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LE T T E R S TO 

Elastic Constants of Polycrystalline Uranium1 

In t he preceding note R o t h m a n and Fisher (1) discuss 
the calculation of t he elastic cons tan t s of polycrystal l ine 
u ran ium f rom single crysta l measurements (line 1 of Tab le 
I) and then proceed to compare t he calculated moduli 
wi th a number of selected exper imenta l values. T h e pro-
duct ion of sufficiently large single crysta ls of a - u r a n i u m and 
Fisher and McSkimin 's (2) s t udy of t hem are bo th note-
wor thy achievements . However , I would like to t ake excep-
t ion with t he content ion of R o t h m a n and Fisher t h a t t he 
elast ic proper t ies of u ran ium strongly quenched f rom the 
0-phase are in any way character is t ic of the polycrystal l ine 
meta l . 

I t is well known, of course, t h a t u ran ium in the as-cast , 
fu rnace cooled condit ion is extremely coarse-grained and 
t h a t most mechanical t r e a t m e n t s designed to reduce the 
grain size s imul taneously in t roduce direct ional proper t ies , 
so t h a t t he problem of obta in ing and knowing when one has 
ob ta ined isotropic samples is by no means an easy one. To a 
cer ta in ex ten t , sound veloci ty measurements using the free 
specimen resonance technique provide an indicat ion of 
grain size and di rect ional i ty . T h e first is seen as a sca t te r of 
velocities corresponding to successive harmonic resonance 
f requencies ; the second is indicated by a difference in Pois-
son's ra t io , <r, as obta ined f rom the dispersion of the sound 
veloci ty wi th f requency , <rd,sp, and as calculated f rom the 
measured longi tudinal th in rod veloci ty, i>o, and the shear 
veloci ty, vs. In our ear ly work a t Los Alamos (3) we used 
the resonance technique on a number of samples of differ-
en t metal lurgical h is tory (cold swaged and annealed a t 
600°C, Y-extruded, and cas t ) . Since all of the samples were 
qui te coarse-grained, the sound velocities obta ined f rom the 
var ious harmonic resonances sca t te red by ± 0 . 5 % f rom a 
smooth curve and no a t t e m p t was made t o derive <rdJSp. 
Lines 2 and 3 of Table I list the range of observed values and 
the best average values we proposed a t t h a t t ime. 

The agreement wi th the calcula ted numbers of R o t h m a n 
and Fisher (line 1) is surpris ingly good, ye t this work is 
not included in the i r comparison. Ins tead , they have se-
lected one s t rongly quenched sample ment ioned in my 
discussion of a paper by Reynolds (4). Reynolds used the 
pulse technique to observe longi tudinal infinite medium 
velocities, vL, and shear velocities. He corrected for ani-
so t ropy by measuring a cube along three or thogonal di-
rect ions. His samples had been subjec t t o a wa te r quench 
f rom the /3-phase. At the t ime of t he discussion the detai ls 
of t he quenching procedure were classified because of i ts 
use in producing meta l which would no t undergo dimen-
sional changes while in a reactor . Reynolds ' resul ts (line 4) 

1 Work performed under the auspices of t he U. S. Atomic 
Energy Commission. 
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were apprec iab ly below our earlier d a t a . T h e good agree-
men t for o ther meta ls e l iminated the likelihood of sys tem-
at ic exper imenta l errors . Addi t ional measurements (5) 
made a t Los Alamos using both resonance and pulse tech-
niques on cast and hot d rawn samples confirmed the earl ier 
work. Two cold-swaged and annealed samples were included 
for the i r pronounced direct ional proper t ies . The results on 
several " i m p u r e " fine-grained samples (line 5) differed no 
more t han could be ascribed to the i r difference in dens i ty . 
( " I m p u r e " was a circumlocution for t he then classified 1 and 
2 a t . % N b alloys.) However , we were also able to see 
values even lower t han Reynolds ' on a sample of water-
quenched u ran ium (line 6). We did no t profess to know how 
microcracks or s t ra ins could produce such large differences 
in wha t is essential ly a bulk p roper ty , and we cer ta inly 
did not claim t h a t this quenched specimen (which R o t h m a n 
and Fisher have selected f rom among all the others) was in 
any way typical for u ran ium. Quite to the con t ra ry , we 
speculated t h a t " i t might be possible to produce even larger 
differences by quenching th inner pieces (5)." 

Some addi t ional work was done dur ing the summer of 
1953 (6). This included two samples quenched f rom the 
phase (after 5 hr at 725°C) and subsequent ly annealed 2 hr 
a t 600°C (line 7) which had been sent to D r . E. R. J e t t e by 
Dr . F. Foote ; a-rolled samples, which, as expected, showed 
marked an iso t ropy; and a number of 2.5 and 5 a t . % Mo 
alloys. I t is in teres t ing to note t h a t anneal ing for 2 hr a t 
600°C removes the abnormal i ty produced by the 0-quench. 
Phenomenologically similar processes seem to occur in the 
Mo alloy where the cast and furnace-cooled sample (AC) is 
more or less normal (line 8), where the quenched (Q 700) 
sample has a very low veloci ty and modulus (line 9), and 
where the annealed sample (line 10) is again similar to the 
cast sample. 

R o t h m a n and Fisher also select some results obtained by 
Kammer , Vigness, and Cardinal (7) (line 11), who were 
furnished the i r specimens and par t ia l informat ion on 
metal lurgical h is tory and heat t r e a tmen t by the New York 
Office of the AEC. Unfor tuna te ly , i t is no longer possible to 
ascer ta in t he complete his tory of those samples. One group 
is described as " h e a t t r ea t ed a t 720°C for 70 seconds ," 
another as " h e a t t r ea t ed a t 600°C for 5 h o u r " (line 12). 
No th ing is said abou t the subsequent r a te of cooling and 
par t icular ly whether the heat t r e a tmen t was followed by 
a " l o n g " water quench or a " s h o r t " quench in to the high 
a-region around 600°C. Both quenches are known to pro-
duce randomly oriented a -u ran ium, bu t the l a t t e r in effect 
anneals the metal as well, in which case there would be no 
discrepancy a t all. 

In conclusion, I would like to res ta te t h a t there remains 
an unanswered question as to the na tu re of the changes 
produced in t he quenched and unannealed specimens. Al-
though the moduli are lowered, the u l t ima te tensile s t rength 
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is increased (8) both in uranium and in the U-Mo alloy. 
This would seem to rule out microcracks and indicate 
metastable alloys, possibly with impuri ty atoms. Clearly, it 
would require extensive analytical and metallurgical work 
to test this hypothesis. 
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FIG. 1. Experimental setup for 6-in. Pb + H 2 0 medium. 
W refers to small iron weights used to keep the detectors 
straight . 
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Attenuation of 14-Mev Neutrons in Water and 

in 6-ln. Lead and Water 

Caswell et al. (1) have measured the fast neutron dose 
from a 14.1 Mev source in water employing a proportional 
counter dosimeter. As a heavy element (e.g., Pb or Bi) is 
sometimes used immediately af ter the source of fast neu-
trons to improve the neutron shielding properties of water, 
experimental distributions of fast (above 1 Mev) and 
resonance (1.46 ev) neutron flux in 6-in. Pb + water and 
pure water media have been obtained. 

The experimental setup consisted of an aluminum tank 
(5 f t long, 3 f t wide, and 4 f t deep) filled with demineralized 
water as shown in Fig. 1. Neutrons of 14.1 Mev were ob-
tained from the H3(d,n)He4 reaction. The deuteron beam 
was accelerated to 200 kev in a Cockroft-Walton type ac-
celerator. The tr i t ium target (2.5 cm in diameter) was kept 
under 2 f t of water in a tank, as shown in Fig. 1. For this 
an extension consisting of a thin aluminum tube, 3.8 cm 
in diameter, was joined to the main acceleration tube. 
The extension tube was insulated from water by wrapping 
a thin alkathene sheet around the tube. The target was 
cooled by circulating cold water in-between the alkathene 
sheet and the aluminum tube. All the measurements were 
made along the length (5 f t side) at 90° to the incident deu-
teron beam, the target being 1 | f t from one end and 3£ f t 
from the other. In order to check whether the dimensions 
of the experimental tank were large enough, additional 
tanks (6 in. wide) were kept on either side of the main tank. 
No change in the response of In detectors, irradiated a t 
different distances, was noticed when the additional tanks 
were also present. For measurements in 6-in. Pb + H 2 0 
medium, Pb bricks were piled up next to the target tube to 

(CMS) 

FIG. 2. Log AR2 (in arbi tary units) as a function of dis-
tance R (in cm) in 6-in. Pb + H 2 0 medium. A Indium de-
tector (1.46 ev). O Phosphorous detector (above 1 Mev). 

form a wall of dimensions 6 in. thick by 3 f t wide and 4 f t 
high. 

Relative values of fast neutron flux were measured by ir-
radiating phosphorous threshold detectors (above 1 Mev) 
and counting /3-activity of the foils as described in an 
earlier paper (2). These foils were 2.5 cm X 2.5 cm in area 




