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THE DIFFRACTED X-RAY INTENSITY FROM ALTERNATE HCP AND FCC PLATELETS 

I 
I 

* Shelley D. Dahlgren 

Inorganic Materials Research Division, La\vrence Radiation 
; Department of Metallurgy, College of Engineering 

University of California, Berkeley, California 

ABSTRACT 

Laboratory 

A method for calculating the diffracted streak intensity from an 

alt~r~ate HCP-FCC platelet model is introduced. Distributions in the 

numbers of atomic layers making up the HCP and FCC platelets are con-

sidered. The method can thus be used to calculate the diffracted streak 

intensities from samples with randomly distributed stacking faults. 

The method was used to calculate the intensity of streaks found in 

an oscillation diffraction pattern from a partially transformed Cu-Si 

sample. Earlier work on Cu-Si alloys revealed an apparent asymmetry of 

broadened HCP spots in rotation diffraction patterns. The calculated 

intensity curve accounts for this apparent asymmetry. Contributions to 

the calculated intensity from pairs of atomic planes where one plane 

is in one phase and the other plane is in the other ~hase are significant 

when the plat~lets are thin. 

* Presently with Battelle Institute, Richland, Washington 

(''J 
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I. INTRODUCTION 

It was found
1 

that both a stacking-fault.model and a thin plate 

model failed to fully explain the streaked x-ray diffraction patterns 

from partially transformed Cu-4.84 wt.% Si samples. Specimens of this 

material vlhich had been quenched from 760°C were face-centered-cubic 

(FCC), and low temperature aging produced thin plates of a metastable 

hexagonal-close-packed (HCP) pliase which were coherent across close­

packed planes w·ith the FCC matrix, i.e., (00.2)HCP li(lll)Fcc· The 

stacking fault model correctly predicte(l the absence of streaks 

through h-k = 3n spots, '1-rhere n is any integer, when streak.s were 

present through h-k = 3n±l spots, but this theory also predicted thab 

the existing streak intensity maxima should shift in position as the 

fault probability increased. This latter effect was not observed. On 

the other hand, a thin crystallite model explained the observed broaden­

ing of both FCC and HCP spots but did not explain the absence of streaks 

through h-k = 3n spots. It was concluded1 that both stacking fault and 

particle size broadening were responsible for the streaks through 

h-k = 3n±l spots, and t;hat the h-k = 3n spots were always subject to the 

stacking fault model non-broadening conditions because the thin HCP 

plates were coherent across close-packed planes with the FCC matrix. It 

was also concluded that either stacking faults or thin FCC plates which 

were coherent with thin HCP plates could give rise to the observed 

streaking through the FCC spots. 

Ne.ither the stacking fault nor the thin crystallite theory could 

be used satisfactorily to calculate the observed intensity variation 

along the streal:s, thus calculations of the diffracted intensity from 
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an alternate HCP-FCC platelet model were indicated. The intensity equa­

tions developed previously
2

' 3 for the stacking fault case served as a 

basis for such calculations. 

IIo INTENSITY CALCULATIONS 

Layers of close-packed spheres ~an be combined in an ABCABC •.. 

sequence
4 

to form the FCC structure or in an ABABAB ••• sequence to form 

the HCP structure. An AB:::ABAPC se(]_ucnce indicates a stacking fault in 

FCC material. Likewise, FCC and HCP structures can be placed together 

conveniently by changing the stacking of layers from one sequence to the 

other, i.e., ABCABABA •••• The diffracted x-ray intensity from any such 

stacking distribution of close-packed atomic lc<.yers is given by
2

' 3 

lbkz = (l) 

when h-k == 3n+l and where K is a constant; 1fhk is the structure factor 

for a close-packed atomic layer; M is the number of atomic layers bebveen 

the layer being considered and an arbitrary M = 0 layer; PrvfO' PN+' and 

PM_ are, respectively, the probability that a layer M layers away from the 

M = 0 layer, 1) is not displaced (P~), 2) is displaced a fixed positive 

amount in the plane of the layer (PM+), or 3) is displaced the fixed nega­

tive amount in the plane of the layer (PM_). With the o+ -notation, an 

FCC structure is thus_ symbolized by o+- o+- ••• and an HCP structure by 

+++ 0 0 0 ••• , 0-0-0- ••• , or+-+-+- •••. Because every layer must be in a 

0, +, or - position, 

= l. (2) 

1/Jhk ·is zero except when h and k, 1·rhich a.re rhombohedr.<Jl-hexagonal Miller 
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a row of points in the reciprocal lattice where h and k are constant and 

z is the reciprocal lattice distance along the i'OvT. 

Equation (1) is for spots with h-k = 3n+l. The spots remaining to 

be considered are those with h-k = 3n and h-k = 3n-L The equations3 

involved in the development of Eq. (1) show that h-k = 3n spots are not 

broadened regardless of the specific distribution of atomic layers being 

considered. Spots with h-k = 3n need not be considered further because 

the-intensities along streaks are of interest in the present study. The 

diffracted intensity through spots with h-k = 3n-l are obtained by multi­

plying all of the sine terms in Eq. ( 1) by minus one. 3 'l'he cosine terms 

1 
in Eq. (1) give a curve which is symnetrical about z : 2' and the sine 

1 terms with z = 2 - a, where a is an arbitrary fraction, have the same 

1 
magnitude but the opposite sign to the same terms with z = 2 + a, so that 

changing the sign of the sine terms in Eq. (1) for spots with h..,.k = 3n-l 

amount.s to reversing the z coordinate of the "curve ·..rhich is calculated 

for h-k = 3n+l spots. In other words, the curve plotted from z = 0 to 

z = 1 for an h-k = 3n+l spot series has the same shape as the curve 

plotted from z = l to z = 0 for an h-k = 3n-l spot series. The curve 

from z = P to z = P + 1, where P is any integer, is identical to the 

curve from z = 0 to z = 1 for the same h and k because cos 2nM(P+z) = 

cos 2rrMz and sin 27TM(P+z) = sin 2n!viz. Thus, once Eq. (1) has been use.d 

to obtain the curve for Ihkz from z = 0 to z = 1 for h-k = 3n+l spots, 

the diffracted streak intensity throughout the entire reciprocal lattice 

is easily established. The rela~ionship of the intensity Ihkz and z to 

the combined· HCP-FCC streaked reciprocal lattice is shmm in Fig. 1 f:>r 

the case where (00.2)HcPII(_lll)FCC and (ll.O)HCP\I(2q2)Fcc· 
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The distribution of close-packed atomic layers for the stacking fault 

model differs from the distribution for the alternate HCP:-FCC platelet 

model. The probabilities PMo' PM+' and PM- are therefore different for 

the two models and these probabilities must be assembled for the platelet 

model in order to use Eq. (1) for calculating the diffracted intensity. 

Assume first that all HCP platelets consist of the same number (NH) of 

close-packed atomic layers, i.e., NH = c
1

, and that all FCC platelets also 

poss~s.s a constant nillnber (NF) o'f atomic layers, i.e., NF = c2 , where c
1 

and c
2 

are constants. The boundaries beh1een close-packed HCP and FCC 

phases are not sharp, and it is necessary to define a boundary in order to 

rigorously establish the values of NH and NF for individual platelets. 

Take the defined batmdary as the solid line in Fig. 2 where the upper dashed 

line is above the last identifiable HCP material and the lower dashed line 

is below the last identifiable FCC material. The solid boundary line thus 

is taken intermediate to the two dashed lines. All boundaries encountered 

._,in the present work can be defined safely in this way although stacking 

sequences do exist, e. g., a twin-boundary, for which this definition is 

not satisfactory. With this definition in mind, the specific probabilities;, 

PMP, PM+ and PM- can be established for the alternate platelet model. 

It is a certainty that any atomic.layer in the alternate platelet 

model is not displaced from itself. Therefore, when M = o, P o = 1 and 
. . M 

PM+ = PM- = 0. Adjacent layers must be displaced relative to each other 

to be close-packed so that when M ~ 1, PMo = 0 and PM+ + P!'-C = 1.. The 

relative weights given to PM+ and PM- can be evaluated by considering 

whether the M = 0 layer was chosen in an HCP platelet or an FCC platelet. 
NH 

The probability that it·was chosen in HCP material is N +N • However, 
H F 

an HCP platelet can have a 0-0-0- ••• or a 0+0+0+ ••• seq_uence of layers, 

and both are equally likely. The probability that the zero layer was 
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chosen in HCP material with 0-0-0- .•• stacking is thus 

~l = (3) 

The 0-0-0- •.. stacking sequence·is designated by the heavy black line 

and the title, route 1, in the chart of Fig. 3. The superscript in ~l 

gives the route number of interest and the subscript designates the specific 

value of M under consideration.~ The probability of follOiving the o+o+o+ .•• 

stacking sequence, or route 2 in Fig. 3, is 

2p l 
N H = 2 NH+NF 

.• l 
( 4) 

Similarly, the probability that the H = 0 layer was taken in FCC material 

(or that route 3 is followed in Fig. 3) is 

::: (5) 

+ + . Only the 0 - 0 - ••• sequence of planes is allovred for FCC material 

because the FCC crystal started with is fixed in orientation and trans-

forms to the HCP structure, not to the ·'twinned FCC structure. These ari:= 

;the onqchoices for first near neighbors so that When M == 1, PM+ equals 

the sum of the probabilities for following routes 2 and 3 and PM_ is 

given by the probability for following route 1. 

If theM:::: 0 plane was taken in HCP material with 0-0-0- .•• stacking,. 

route 1 will be followed with increasing M until a phase boundary is 

reached, and then an FCC sequence will be followed. No change from route 

1 is possible when M = 2 because the twinned orientation FCC structure 

would result. A consequence of not allovri:ng the hrin orientation is that 

NH must alvmys be an even numb2r. Hhen H = 3, it is possible to form the 
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proper FCC structure. The likelihood that it will form depends on where 

the M = 0 layer :~.as picked in the HCP structure. There are ~ NH possible 

l 
choic~s of the M = 0 layerJ where the 2 appears because only half of the 

i 
I 

total number of HCP planes that could be picked lead to the proper FCC 

structure. The other half lead to the non-allov1ed twin FCC structure. To 

get the total probability that the FCC structure is going to be formed 

. from the 0-0-0-... HCP structu.re when M = 31 the probability that route· 1 

is ·followed through M = 2 is multiplied by the probability that the M = 0 

layer was selected as the second atomic layer from the boundary in the HCP 

phase. This latter probability is 
1
; • Thus, the total probability of 
.H 

going over to the FCC structure vi hen M = 31 i.e. , of following route la in 

Fig. 3, is 

1 
= N-+N 

H F 
(6) 

where the superscript in 1P gives the route number and the subscript a 

designates the offshoot to the route. The specific probability of 

2 
remaining in HCP material when M = 3 is 1 - - so that the total probability 

NH 

of staying on route 1 when M = 3 is, 

1 ( 2 1 ( NH ) 1 NH-
2 

p3 = l .., -N ) (2-) T\·r +N = 2- N N 
H ~'H F H+ F 

(7) 

No change in structure occurs when M = 4 but when M = 5 a change is 

possible. The probability of change is the probability that the M = 0 

layer was picked four layers froni the boundary out of the remaining 

(NH-2) layers, and this probability 

bility of following route lb when M 

. 2 
~s (N -2) • 

H 2 
=:= 5 is N _2 

H 
or the same probability as found for following route la. Similar 

concli t:i.ons arise when M :::: 7, 9, 11, etc. 1 and a regular pattern of terms 

ap[JeCI.r along route 1 and route:> la, lb, lc ••. etc, as shown in Fig. 3. 
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Th:= total probability that route 1 (Fig. 3 Y is follmved J.s given by the 

general term 

~M = (8) 

where ~ ne'N probability appears at every second value of M, i.e., only 

when M is odd. The probability of following any one of the offshoot FCC 

sequences, la, lb, lc? ••• , is always NH~NF • 

. Similar reasoning yields the total probabilities for following route 

2, Fig. 3, except that the general term for this case is 

= (9) 

.and the probability changes only when M is even. The probability for 

following any one of the offshoot sequences 2a, 2b, 2c, ••. , is again 

1 
N +N • 

H F 
Route 3 is slightly different in that a change of structure can occur 

for any value of M because all combinations of HCP stacking are allowed. 

The general term for route 3 is 

= ' 
(10) 

and the probability changes with each new value of M. The probability 

1 for change to any one of the offshoots from route 3 is The Np-(M-3) • 

total probability of followj.ng any one of the offshoots 3a, 3b, 3c, ••• , 

is given by the product of the probability for change times the pro-

3 1 bability of following route 3 up to this change, thus P ••• = • a, b, c N11+NJ.<' · 

The process of eva.luat:i,ng PM0 ' PM+ and PM_ becomes one of deter-

mining the probabilities along the three routes and their offshoots, then,· 
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separately adding together those that lead to O's,+ 's, and- 's for each 

M. This process is continued until H is equal to or greater than the 

larger of NH and NF. Unless both NH and NF are very small ( < 10), the 

proba.biliti.es Pw:>, PM+' and PM_ will all be near to one-third lvhen Jv1 

becomes greater than the larger of NH and NF. Equation (1) shm-rs that 

there is little intensity contribution vlhen the probabilities PM
0

' PW 

and PM_ are all near one-third. Thus consideration of probabilities for 

M greater than the larger of NH and NF leads to little change in the 

calculated intensity. 

It is evident that the probabilities for follmling routes 1, 2, and 

3 become zero when M = NH + 1, M = NH + 2, and M = NF + 2, respectively • 

Thus these routes cease to exist forM's larger than those designated 

above, and the general terms no longer give the correct probabilities. 

This does not createa great problem when NH and NF are constant, but when 

distributions in NH and NF are considered, the general terms must be 

corrected to avoid adding negative probabilities. The following dis-

cussion deals with the effects of such distributions :in platelet sizes. 

It was assumed in the above discussion, that both NH and NF were 

constant. This is not likely to be true for systems encountered in 

practice, and distributions in the numbers of atomic planes making up 

each phase must ·be considered. If the probability that an HCP platelet 

consists of exactly NH atom~c layers is PNH' then the probability of 

randomly picking an M = 0 atomic layer in an HCP platelet consisting 

specifically of NH layers is 

. CX) 

P~-.N + Z P · N 
NKH N-ONFF 

F-

= (11) 
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. .-:.:. 

Here PNF is the probability that an FCC platelet consists specifically of 

NF atomic layers;. and NH andNF are the average number of atomic layers 
i 

maki~ up HCP and FCC platelets, respectively. The probability that the 

M = 0 layer is picked in an HCP platelet >'lith exactly NH atomic layers 

and with 0-0-0- ••• stacking is thus 

(12) 

The specific probability for a change to FCC stacking when M = 3 is the 

2 . 
same as before, i.e., N' thus the overall probability for follm'ling the 

H 
first FCC offshoot (identical to following route la in Fig. 3) is 

(13) 

Similarly, the probability for continuing in HCP material with the above 

stacking when M = 3 is 

= (14) 

A chart similar to the one in Fig. 3 can be constructed as before for all 

M's; however, a separate chart is needed for each specific NH if the 

above procedure is followed. Because these charts have the same o, +, and 

- sequences, the individual probabilities can be summed and placed on one 

chart. Thus, when M = 1, the total probability for being on route 1 is 
00 

L:: PmfH 
lp = 1 NH=O 1 NH 

(15) 2 = 2 •1 
N· + N NH + NF H F 

L1kewi:3e, \vhen 1-1 = 2 or mor•2, each of the probabilities can be stunmed 

throuc;h use of a .general term. As stated previously, however, the general 
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term will include ummntr::d negative terms when M > NH+ 1. Therefore these 

negative terms are subtracted, and the general term for following route 

1 becomes 

~M == 

{ 
~1 } ~ PNffi [NH- (M-1)] - ~ PNH[NH- (M-1) J 

- NH==O . NH==O r (16) 

It .is apparent that 

(17) 

In summing the offshoot branches, it must be recognized that no new 

offshoots are f~1med when m - 1 > NH" When M == 3, each platelet size will 

contribute an offshoot, and the total overall probability that the first 

offshoot will occur is 

1 (18) ::: 

All but the platelets with NH= 2 will contribute an offshoot when M = 5, 

thus the total probability for this offshoot is 

~b = (19) 

Consequently the general term for offshoots of route 1 is 
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. co 

~. . a,o,c ••• 

2: PNH N . 
H=M-1 = -----= 
NH + NF 

(20) 

The w.lue of H used in Eq. (20) is the 1m-rest M in the offshoot of interest, 

e.g., for ~b' M = 5. The general term for follovring route 1 in a chart 

equivalent to the one in Fig. 3 is given by Eq. (16) and the general term 

for each Of the offshoots of route 1 is given by. Eq. (20). Similar· 

equations can be derived by the same method for routes 2 and 3. The 

general term for route 2 is 

and the general term for offshoots of route 2 is · 

2 
pb a, , c, ••• = 

00 

2: PNH 
NH=M .. 2 

= 

NH + NF 

The general term for route 3 is 

z 
N 

F==O 

P [N - (-M-2)] -
NF F 

M-4 
1 - 2: PNH 

.NH=O 

M~2 

2: PNF[NF-(M-2)] 

NF=O 

and the general term for offshoots of route 3 is 

3p 
a,b,c, ••• 

' 
(21) 

(22) 

, (23) 

(24) 
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One last issue must be considered before the specific probabilities 

can be a::;selnbled'·for any given set of data. Once an offshoot of any 

routd is started, there is a probability of returning to the original 
I . 

structure Hhich is dependent on the number of atomic layers in the off-

shoot. The specific probability for this change is equal to the probability 

that the offshoot phase has the number of atomic planes in it equal to the 

n~mber of atomic layers in the offshoot. This effect is of secondary 

importance and can be neglected when NH and NF are more likely to be 

large ( > 10) than small. The summing of the o, +, and - probabilities 

for each M on all routes and offshoots is accomplished as described pre-

viously for the case where NH and NF were constant. 

III. DISCUSSION 

The above development is specifically for an FCC crystal vrhich is 

in the process of transforming to the HCP phase, although similar schemes 

can be devised to determine the probabilities for any distribution of 

close-packed atomic layers. The scheme developed here for the FCC ~ HCP 

case will duplicate the analysis for randomly distributed stacking 

faults3 if NH = 2 and an appropriate distribution of values is given to 

NF. Intensity calculations were limited in the present·investigation to 

the case of interest for a Cu-4.84% Si alloy. 

Figure 4 is a portion of a 15° oscillation diffraction pattern from 

a sample of Cu-4.84% Si which had been quenched from 760°C in water and 

aged 8 hours at 325°C. (The experimental procedure is given in Ref. 1.) 

Each of the tHo major streak and spot series in Fig. 4 is from a different. 

set of hexagonal plates which are parallel to separate FCC octahedral 
( 

planes. Each of these streaks starts a.t a 20.0 hexagonal spot ( cf. Fig. 1) 
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and ends near 20.3 HCP. Thus, these streaks pass through h-k = 3n-l spots. 

Estimates of NH and N:F, for the sample dtscussed above, and a_ method 

of dealing \vi th the distributions in NH and NF are required before the 

alternate platelet model can be used to calculate the intensity along 

the streaks in Fig. 4. The distribution problem will be considered first. 

If there is a small distribution in platelet sizes around the average, 

and the average is reasonably large (NH' NF, > 10), then the subtracted 

te:t'Ill£ in Eqs. ( 16), ( 21), and ( 23) will be negligible until H is a.pproxL-

mately equal to the number of atomic layers in the average platelet. The 

total probability for following any of the routes is already small when 

M is of this magnitude, thus consideration of the subtracted terms has 

little effect on P~, PM+' and PM_ for the assumed conditionso Neglecting 

the subtracted terms in Eq. (16), and subs.tituting Eq •. (17) into Eq. (16) 

yields 

r"" 1 NH - (M - 1) 
2 (25) 

Equation (25) is very similar to Eq. (8). Like\vise Eqs. (9) and (10) 

approximate the required probabilities for following routes 2 and 3 if 

NH and NF are replaced by their average values in these equations. 

The offshoot probabilities [Eqs. (20), (22), and (24)] also do not 

change greatly until M is large when the distribution in platelet sizes 

is smali, and only e. few offshoot probabilities are affected because of 

the small distribution. Each individual offshoot contributes very little 

1 
to PMO' P~, and PM_ so that N + N can be used for all offshoots up to 

H F 
M equal to the average number of atomic layers in the platelet without in-

traducing an appreciable error in the calculated intensity. 
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Vlithout prior knovrledge of the distributions in NH and NF' it Has 

assurned that the samples. dealt Hith in the present study bad only a small 

distribution in platelet sizes around average. Thus average values of 

NH and NF were used in Eq. (25) and in Eqs. (9) and (10) for the present 

1 
calculations. The offshoot probabilities were taken to be 

NH+ NF • 

sample used for the x-ray pattern in Fig. 4 was first estimated from 

The 

particle size broadening theory .to have NH = 100 and NF = 300. The 

intensity vs reciprocal lattice distance(z)calculated using these values 

of NH and NF is given by the dashed line in Fig. 5. It >vas apparent that 

these values of NH and NF were too large for a good comparison of the 

calculated intensity 'with the streak intensity in Fig. 4. NH ~ 10 and 

NF = 30 were then selected for a second trial and the curve calculated 

using these values is given by the solid line in Fig. 5. This curve is 

in much better agreement >'lith the streak intensity in Fig. 4. 

The calculated curves show that hexagonal spots i'rith odd £ Miller 

indices have a greater intensity than those with even £ indices as shown 

in the diffraction pattern of Fig. 4. Secondly, both the solid line in 

Fig. 5 and the diffraction pattern in Fig. 4 show an overlapping of the 

broadened odd £ HCP spots vlith the FCC spots in their immediate vicinity, 

giving the appearance of having HCP spots shifted tmvard FCC spots. The 

maximum calculated intensity for the 20.1 spot (solid line, Fig. 5) 

appears at z = ~' but the weighted average intensity for the 20.1 spot 

definitely is shifted toi'rard the 2'22 FCC spot. The eye sees the weighted 

average and thus HCP spots appear shifted in rotation and oscillation 

diffraction patterns. A good example of HC:P spots appearing shifted 

tmrard FCC spots is evident in Fig. 3c through 7d in Ref. 1. A discussion 

of these spots i~; found under the sub-title "Apparent Streak Asyrmnetry" 

in that paper. 
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The contribution of terms from the offshoots are due to interactions 

of atomic planes bet¥Jeen phases, and these i~ere SU1l1'11ed separately for the 
·.-:·: 

case ',where NH = 10 and NF = 30. These terms contribute as much as 4o% of 
! . 

the i
1

ntensity to the streaked portion of the pattern and actually sub-

tract some from the main HCP and FCC peak intensities. The intensity 

contributed by these terms is given by the dotted line in Fig. 5. 

Attempts to explain the observed intensity variation through thin plate 

ana:lysis of each phase separately, thus are not justified. The use of two 

reciprocal lattic.es, one for each thin phase, does not give the req_uired 

intensity distribut1on nor does it explain the absence of streaks through 

h-k = 3n spots. 
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Fig. 1 The combined FCC-HCP reciprocal lattices. The inten­
sity ~k, vs distance in the reciprocal lattice is 
shown sch~matically for h-k = 3n+l and h-k = 3n-l 
spot-streak series. Hexagonal and FCC Miller indices 
are given by hk·l and hkl, respectively. Small open 
circles indicate FCC lattice posittons. 
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F~g. 2 Diagram to describe the defined phase boundary for the 
alternate HCP-FCC platelet model. 
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s N, 
P•--+'\,+N, 

3 

+ 0 

MU 8·12497 

. Fig. 3 The total probability for finding atomic layers M layers away 
from an arbitrary zero layer hori.zontally displaced 1) no 
direction, 2) in the plus d.trection, or 5) in the mlnus direc­
tion from the .zero layer. Routes 1 and 2 take into account the 
spacial relation3hips for hexagonal stacking of atomic planes, 
whereas route 3 is for FCC stacking. Offshoot routes la,b,c ••• 1 

2a,b 1 c 1 ••• , and )a,b,c, .•• 1 account for the spaci!!.l relativn­
ships of atomic planes in one phase to a zero layer found in 
the other phase. 
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Fig. 4. A portion of a 15 o oscillation diffraction patt e rn from a 
Cu-4.84 wt. o/o Si sample which had been quenched from 760° C 
and aged 8 hours at 3Z5°C. HCP and FCC spot positions are 
indicated by Miller indices hk • 1 and hkl, respectively. 
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Fig. 5 The calculated intensity vs distunce in the re­

ciprocal lattice for NH = 100, NF = 300 (dashed 

curve, and NH = 10 1 NF == 30 (solid curve). The 

dotted cu~·ve vias obtai.ned by sunuid.ng separately 

the terms originating from routes la,b,c, •.• , 

2a,b,c,.." and 3a,b,c, .... (cf. Fig. 3). 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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