportant in ordinary 
chemical analysis is xtremely important in special experimehts. This is 
due to the fact that th 

17 iN9 3 

The analytical requir 1 ments of nuclear physics experiments a r e  special- 

nuclear absorptious properties vary so markedly I 
I - 14 - 
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f rom isotope to isotop 
it is not u ~ * ~ a l l y  weizh 
nuciear p e r c e n t a ~ r .  ' 
spe c i d  s'andaAizsti- 
che-mica1 facilities dr( 

The problem 
investigations has beer 
anomolous level obser 

Because of t h  
strengths, it is impos 
energy region with the 
much m o r e  care  must 

8.  A p p l i c ;  
n i q u e s  
T.. I.  Tayl 

- 

The diffi 
samples being investil 
the idea that the neutr 
useful analytical tool. 
chemical tes ts  on s a m  
f a i r ly  sensitive in son 
such impurities as rhc 
in tin, manganese in a 
of samples, mixtures 
s p e c i a1 appl i c ation s w 
era1 aspects of neutro; 
have been published i n  
ruary,  1950; and Vol. 
action of neutrons in c 
analysis. 

DR - 1378 
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and that the khanges are extremely large. Also, 
percentage that the physicist is interested in, but 
lis usually makes the analysis of each sample a - 
problem, even tbough all the usua l  analytical 
available .' 
f sample purity on neutron velocity spectrometer 
particularly emphasised recently because of the 
ed at  2300 electron volts in aluminum. 

possibility of wide fluctuations in the level 
ble to associate a transmission dip in the high 
,rixaciprt element of the sample, and, therefore, 
le given to preparing extremely pure samples. 

: i o n  of N e u t r o n  T r a n s m i s s l i o n  T c c h -  
o A n a l v t i c a k  B r o b l e m s  - R'.A.Anderson, 
r, W.W.Havens, Jr. 

ilties encountered in the chemical analysis of 
.ted with the neutron velocity spectrometer led to 
i properties ab material  could be employed as a 
ReexaminaMoa ob old data and some auxiliary 
Les already investigated showed the method to be 

dum in platinum, tantalum in columbium, indium 
rminum, hafnium in zirconium, hydrogen content 
E r a re  earths;  on further investigations other 
L undoubtedly 'be found. Three papers on'the gen- 
spectroscopy a s  applied to chemical analysis 
Vucleonics (Vol. 5 ,  December, 1949; Vol. 6 ,  Feb- 

Specific aa l i ca t ions  of the inter - 
emical analysis are bein8 studied for quantitative 

cases. The method i s  sensitive for detecting 

April, 1850). 

J T ;  rqq 7 

a 
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- D. 
E. 

- C .  C r y s t a l  G r o w i n g  f o r  P a r a m a g n e t i c  N e u t r o n  
S c  a t  t e ( r  i n g  E x g e  r a m e n  t - T.I. Taylor, 1. W.Ruderman 

R a d i o c h e m i c a l  L a b o r a t o r i e s  - I.W.Ruderman, 
Marder, A .  Lenz, J. Stark 

of neutrons has been 
properties of this 

for these 
to interpret  the data when the 

effects in microcrystalline media a re  
present. When of Sufficient sik'e a r e  used and the neutron 

twice the cut-off wave length, the Bragg 
fulfilled and the effective scattering c ros s  

wavelength i s  
relationship 
section be almost zero. Since the capture c ros s  

and the wavelength dependence known, the 
in crystals  of sufficient size can be deter - 

mined. 

Further paramagnetic scattering investigations of iron and 
manganous sal ts  which have high paramagnetic susceptibilities require 
that crystals of thes materials be grown. Other crystdls and samples 
of interest  which wil aid in understanding the interactions of neutrons 
also wi l l  be prepare a . 

, -  

has not only proved ve ty  valuable in helping 
program, but has also contributed substan- 

tially to: the fundamdntal research. 

activity of radio-bromine samples produced by 8 

detection has been cohsiderably improved 
cyclotron have now been calibrated. , y n  47 

has been increased considerably. The boton 



A t  present tl 
sources for the beta- 
neutron velocity spec 
creasing the specific 
reaction in various o 
of Br82 has been furl 

It is difficul 
a s  it depends on the t 

ever ,  the contributio 
overall research pro 

IV. INVE 
T. I .  
J. R a  

- 

. /  

The facilitit 
Ene r g y C ommi s s ion 
for special measurer 
adapted: This is es i  
mater ia ls  for nuclea 
investigated with the 
from 0.001 to over  1 
types of tests have bl 
Corporation and the 1 

struction mater ia ls  i 
have been performed 
mater ia ls  as a functi 
in the design of pile 
During the past  year 
absorber in a zircon 
Hafnium spectrograF 
by the analytical labc 
determined. 
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3 laboratory, in addition to the preparation of 
ay spectroscopic group and samples for the 
*ometeP, is investigating the possibility of in- 
ctivity of by using the' Szilard-Chalmers 
ianic compounds of arsenic.  
e r  increased. 

The production 

to predict the future program of this laboratory, 
,emical problems me t  in other researches.  How- 
of this laboratory to the efficient progress  of the 
ram shows that its formation w a s  well justified. 

TIGATION C F  SPECIAL MATERIALS 
tylor, M. Levin, W .  W. Havens, J r . ,  L .  
iwater 

of this laboratory a re  called upon by the Atomic 
nd contractors of the Atomic Energy Commission 
ents for which this laboratory is particularly well 
cially important in the investigation of contractors '  
energy devices, These special mater ia ls  can be 
eutron velocity spectrometer in the energy range 
,000  electron volts a t  the present time. 
:n performed for the Carbide and Carbon Chemical 
eneral Electric Company. 

n the past. 
n of the energy of the incident neutrons is of value 
xuctural mater ia l  and moderator reflector systems. 
he fact  that a hafnium impurity wals the neutron 
.m sample w a s  demonstrated in this laboratory. 
ic analysis techniques have been investigated 
batory, and the analyses of several  samples 

These 

Tests  on such con- 
beryllium, zirconium, titanium and vanadium 

The information supplied on these 

;r 3 Wl5) 7 
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, 



I 

V., ELECl 
.I 

The electron 
is primarily interestc 
experiments. ~ o w e v q  
ticu1ar purpose find u 
year the following ins 

A. H i g h  2 
CQ 

A scale '  
microsecoads has bet 
placed in operation a 
Vol. 20, No. 12, 942 

W i  

8 .  - R e g u l i  
i rFi iz 

Since a 
1 change Lie scinti 

high voltage supply i ,  
an output impedance t 

for a 30 volt change i 

C .  A P u l  - 
A two cl 

a final model constru 
of biased diqdes, Th 
this fashion, 6. e. , ci 
c apac itmcc xaeute alia 
type B A L 5 ,  S ~ Q W  the! 
properly matched. 41 
which bas a built-in a 
to the biased diodes i 
which allow the pulse 
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BNIC INSTRUMENT DEVELQdPMENT 

hatrumen% development laboratory a t  Columbia 
in developing i n s t e m e n t s  for use in specific 
, memy of ?he ins t runea ts  developed far a par-  
le application in other fields. During the past  
uments have beea developed in this labo~aQory. 

c e d  Scaling U n i t  - V.Fitch, S.Lipman 

t-four eircuita with a resolution of about 0.05 
developed. 
functioa well iw routine operations. (R. S. I., 
44, Dec. 1949.) 

A amber  of these ui t s  haws been 

ed S s i n b i l l a t i o a  C o u n t e r  B o w e r  S U P P ~ Y  

angc of 1 % ia voltage on an electron multiplier 
rtioa counting rate  by 12 - 1590, a well regulated 
reeded. A supply which twill prowide 20 m a  with 
2 ohms as& will chaage by about 2 volts ba 1000 
input voltage Bas been developed. 

, 

, 
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Preliminary 
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use of the device indicates satisfactory performance. 

are available. The two 

Each addi- 

in ampli- 

A coincidence 
able in a commercial 

c 

circuit  of greater stability than was avail- * 
unit has been designed and constructed. The - c  ~ -, ,+ 97 

D. A S t a n d l a r d  B u l s c r  - V.Fitch, S.Lipman 
l 

A new pr cisioea stegofunction pulser has been designed. 
This circuit  will deliver both plus and minus pulses with a wise time of 
2 x lo-' seconds. The output wave form r i ses  sharply, stays constant 
for 10 microseconds, nd then decays to zero in about 5 microseconds. 
The old pulser has bee I rewired to incorporate the new circuit. 

1 i f  i e r s - V. Fitch, S. Lfpman, L. J. 

Delay lin coupled amplifiers have been designed and con- 
structed for oscillogra hic use. 
the oscilloscope deflec ing plates push-pull. 
imately 16 with bandw i dth about 75 M c .  

Two amplifier uwits a r e  used to drive 
The overall gain is approx- 

A general pur ose stabilized amplifier was designed and con- 
The maximum structed primarily for use with scintillation detectors. 

gain is 250 and the mi h u m  r i se  time i s  2 x l o o 8  seconds. i 
. T  i 

The emission tubes, Philips type EFP60, have been 

minimum r i s e  times of.10'' seconds. 
incorporated amplifier loops and work satisfactorily. Loop 
gains of 50 

Fa - 0. Martinson, - 
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in ttm tmay beta-BawarPla carrelations from 
method (Mu and Shakwov) in which the Atomic 

a blocking osctAlator in order to 
coincidence circuit. Although 

when pulses of uniform height 

Instrumen$ 204A mpl i f i ero  were originally used. Since 
was of the order of 0 . 2  x l oo6  seconds, 

of raadom height diatribution 
counter, a "jitter" was 

which effectively 
to the fact that 

In order to liminlak this #ib%fculty, a circuit was designed 
which delays the inp t pulse by means of a delay line: andl thea gates the 
delayed pulse at a s ecific time when all pulses have risen to the required 
level. &¶ thi5 manner all pulses, regardless of their initial height, are 
fed tQ the blocking o tillator with the proper triggering amplitude at the 
same titbe relative o the start of the pu'lses,thus dtiminating %e jitter. 

1 
k t 

crated successfully asad gave a coincidence 
seconds when used with the Atomic hstrument 

amplifiers havimg a shorter rise 
so that at present the coincidence 

10-8 seconds with input pulses of 
r andom height. 

- P.lsaac5, C .  C. .- 

ble mercury delay line for equalizing and sontrolling 
in vatious charnels ob a coincidence system has been the 

cons t r w  tcd. 

y detector will be P scintSlO&ian counter usin8 either 
as a phosghar, which will Give a rise time ob the 

2f*L:l7 
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order of I O o 9  
tuned in ia modulated chain gf waves. The wave 

delay line. "he difference in delay between 
ditferent chains can be controlled to with- 

be possible to achieve even shorter 
circuit to select one of the positive 

has not as yet been tried. 
linear properties of dividers and 
About twice the pulse width of 

The pulse from the counter is amplified ipa a 

me 

0.04 microseconds. 

of the mercury delay line over other 
it is possible to obtain continuously 

of wave form. The accuracy 
on the resolution aad in 

ten times the reso-  
definite advantage 

coincideace system was originally designed to 
coincidence to determine the half- 

The circuit c m  also be used in time-of-flfght measurements 
in coarjuwtioin with a magnetie field to differentiate between RBCSOPLS a d  
protcrms. 
e ~ e i r g y  of the recoil taclleus in the lbtutndao experiment, 

I t  can also be used as a mass spectrometer and to measure the 

\ I 
VXl LLGMT PARTICLE INVESTIGATION 

, 

several of t h e  discrepancies between 
the theory of 
by many resolved. The beta-spectposcopy group 

a major role in the resolution of these 

a d  the experimental results obtaiaed 

; r y  j227-7 dis c r epanc ie s . 

- 21 
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.. - 1. Allrow 

ical p r d i c t i o a ,  that oi 
resolved in the Columl 
spectrorrwtsP bor irovesl 
applications of the thec 
more complex phenom 
to be used tn beta-disi 

* 

2. Forbi 

invest ipkd with the h 
crucial  and interesting 
improved conditions. 
in the near future for 1 

Om of the nex' 
According to nuclear I 
with even parity. The 
and even parity. With 
the transition i s  most 
for bidden spec tr urn. 
anatha r Or ans i tion whi 
of shell structure anal 
various types of forbic 
uniquely which type, o 
actions is responsible 

r "  

U, id a beta t 

excited state, the ewci 
emitting one or  $ever; 
photo-plectrons ejectc 
of these g a m a - r a y s  
the eaergy levels and 
emeTgics of the radiatj 
qsuably slso necessary 
cessive and which in a 
radiations is best stud 
junction with a beta-ri 
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a Specpr,a: 

'allowed spectra" in the low energy region, were 
a laboratarkt i  using the helical focusing beta-ray 
sating coppe& ami s u ~ u r 3 5 .  Since the simplest 
' y  a r e  now elsrrified, it is possible to investigate 
ra in order  to determine the type of interaction 
:egration theory. 

The outeta~ding cabes of the dcviatiogl 
af the experimental data f rom tbeoret- 

den Spectra: 

~b t r a a ~ m i s s i o n  spectrometer. 
case of potassium4o is being investigated with 
'his spectrometer will be used almost completely 
e inveotigation of forbidden spectra. 

"he highly forbidden spectra suck ab 
chlorine36 ea18 baxyf%liumla Raobbeen 

At present the most 

isotopes to be investigated wil l  be t e c a e t i ~ r n ~ ~ .  
ell structure analysis the spin of 43'Tc99 i e  9 / 2  
rroduct nucleus 44Ru9q probably has a spin 3/2 
spin change oi three unite and no parity change, 

robabby second forbidden and should yield a unique 
he transition of A41 to the ground state of K4' is 
1 should have a forbidden spectrum OR the basis 
s is .  
,en spectra, it should be possible to determine 
combination of types, of the five possible inter-  

o r the be t a - di s fat e g B at i on. 

' 
When sufficient data a r e  accumulated on the 

sintegratieer, the product nucleus is left in an 
zd state immediately goes to the ground level by 
gamma-rays. By investigating the comptew- or 
by the gamma-say8 in a spectrometer, the enerBies 

PW be determined. 
,sintegratiom isshemelo, a m e r e  knowledge of the 
PIS alone is often found to be insufficient. 
to dete~mixie which radiations a r e  emitted in sue- 
lernate process.  
cd by the method of coinsidence cousr&ing, i~ con Q 

spectrometer. 

However, in order  to ascertain 

It 3s 

Thlismmiation of the various 

The applicability of the technique 
-, a, j i 1 9 7 
r- 

- 22 - 
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is limited By the OVCP all dktattioa efficiency of the instruments used 
and by the resol&g time of'thc coimcidence amplifiers. For this' reason, 
the high tr&somission magnetic aoienaidal spectrometer ig particularly 
we13 suit& #or c o h c i  ence studioe. 
in izavlagtigating the pr Mem of pipiabg liqht through lucite rods and shield- - c A c ~ c W m  photo-mu tiplier tubes from atray magnetic fields. 
results of these invee igaticans should halve geaerel usefulness as well. 

c 

A systematic study has been launched 

The - i 

- .  
.. 

fscusiwg beta-ray spectrprnefter was con- 
the spectra of radioactive .gases, 

in beta-ray 1spec4roscopy 
backinpa material ,  i t  was 
mi&t avoid this dif- 

structed for 
Since one of 
was the 

by pumpiag gases 
The h d f -  

ot  possible to measure the beta-ray spectrum in 
on with this spectrometer, by confinhg the in- 
endpoint energy greater than 1 million electron 
dpoints be obtained but a decision can be reac hed 
e of the! allowed shape or not (3/4 of the spectrum 

westigation to spectr 

e half-lafe OP a beta-emitter and the eord- 
e to calculate the "ft" value of the beta- 
c l y  associated with the coupling constmB 
P, the "ft" value of helium6 has been found 

be used to investigate the 
transitions. 'I These are transitions 

of the disintegrating nucleus and 
the matr ix  element involved is 

"mirror  image" nuclei a r e  
L6 ?TL)L-: -7 

- 23 - 



the emit ters  and pro 
nuclei are generally 
made into gases for 
of the half-life and u 
some light on, the %ui 
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icts of this series. TB beta-activities of these 
hort-lived but fortunately some of these could be 
revllatirng purposes. The accurate determination 
ier energy limit of these m i r r o r  nuclei may shed 
ber understanding of the theory ob beta-decay. 

@atiarm ai the airaguh c~~'rePat iota  between gamma-gamma and beta-gamma 
radiadioahs, Xn to carry out these investigations, the sceinti8lasbiom 
Countera, fast amglifiere, faat coincidence anadyaen and pulse 

been designed, developed and built in this baborlatoPy, 
of the known beta-gamma and gamma-gamma angular 

to be important for the theory of beta-decay. 

I o s r n e r i s r n  - L.J.LidoPsky, C.S.Wu, P.A. - 
There is another group of particularly interesting phenomena 

known as isomers, 
the metastable stat  
energy available. 
mentally vary fro IOw8 seconds to a dew hours or days. The technique 
used in determining half-lives greater than a few seconds is to follow the 
decay of the isomer. 

IomRer delayed g e t i  d. 
device. 
delay between two p l s e s  as much as 20 microseconds. 
going tp be used in i he investigation ob isomeriem as BOOR as the eresembly 

According to the theory of i8omerism, the half-life Of 
is deternained by the spin-change involved and the 
he half-lives of isomers  so far determined experi-  

For those in the microsecond region 0r le86, the 
method of delayed c 1 incidence has been very successful, but not fop a 

This laboratory has developed a mercury Bine delay 
Initial t es t  of this device has shown great promise in providing 

This device is 

i s  canhpleted. 

- 24 - 
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F. N e u t r i n o  
-c 

E, T. 

E. I n v e s t / i g a t i o n  of B e t a - R a y  S p e c t r a  b e  l o w  
T e n  T ) ~ o u s a n d  E l e c t r o n  V o l t s  - C.S.  Wu, W .  W .  
Havens,l Jr. 

c 

I n v c  s t i  g a t i o n  s - B. M. Rustad, S. Ruby, 
Booth, Jr. 

E. I n v e s t / i g a t i o n  of B e t a - R a y  S p e c t r a  b e  l o w  
T e n  T h o u s a n d  E l e c t r o n  V o l t s  - C.S.  Wu, W .  W .  

c 

Havens,l Jr. 

tigate beta, gamma or  X - r a y s  of very low energy, 
is probably to introduce the radioactive gas 

and then analyze the pulse heights. 
gamma-rays of a f ew thousand electron 
IR order  to extend the range of our 

the proportional counter 
and X - r a y s  has been 

the m o ~ d  

be examined in the 

with its 
there a r e  any soft 

beta-decay will be of chborine36. The importance of this investi- 
gation is stated in 
the Shape of 

article of "The Recent Investigations on 

and the properties of the neuftrino still r e -  
main a Several systems of increasing degrees of 

of direction and energy of the 
have been delsigoled using 
counters as  aetectors.  A 
a distant apparatus has 
very satisfactory. A per- 
in the cyclotron room. 
helium6 have been made 
disintegrlation. Theiso-  

neutrino experiment. 

equipment to measure the angular distribution 
and ion recoils in helium6 is being assembled 

includes a large vacuum envelope with 
particle 

p r e s s w e  peasur ing  
circuit  for dctermin- 
this apparatus are . 

in the near  future. 
' z i 3 w q 7  

I - $5 - * 



G. M o d u :  
S h o r t  
Ashapa 

- - 
A 1000 

mental time control 
The a r c  and detector 
second and the duty 
varying the pulse wit 
time, " neutron induc 
milli- seconds to the 
ease.  The most s e r  
such a s  high backgrc 
short  radioactivitie s 
been improved o r  eli 
sample of beryllium 
short-life activities 
and the half-life dete 
ment with previous tr 
projects of this grou 
boronlz (*0.022 to 0 
possible short activi 
ordinary method of c 
should be most usefu 
fissiom and the short  
of investigation shou 
m e r  gy accelerator, 
nucleus could be exti 
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t e d  C y c l o t r o n  T e c h n i q u e  , A p p l i e d  t o  
L i v e d  R a d i o a c t i v e  ' D i s i n t e l g r a t i o n  - R. 
G.  Grimm 

_̂ II 

ycle oscillator has been constructed a s  the funda- 
r u5e with the velocity selector timing circuits. 
bulses can be varied from 5 milli-seconds to 1 
cle f rom 80 milli-seconds to 16 seconds. By 
I of the "arc on time" and the "detector sensitive 
i beta-ray activities of half-livesSrom a few 
rder of several  seconds can be determined with 
us  difficulties encountered in this investigation, 
nd coqnts inside the cyclotron enclosure and the 
nduced in the shielding and counter itself, have 
h a t e d .  Trial  runs have been carr ied out on a 
C l ess  than 1 gram. The t rue counts due to the 
helium6 azegreater than the background counts, 

mined is 0.827 seconds which i s  in good agree- 
lues from other laboratories. 
a r e  to determine precisely the short  half-life of 
)27 seconds) from MIS ( m , a )  B12 and to scan any 
cs from light clcmennts which had eBcaped the 
tection, It is needless to say that this  method 
for inveBtigating delayed neutron activities from 
eriods of beta-activities f rom fission. This method 

5 the lifetime of a highly excited beta-active 
mely short, accordin8 to the possible f t  values. 

The immediate 

' 

also prove useful in connection with the high- 

p if 7k?9 7 
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I. Neutron Velocity 

11. Neutron Scatterii 

,, 111. Analytical Studic 

IV. Special Material 

i V. Instrument Devel 

VI.  Light Particle k 

/ 
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C .  PRGPOSED BUDGET 

P r o p o s e d  P r o j e c t s  

pectrometkr Transmission Measurements 

3 Measurements 

i and Crystal Growing 

Investigations 

lpment 
P A  

re stigations. 3 3 .  f l y  
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;yclotrc 'Totals Sal-aaic s 
and Wages 

A g g r e g a t e  
Totals 

Projecl 

15,000 2 8 , 5 5 0 . 0 0  53,350.00 I 246,700 

24,lSQ II 17,808.00 41 I 950.00  10,000 

,* % r  1u 

IV 1,500 21,360.00 4T,010.00 25 ,650  

15,650 

_____c 

19,658 

V 2,000 27,940.00 

14,120.54 

43,590.00 

33, 770.54 + 10,000 

24,510.54 3,000 1,500 I TOTAL! 40,000 i 18,400 242,910.54 

43,578.69 Gverhead at 35% of- salaries 

Salary adjustments at 10% of salaries 32,SOO.OO 

G R A N D  T O T A L  2981 989.23 



ri 
F 

. -  . .  . ,  

Senior Scientific 
Staff 

Junior Scientific 
Staff 

Administrative Staff 

Chemistry Labor at01 

Electronic Technicia 

Cyclotron Group 

Machine Shop 

Drafting 

Cyclotron3 1600 hour 

Consultants 

Supplies, materials, 

Teltphoae, tclegrapl 

Travel 

insurance 

PROPOSED BUDGET 

mber of Average % 
rsonnel Full Time 

11 8d ' 

14 63 

6 100 

5 100 

s 7  i 00 

6 70 

2 t 00 

2 100 

Salary adjustments 

, 1 . ' 4 '  - ,' 
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Estimated Cost  

25 ,950 .51  

31,970.53 

12,600.00 

13,610.00 

20,940,OO 

9 , 0 0 0 , 0 0  

6,640.00 

3,800.00 

124,'SlO. 54 \ 

12.  '500.00 

Overhead at 3 5 %  of salaries 4 3 , 5 7 8 . 6 9  

i ao ,  5 8 9 . 2 3  

at $ 25/hour 40, OOC, 00 

7 , 5 0 0 . 0 0  

i e r vbc e s 64,000.00 

postage 

- 30 - 

2,40Q,00 

3,000.00 
z 7 7 
4 

1,500.00 
298,98?.  2 3  
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* C o m m e n t s  o n  i n  P r o p o s e d  B u d g e t  

I 

h increase i m  sa lar ies  and salary 
adjustments i s  reflec of the Senior 

Hn general, s 
ca r ry  out more efficic 
of all research petsox 

The figure, j 
based on previous eap 
supplies have been apt 
anticipate future exper 
menf is, to a great e% 
In the cases  where COI 

exist, we must desi8pa 
is for such i tems as P 
forth. OccasioraabAy, 
Tektronix os~i l loscop~ 
developmen$ will  cost 
i s  necessrary for us to 
is the exception rathe' 
sistently been ahead, o 
quirements on past ne 

this time, the duties of directing c'losely the 
r the contract have fallen on fOUT staff members.  
I t  be carr ied by these four scientis'ts indefinitely. 
dor Staff members  has progressed' in an admirable 
se, now cohsidered experienced and capable physic- 
ve been, and in other caqes will be, advanced to the 

They must .receive compensation for their services 
e re  their salar ies  under the contract approach the 
nand outside the organization. 
taff intact. 

This move is obviously 

ch an arrangement will qaable this laboratory to 
ltly pure regearch by assurixq adequate supczvision 
,el. 

HI 

4,000: for Supplies, Materials and Services is 
rience. 
*oximately half the payroll. I t  is impossible to 
lituaes in detail. Commercial scientific equip- 
mt, behind our owd instrument developments. 
mercial  equipment for ous requirements does no3 
nnd build our own. 
sistors,  tubes, trasfoerncrs,  wire, glass, arad so 
DmmerciaP equipmemzb m~cets  our needs. 
with an extremely high resolution time, now in 
pproximately $ ~ , O Q O .  
Leep abreast  with the field. However, SUCH am ikm 
than the rule. 
the commercial field. 
$s related to other budget expeaditures. 

In the past, expenses for materials and 

Consequently, much o f  the outlay 

F O B  exwnple, a 

~ n n  innetrument of this type 

Our own developments laaye et& 
W e  can only base our r e -  

7 3 J i'l.1 Y 
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A + s s i g n r n c n t s  - Sea’or S c i e n t i f i c  S t a f f  
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U n i v e r s i t y  

1. 1650 hours of c 
work, 1950 hoi 

2. Salaries of per  
2 full time emi 
various stages 

3. Overhead at 68 
allowed on Gen 

4. Equipment, S U I  

replacement or 
abltory and officl 
beach at $1050 
2 tubes at $IO? 
at $ 8 5 0 ) ;  fittin, 
complete with I 
and windows, i 
Above are exar 
hraes whieh aci 
are too sumerc 

5 ' F ~ e c  tuition f o  
pertaining to U 
full time emplc 
point) per semi 
incentive to arc( 
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s n t r i b u t i o n s  - -  C a l e n d a r  Y e a r  1 9 8 9  

:lotron time (3500 hours used on A.E.C. 
s charged) a t  $25/kour.. ................. 41,250.00 

nnel exclusively on Contract program: 
iyees, 8 part-t ime, employed during 
' the program ........................... .13,500.00 

% of salar ies  (33.575 over the 35% 
2 Contract) .  ............................ .41,7111.03 

Lies, materials purchased; repairs  and 
apital equipment. Items include labor- 
'urniture (e. g. chemistry laboratozy 
replacement par ts  on cyclotron (e. g. 
each); detection apparatus (e. g. scalar 
If a complete photographic darkroom, 
ths, enlargers,  sin&s, light-proof doors . , ($4250). 
les of capital expernses. Minor expea&- 
uwt for the larger fraction of the outlay 
I to mention hem. .  ...................... .45,000.00 

* -  

:ontract employees OD subjects 
P phases of Contract work. Each 
!e is atPowed 6 goiats (at $20 pcr 
Ber. 
ire satisfactory pcrscPmeP 3,500.00 

This is taken as an added 
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N O  TE : Added to must be included m a n y  irmtangilblle outlays 
direct monetary expenditures llisted above, 

makes available through the very 

d by scientists, Braduate students, technicians over 
for from Contract or Department payroll. Experi- 
the Senior Staff is not boumd to a forty hour work 

at~adents preparing Ph.D. theses OR work 
osai their own time. Generally, the very 

makes necessary long intervals of 

for these situations, 
of the prograxn. 

bar beyond a normal eight- 

(2) The setviexa,  advice of m e m b e r s  of the University 
axe available and used any time it 

services  of Professor I. I. Rabi, 
during the past year without 

ScienWic 

electron microscope, various 
and shops a r e  open for use \  

general overhead allotment, 

3 7  :'r7c17 

c ompe R s a ti on. 

.-, . 
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