
3030 G R A H A 1'[, N A j) L E R, r\ X D C H :\ :-\ G 

TABLE III. The measured slopes of the stress dependences of the second-order clast ic constants for three independent sets of Ille." 
ments and the third-order clastic constanls determined from thelll . Tbe third-order elastic constant:; li s ted as "bes t" values Werl 
tained by comlJining all of the data, and the "best"-value slopes were then calculated from thelll . The relation numbl!rs refer l'J' 
relalions in order in Tables I - Ill. of HeL 26. 

Sample 1 Sample 1 
Relation No. Sample 2 before irradiation after irradiation 

+7.59±O.13 a (7.5621 ±O .13) 
2 +0.221±0.008 a (0 . 2235±0 . 006) 
3 +6.90±0.12 +6 .95±0 .32 (6.9456±0. 12) 
4 +0.8H±0.016 +0.837±0.00-l (0.8-l00±0 .004) 
5 +0.232±0.OO8 +0 . 222±0. 006 (0. 2235±0. 006) 
6 a a a 
7 a a a 
8 a a a 
9 small pos. +0.85±0.4 not meas. 

10 +0.856±0.013 +0.774±0 . 0~-l +0 . i67±0.016 
11 -0.4-16±0.042 -0.475±0 .OSO -0 . .J..t2±0.070 
12 smallncg. a a 
13 -2 .3.J±0.032 a a 
I-! +3.83±0.09 a a 
15 slllall pos. +1.2±0.7 not meas. 

16 -0.49±0.06 -0.S4±0.06 -0.502±0.032 
17 +3.20±0.Oi +3. I-hO .05 +3 . 26-~±0.016 

CIIl -25.630±O .33 h -25 . 683±O.66 -25. 736±O. 26 

CIl' - 11 .387±0.27 -11.389±0.60 - 11.355±0.24 
Cu. - ·L622±0 . .33 -4.7..J.6±0.65 -4.769±0.26 
C,,, -.3..l..J.·hO.1 1 -.3.500±0.13 -3 . .38~±0.17 
C'GG -1.677±0.06 - 1. 639±0.065 - 1.701±0.09 
C os + 1 . .360±0 . 16 + 1. 302±O .O-!-I + 1. 3S7±0.031 

C,,,+2C,,, --I8.40~±0.66 --l8.-l60±1.68 nol meas . 

C",+2Ct r.s - 6. 799±0 . 0·10 -6.779±0.030 not mcas. 

CIIl - C'~3 -21.008±0.16 -20 . 937±0 .O .. W not meas. 

Do The::.e \-aIUC:i coulu IlOt be determined bec3u o:c of the cry~tallographic orientation:: of the ::ample5. 
b The unit3 for all the third-order el a~tic COI1..;.tanb arc toe dyn,'cm~. 

"Resl" values 

+7 .5621 
+0.2235 
+6.9-~56 

+0 .8-100 
+0.2235 
+0.1138 
+1 .6082 
-0.4432 
+0.8891 
+0.8328 
-0.4432 
+0.1138 
-2 .3222 
+3.4871 
+ 1.4651 
-0.4929 
+3 .2379 

-25.6-!±O.25 
- 11. 40±0.25 
-4.67±0.25 
-.3.·B±0.10 

-1.677±0.05 
+ 1.366±O.05 
--l8..l5±0.66 
-6. 786±0.030 

- 20.967 ±O . 0-10 

for the \"alues of the three combinations of TOEC 
(Clld'" 2Cll~), (Cw + 2CI6G), and (Cm - Cln), \\"hich 
were considen:d to be exact within the limits of their 
uncertainties based entirely on the uncertainties in the 
values of /II " estimated pre\·iously. Of th e remaining 
uniaxial stress dat;), the data obtained using longitu­
dinal ultrasonic waves were ignored because of their 
very large uncertainties, and da ta for relations (6), 
(7), and (8) could not be obtained because the samples 

were not of the right crystallographic orientation. Th,' 
rcmaining relations, giyen in Tablc I, were then com 
bined with the three relations obtained from the hyd n. 
sta tic pressure data in such a manner as to obtain tli ,' 
best agreement with all the data taking into accOll nt 
their relative uncertainties. 

The da ta for the polycrystallinc samples wert' 

analyzed in a similar manner, again relying he;1\'il: 
on the hydrosla Lic pressure meaSll rel11enls. 

TABLE 1\'. The adiabatic second-order elastic constants of t \\"o polycrystalline columbium samples at 298°K. A density of 8.578 glen;' 
was used. The Yoigt-Reuss-Hill a\'erage of the single-crystal clastic constan ts is shown for comparison. 

Sample A Sample R Ca kula ted by 
elongated equiaxcd YRHapprox. from 

30X75 I-' grains 10 I-' grains single "tal datn 

Cll =A+2 I-' 10'2 dyn / cm2 2. 179±0.OO-! 2. 203±0. OO-! 2.2113 

C'2=A 10'2 dyn / cm2 1. 433±0. 006 1.-!S3±0.006 1. -l597 
C .. = I-' 10'2 dyn/cm' 0.373±0.001 0 .37S±0 .OOI 0 .37S8 
E 10'2 dyn/ cm' 1.0-!1 1.0-!8 1.0S0S 
G 10" dyn/ cm2 0.373 0.37S 0.3758 
K 10" dyn/ cm' 1.682 1.703 1.7102 
q - Poissun's ratio 0 .397 0.397 0.3977 
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