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Figure 1 - Schematic digram for optical diffraction analysis. The 

output     are the tranSf0rm 'SPectrum) and the mtered 
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hardware for strain Page work (details in Figure 1? 
c; rock slice set-up details in Figure 10)- d) third- 
part londing set-up; e) biaxial set-up! 

Figure 7 - ^ ^^ uwd for preparing cylindrical specimens. 

'est cvund'r  L ^T  ^^ COre fr0m la^e conc-te test cylinder. Base clamp is designed to hold 
irregular specimens. 

Figure 8 - Uniaxial set-up with photographic equipment for recordinc 
surface fabric during loading. recording 

Figure 9 - Sample test results from uniaxial loading as shown in 

Figure 10-Rock slice set-up, cantilever loading. Rock slice Is 
cemented to loaded aluminum beam. Sic and beam to 
right support dummy gaKe for temperature compensation. 

durlrio^inr"1^^ ^^ SliCe reC0^ Z^ ^ric 

figure 11-.train „nge circuitry for rock slice test using the 
cantilever loading assembly. 

Figure IP-Electrical hardware for strain gage work. Pro. left 

,;nJc
g VC  at0r Uriit' Stacked «etching and balancing units, quick-connect junction box. ««cing 

Figure 13- sample test results from cantilever loading as shown in 
figure 10, using Instrumentation of Figures 11 and 1?. 
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T
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'ome fractures in ^a^/f^r*^617 in Fi^e ?l' 

extended iH)      rTew f?^ haVe WJdened and/ür 

Kig-e PI -  Loading^curve Tor the deformation series  lllustratea  in 

Figure ?P 
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Hgurt P3 - holographs shovine unlwUl detoriwitlon of • ^^ 
reetarwilar pri«, of Te.mesaee manle.    M^nincntlon 
• lx.    fCo-irteny of Dr.   -yd Penr, U.R. I.H.) ^.p,, 

rfeur« ?'. - corrected «tres./atraln cu-ve generated during the 
Je-ormntlon experln»'.t plcttu-td in Figure ?1. 

•oirtwy of Or. nyd Heng. „.«. ,.MJ    ^„^ n   , 
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TECHNICAL RErORT SUMWtt 

The purpoeea of thia nrclaet «»« fi\ * 
»ultes of genetically rö«Sd rS^JJfilj """^^f* nnd ^relate fabrics of 

Sooe alnor Chans'*» ar* »»««IM^ «    ■ 
for the trannfono-n^ping l^Von     ***** ^ tcc^^ for amounting inputs 

recorJiSl^^^^ %***** of spatial filter, concerns the 
techniques on which we a?c v^Sm   ^eSe Ch0Uid ylel<i t0 ****!*S*£L**B 
-capahilit, in **££^^ 

been record on P^t^aphic^l^^r? ******* in the laboratory have 

in Pigures 16-25. '    '    fca"P^i of the^e reaulti are given 

ttcn the results obtained so far    i* 
irequencies accoapanles uZ^touLtL**?! that a d^rease in sratial *«. -a-u, o. t.n,lra ^^rrioo^-Ä^ Xos"" 



that is „n.l.t.n? ^^^^"/«Ä^"* t0 ' ^^^ **&, 

0»prtUltt«» for our needTof «wS^»™ "»chanlcs Uboratory, in eviduating 
ducing a wwe variety "apaUalmt«»   in ^0^ePhlC mt«1^. 1» Pro- 
for mapping tranaforms, in "hlevlnitow^M       S"8 f? •««"« Prcceaure 
«nothar (paving the ww f« li«Urtnf JfK^i tÄ«10'1 0f 0°e t'*tt* f'-« 
fabrics in a dtfornation series)   ta^r^M^f       "«erences between rock 
coherent light of a m«iu^ Ä U^JStSh ^f"55 Wlth the »«"•Uy 
optics, and in achievdng blgb ÄitTre^^vfl^^Ä^^ 

the c^ticai diffrac??on labor""y     ?n?.L^?^ V™*"'* of these data in 

be caiibrated and our hoarAubJAXS^r^lr^^T "i11 

be th^u^^aKd^iTSnZf^ ^ 0PU0'a «"^"on anaiysis wiu 
to biaxia? Sd triaJiS Sf^o^rÄ." ""^   "^ KiU be «^^ 

the p^ecl Z ^'^TvZfTt Ta^S 'T^ ^ the al- °f 

facilities are adeauat^ fC fL *    u   \ constituent.    Personnel and 
follow will^ollowqthrgenLa5 dir^JiS^Vv,^6 fireCtion 0f the wo^ to was undertaken. S di"ction of the original plans when the project 



Ifitrojuction 

1.1 Purpoaes and Obj«ctlv. of tt» Prt^mt* 

(a)    t0   ^veiop capabilities of optical diffr«f>f^n ,     • compare and corrplnf«  o,.««...    *.    pi'-Lt-'-u- aiirractlon analysis  to 
andTb) to contribute to Si li^T^ related  rock ^ics. 
rock Ucrormation b^ qu'ntllvir^h    "''^ 0f' th'   ™^^ oV 
to other deformation'plr^eS.     ^^ ^"^ and rcl&ti"^ t^- 

of many kinds of data is to h= ^o   •     . ?    continuing collection 
techniques bei^ SvJloLl wm^^f^'v  ^ 0ptiCal a"^ytical 
such as resour^f studiefusTL.      pllcable to other fields, 
maps,  and the like      mimat^v TM' 

SenSing'   analysls  of co"tour 
more effective desLn^f^f'      iS WOrk Should  contribute to 
efficient ^llToTttLZTsT" ^ ^ and 0f ^ ^ ™™ 

The component objectives of the study are as follows: 

To develop a system of standardized f^hri^ «„4.+. 

ZltllT^,vith which --- -put^^^^^ 

r^or^^t^ne^^^^ f^ ^e, 
deformation history.     '     0 relate thls index to 

(e) dTLds in r^ s
f^rtTrelty for diff—t 

tropy measures base^ on cUrectl^nal ^r^ ^ aniS0- 
behavior in the same specimen! differ^ceS  in physical 

To compare fabrics  in e;xDerimpnt«Ti v ^^ 
in several selected equivalent rocÄ thlt'TJ/T**/^ th0" conditions. Ks  that  failed under  field 

mechanic^rbet^Suld^e^d to^^f ^ betWeen f^ic -d behavior in enRineerlnTftLi!?? accurate prediction of rock 
standing of tTreasoS T/tlt**  ^ P0SSibly t0 a bett- ^der- 
in sitztest properties. * dlSCrePanci^ between laboratory and 

(a) 

(b) 

(c) 

(d) 

if) 



1,2 - Background 

The feasibility of characterizing two-dimensional displays 
through their Fourier amplitude transforms has been well established. 
Likewise, the study of such displays by spatial filtering has also 
been shown to be practical. Whether the display be photomicrograph 
or satellite photograph, infra-red or x-ray photograph, contour map 
or camera lucida drawing, it is practical to depict its spatial 
frequency makeup by means of Fourier optics. 

Beyond the analysis of single displays or inputs are the com- 
parison and analysis of sets of inputs, such as photographs and 
photomicrographs of suites of like rock specimens that have been 
deformed under progressively higher loads. 

In recent years many data have become available on the mechanical 
behavior of rocks. It has become eminently clear that for all but 
very few rocks the classical models of Isotropie, homogeneous, ideally 
elastic bodies are not valid.  In the attempt to explain rationally 
the complex mechanical behavior of rocks, increasing attention has 
been given to identifying relationships between fabric and mechanical 
behavior. 

Many fabric studies performed to date have yielded results 
• achieved only after very tedious work. Some analytical fabric 
studies include a subjective element that renders Impractical the 
pooling of results based on work by different operators. We are 
concerned with developing the means to characterize deformation 
fabrics more objectively and efficiently. 

The experimental techniques required to produce deformation 
suites of rocks for this study are well established, r.tandard 
uniaxial loading and cantilever and third-part loading of rock 
slices cemented to aluminum beams provide input data. Biaxial 
and triaxial loading will come in more advanced stages of the work. 

The optical diffraction method used in this project is based 
on work in 1ÖY3 by Abbe. With the appearance of the laser in i960, 
it became practical to use this method for optical data procesr.ing. 

The basic technique used is spectral analysis of the input's 
spatial frequency content by optical diffraction. Figures 1-5 
summarize the technique. The input is a reduced transparency that 
functions as a diffraction grating with unknown spatial properties. 
The source of illumination has precisely known spectral properties, 
i.e., it radiates coherent monochromatic light. The resulting 
difiraction pattern is the two-dimensional Fourier amplitude trans- 
form of the input image. This transform is a graph of the distri- 
bution of orientations and spacings of the elements in the input. 

With additional optic- the input image can be reconstructed 
from the light rays thf.t form the diffraction pattern. A filtered, 
reconstructed image can be formed by blocking out some of the light 
rays in the plnne of the transform. Such filtering can be used to 



cZZVfTT aliRnraents in ^ input no that obscure  features 

rock-'Tra ^LiriKiHrfr'lCti0n P»**«'«*.  orientation fabrics  in 
d^ct?«0        f 3crf^d»  reRardless of scale,   in terms of spacing Uirectionr., elongationa, and symmetries. -pacing.., 

the nit ih«^80rP08Sible t0 Subtract o™ input  from another to show 

SSSSr RF-----" —=c 
with slight modifications of the optical system used for the 
operations described above. 

.nH Jh0 0J)"c;,1 P**'* or this Project has required both experimental 

• Itaipment.    ..erics of fabric inputs  from deformation experiments 
i^.Ti08 0f nftificiQl in^ have provided the  ma n'kLds o?' input data operated on so far. 

1.3 - Msiwj^ions_jwdJLijidjtations 

are cJitW^ J^^P"«" underling the entire project is that there 
are critical fabric changes related to mechanical behavior and that 

S2 S ^ V.iSible Within the ran«e <>< "^nificaUons feas ble 
cirolW Jhirth"! ^ ^i'    Related t0 thisTlsumption is the corollary that the means for recording the fabric changes    v±l 

?Wen
sLT1HPh0t0graPhy' PhotoB-phy of specimens Äd with' 

fluorescent dye penetrants. and photography of acetate peel 

are rS.^! ^ indiCate that thiS aSS^tion a"d  ^s  corollary 

here i.^^Sf*i?!""* in the 0ptical dlffraction method used 
rlrl   Jh^l!J      T18 are ^o-di^nsional.     It is assumed,  there- 
iclnt in Ph^    .Ca? ?e Seen 0n the fiurfaces of specimens is'signlf- 
UTti    Cha5acterizing and explaining the deformation.    This factor 
hHS not posed any problemr as yet. iactor 

I~A Kn0tKGr limitation is ^at the observation of specimens under 
i™ '^hiirthif r   f? fff0rniati0n experiments without coaling 
s^ ^'.n^    ^ limitation imposes  a constraint on generalizing 
e^ential ^n fn ,U"COnfin^ loadi^ experiments are indeed an * 
essential step in this work.    Fabrics of triaxially loaded specimen- 

fil w   St?di!? later'  alth0Ußh the fabrics viH Probably be record^ following loading,   not during loading. recorded 
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2«      Methods of Analysis 

2.1 - Introduction 

Amendlx r    VTT    VTTT      nZ        sheets for this work are shown in 

of^ha optical TO" 'mr   tei'18 StUdied a"d the ^-"^ '"«. 

bacoias qualltativa    Ld suSl^"^?" ^ 0I,tlCal "^^n 
«appi^ „a n« aSmcaTtShM^ '«^aiquas such as transform 
(Sect.  2.2) bacoLSfStiva      *"" SU     " hol^aPhi= «ubtractlon 

2.2 - Optical Analysis 

Photographic Operations 

and clean outputl ^h'l» „olse"fv^s      ^ 00',SiStent lnpUtS- 

produclf "inTSe3 slandar/i10"/"^801"8 ^^«tion „ere 
and vcra thaf recorded n^tir^-"'?,',eSOribM in A^ni'-' CXV, 
polarizers  (Sect!"!?). ^    '^ sandwiched between crossed 

the tSZtZ U^Vr?trT£'' ^ t0 "-'ä ^« =>"'• 
11     i-^fl^gtilffj^S^0-^^-    The teleMcroscope, 

zoom lens and a Sch Md lo^b 1°       U 0f ^""-Sömm Niktor 
and 10X ocniar.    ^TC^uZlZT^11^117 



uning this arrangement. The minimum working distance Is 
about 1.2 meters, ty focusing on mllilaster coordinate 
paper the following measurements have been recorded: 

focal length(mm) reduction magnification field of vlew(mm) 

«0 51 

2) 

50 20.0 3 l»5 
60 17.5 3.8 39 
70 15.0 k,k 32 
86 n.O 5.5 26 

Macrophotomraphy using a bellows. 50ma-55a» lens and a 35n 
öiS^amera. Minolta Technical BulleilnE lists data on 
working distances (76am to 36BB), magnifications (1.0 to 3.2) 
and fields of view (PUx36mm to 7.1xU.la«). If a different 
focal length lens is used the range of working distances 
changes but not the possible magnifications nor the possible 
fields of view, providing the bellows Is long enough. 

3)  35mm photomicrography. Equipment consists of a standard 
nucroscope tube with an objective/ocular combination givii« 
9X magnification. The tube is strapped to a movable track 
rented on a tripod. 

To date macrophotography, i.e., 2) above, has yielded the 
most consistent results. Technical problems encountered and 
future plans on the production of input data are presented In this 
report in Sections U and 6 respectively. 

A standard photograph identification code (Appendix C-V) has 
been established. This allows ready reference between the original 
rock sample and the final optical output. When used in conjunction 
with the rock orientation code (Appendix C-IV) and the data logs 
(Appendix C-I, II, III) an experiment can be replicated quite 

Ranges of Inputs 

In addition to processing rock fabric data, we have also 
experimented with optical diffraction analysis of a) closed con- 
tours, b) aerial photographs, c) groups of discrete particles of 
diverse shapes and size distributions, and d) some idealised 
inputs. Some of the idealized inputs and contour maps have been 
used for holographic subtraction, covered Inter In this section. 
All four types of inputs have been analyzed not only because of 
their geometric kinship to some rock fabrics, but also because 
they provide very instructive reference transforms and because 
they can be used very effectively as test Inputs for the analysis 
«nd improvement of optical procedures such as spatial filtering 



Filtering 

Spatial filtering, which has been discussed in Sec 1 ? 
is shown schematically in Figure 1 of this report and ^ 

epor "Ime^1^^ ' ^ 3 0f ™  -^--1*^^ report. Filters can be produced in a variety of tv™.-? 

Ä1«^^ we have utilized both ^- - 
latedTvLf!hrr.COnf.1SS0f ?inary (i-e-' 0Pa^e) an* si^- lated variable density (variable transmission) filters which 
IlfTr* 0\lhe "^ftud9 of ^ light in the diffracuon 
?n A      './^ amPlitude fil^rs we have on hand are listed 

spa^lli1^^1 (Se^! ^ ~d al'OSt a11 0f ^ ^ 

Directional band pass and rejection spatial fUterine 
are well-e^tablished procedures (Bobrin, Ingalls, and Long, 
1965;. In order to evaluate possible distortion of 
directionally filtered images, the spatially filtered image 
?Ll8vT<inpUt rS placed as an overlay on an unfiltered 
image of like scale. Also, the negatives of filtered 
images with differing pass directions were stacked in order 
zo  see if the whole image would be reconstructed. This 
technique showed that some noise was added in the form of 
wecge-edge diffraction, i.e., diffraction by the edges of 

negHgible    ^    ^ distortion of the i^ge was 

A-^t, Fr?q^ency  altering can now be accomplished effectively 
Although frequency filtering has not been investigated by us* 
as thoroughly as directional filtering, a stacking exper- 
iment similar to that mentioned in the previous paragraph^ 

ing results      ' ^ ^^ performed with ^ry enSag- 

In addition, filters have been produced in the form of 
BronSJ L ?nSfo^ and hol^aphic reconstructed images 
.Bromley, et al, 1971). Because these filters are actually 
records of wavefront information they operate on both the 
a.plxtude and phase of the light passing through them. 

T^nJf 0r^ti0?uiS.related t0 l0catio^ of the diffracting e-ements within the input plane. This allows us to use 

-h^.^ ^ \CufilterS for the ^^raction of one input 
.hat represents the difference between the two inputs. We 
Zl llli  al0^ toward completing development of a capability 
-or efficient holographic subtraction (Appendix C-XVI). 

anrf il^lt  ^T mf ? WfyS Cf Producing holographic transforms 
%tT*       JS/fl W0 0f these have been explored by us. 
hese are modified Rayleigh and modified Mach-Zender inter^ 
xerometers. The hardware configurations for producing holo- 
grams using these two techniques are illustrated in 
.'igur-s ll+a and Ikh,     Both systems are described 
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mathematically and physically by Vanderlugt (1966;. Initially 
we have concentrated on the Rayleigh system because of its 
simplicity and the availability of hardware. We are now 
moving toward greater use of the Mach-Zender system. 

A Rayleigh-type hologram can be produced by the 
insertion of a small convex lens in the collimated beam 
used to illuminate the input. This lens is so placed that 
a point source of light appears in the input plane next to 
the input. This point source and the transform lens 
generate a reference beam incident on the transform plane 
where the holographic transform can be recorded. The angj.n 

between the reference and signal beams is increased (reduced) 
by increasing (reducing) the lateral distance between the 
input and the point source. The only additional hardware 
required for this system is that which holds the auxiliary 
lens. We have used a Conductron universal centering mount 
that is a part of our basic complement of optical 
diffraction equipment. 

Disadvantages of the Hayleigh system are: limitation 
of the size of usable input aperture, introduction of 
aberrations because the outer portions of the transform lens 
are utilized, difficulty in regulating the ratio of signal 
to reference beam intensities, a lack of versatility in 
arranging the hardware and, for subtraction purposes, 
only simple inputs can be processed effectively. 

The Mach-Zender interferometer uses an off-axis beam. 
The reference beam can be used in the recording of either 
holographic transforms or holographic reconstructed images 
by bringing it "on-axis" to illuminate either a transform 
plane or an image plane. This type of holographic setup 
requires two high quality beam splitters, two high quality 
front surface mirrors and stable mounts and supports for 
each. We have used two-inch diameter coated pellicle beam 
splitters by National Photocolor Corp. and front surface 
mirrors which were en hand; new high quality two-inch 
diameter mirrors have been ordered and will be used in 
future holographic work. The beam splittors and mirrors 
have been mounted in Baling holders. These in turn have 
been mounted on rack-and-pinion slide mechanisms manufactured 
by Edmund Scientific Co. (no. UO,891; 60,572; 60,573). 
The Edmund slides are attached to base plates manufactured 
by Conductron so that the assembly can be secured to the 
bed of the optical bench (Figure Ik).    This arrangement is 
quite rigid because it is tied securely to the shock mounted 
optical bench and will provide great versatility in obtain- 
ing clean, efficient optical subtraction of related inputs 
of considerable complexity. 



Optical Processing of Thin Sections 

In addition to photographs of rocks undergoing defor- 
mation and peels taken therefrom we have also been investi- 
gating the use of thin sections of experimentally and 
naturally deformed rocks. 

We originally intended to attempt to process thin 
sections of rock directly on the LaserScan C120 optical 
bench and to establish limits within which direct processing 
would be meaningful. Because some slides generated a trans- 
form that was messier than the "smearing" caused by phase 
variations generated by optical inhomogeneities, test inputs 
were constructed of only cover glass, slide, or cover glasses 
mounted to slides using various mounting media. The individ- 
ual glass elements generated no noise but all combinations 
did. 

In order to determine the geometry of the distortions 
of the transform, negative transparencies of rectangular 
coordinate paper were mounted between slides and cover 
glasses using several mounting media. All of these inputs 
generated distorted transforms. Among the distorted trans- 
forms were some which strongly resembled one-dimensional 
transforms of a coordinate grid (Dobrin, Ingalls, and Long, 
1965). This strongly suggested that astigmatism, chiefly 
cylindrical, was the major problem; further investigation 
confirmed this diagnosis. 

Thin precision spacers between slide and cover glass 
would perhaps give a uniform thickness. This procedure was 
rejected because it would be more time consuming than 
photographing the thin section and using the resulting 
negative as an input. Pressing of the section during 
curing also proved to be an unworkable technique. 

For a given degree of surface irregularity, the flatness 
is a function of the size area being viewed. Thus, by look- 
ing at smaller areas of the section the transform should 
become less distorted. Also, a smaller area should lead to 
fewer of the phase variations which tend to smear out the 
transform. This was proved in practice. By masking the 
input down to a very small area a much less distorted 
transform was observed. 

But two other problems entered here. First the use of 
coherent light resulted in annoying diffraction effects 
from the mask and from remaining irregularities in the area 
of the section being illuminated. Secondly, the area of 
the section being viewed became so small as to be 
meaningless. 
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These problems were overcome by «sing a mercury vapor 
lamp as a non-coherent light source and a microscope 
objective as a transform lens. Any high pressure mercury 
vapor lamp can be used for illumination in this set-up. 
To achieve partial coherence, this light is monochromatically ' 
filtered and is then passed through a condenser-pinhole 
arrangement manufactured by Jodon Engineering Associates,Inc., 
such as LPSF-100 with a 10X objective and a 25 micron 
diameter pinhole. The beam emerging from the pinhole is 
then collimated after which it illuminates the input on the 
microscope stage. Because the location of the transform 
plane varies with the power of the objective but is always 
located close to the back of the objective, a telemicro- 
scope is used to view or photograph the transform; & stand- 
ard microscope ocular is inserted into the microscope tube 
to view or photograph the area under study. 

In order to check the reliability of results using 
this optical set-up, photographs of the area of the input 
section generating the transform and the transform itself 
are obtained. The photograph of the section is then -pro- 
cessed on the Conductron set-up using the laser as a light 
source. The two transforms can then be compared. Results 
to date have been mutually consistent. 

2.3 - Rock Deformation Experiments 

Our rock deformation experiments have been performed using 
established rock mechanics techniques (Figures 6 - 13). Tests so far 
have been limited to uniaxial deformation of cylinders (Figures 7-9) 
and cantilever and third part loading of 1-2 mm thick rock slices 
cemented to 10-1/8 x 2 x ^" «luminum beams (Figures 10 - 13). Data 
sheets for these experiments are shown in Appendix C, I - III. Some 
input data have been provided by the Twin Cities Mining Research 
Center, U.S.B.M., based on uniaxial experiments by the Center's 
personnel. 

During deformation we have photographed specimens to record 
changes in the two-dimensional fabric of the rock. Appendix C-V 
outlines our photograph identification code. 

Among the changes we seek to map are microfracture growth, 
variation in patterns of microfractures, changes in grain shape and/or 
orientation, development of twinning, changes in reflectance, and so 
forth. 

Experimental results from this work are shown in Figures 16 - 22. 
In addition, Figures 23 - 25 show the results of work with inputs 
from uniaxial deformation of a rectangular prism, the inputs having 
been provided by Dr. S. Peng of U.S.B.M.'s Twin Cities Mining 
Research Center. 
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Illumltran allows us to perform these operations. In addition the 
Illumitran can be used to help correct for under- or over-exjtsure 
of film. All these procedures can be carried out with a high degree 
of uniformity and predictability with a minimum of wasted time and 
film. Thus, we can preserve the rigid standardization of series of 
inputs to be compared that is so essential for optical diffraction 
analysis. 

Construction of Standard Spatial Filters 

Amplitude spatial filters (Appendix C-Xl) were constructed on 
8^ x 11" bond paper using black Tempra paint and Letratone patterns 
(57, 59, 61, 63, 87, 97, 98, 99, 100, 936) and/or a combination of 
these. These constructions were then photographed using high contrast 
copy, Plus-x pan, Kodalith, or 10E75 film depending on the filter 
type. The resulting negatives were contact-printed on Kodak 2" x 2" 
projector slide plates. These plates can be mounted directly onto 
the X-Y-0 gate (Sec. k,  #6) for use on the optical bench. 

These filters were all designed to cover filtering needs already 
experienced, or anticipated in the near future. Many filters were 
constructed in suites, providing incremental variations in filter 
properties. With the filters on hand it is now possible to perform 
not only a wide variety of filtering operations, but also to inves- 
tigate systematically spatial frequency content via a differential 
approach using incremental series. 

Thickness of Rock Slices 

Studies are being made to determine the optimum thickness of 
rock slices for the cantilever and third-part loading experiments. 
Comparable studies, such as those on optimizing thickness of elastic 
coatings, are likely to be useful here. However, it is necessary to 
take into account effects of heterogeneity and anisotropy. It is 
anticipated that grain size will be one of the constraints, as in 
the ASTM specification for the diameter of cylindrical specimens. 
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3.  Important Analytical Developments 

Mapping of Transforms 

Among important developments to date is the ability to map 
diffraction patterns without going through a photographic process. 
The hardware necessary and the procedure established are given in 
Appendix C-X, XIV. Routine production of these transform maps and 
their calibration in terms of optical power is a very important st^p 
toward quantitatively comparing and correlating transforms of 
related inputs. 

Holographic Capability 

Development of a holographic capability and the hardware needed 
have been discussed in Sect. 2.2. 

Recording of a holograjn for subtraction work is a more involved 
procedure than the recording of an amplitude transform or reconstructed 
image. We have used A-G 10E75, 35mm film for recording holograms 
for monitoring purposes; i.e., to determine signal to reference angle, 
exposure times, etc.  The holograms used for actual subtraction 
purposes have been recorded on 2" x 3" plates manufactured by GCO, Inc. 
(HR-123P). These plates have the same emulsion as the 35ram film. 

Once the various parameters have teen determined for a particular 
experiment and the hologram recorded, the configuration of the optics 
used to produce the hologram must remain unchanged to achieve 
subtraction. 

Actual subtraction in our laboratory has so far been confined to 
geometric inputs using the Rayleigh configuration. The procedure 
used is summarised in Appendix C-XVI (Brcmley et al, 1971). 

The development of holographic capabilities will allow us to 
subtract one two-dimensional input from another, giving a picture of 
the visual difference between the two. Thus by subtracting the 
picture of an undeformed rock from pictures taken while it is under- 
going deformation a series of pictures shewing only the change in the 
fabric of the rock as load is increased would be produced. 

These "difference pictures" and the calibrated maps of the 
transforms of the individual inputs should go far in quantitatively 
comparing the changes in fabric in a deformation series. 

Processing Thin Sections 

Sect. 2.2 presents a description of our attempts to process thin 
sections optically. Transforms produced by thin sections have been 
recorded as has calibration transform corresponding to them. The 
results are mutually consistent. Ultimately we hope to establish a 
routine procedure, using common hardware, that will allow us to analyze 
optically thin sections directly at various magnifications. These data 
would otherwise be lost or gained only after relatively great expend- 
itures of time and materials. 
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A possible spinoff from the optical processing of thin 
sections is the limited optical diffraction analysis of film 
inputs in any laboratory with a microscope and a high power 
light source. 

Reversal Development 

A procedure for reversal development of negative film has 
also been established (Beward, 1971). Appendix C-VIII contains 
an outline of the process which is illustrated in Figure 15. 
The process has yielded excellent results with Plus-x pan film. 
Its usefulness can be appreciated by anyone who has made 
positives via the negative-positive route. Not only is time 
saved but one photoRraphic step is eliminated and thus so is 
some degradation of quality. Sharper and finer grained 
transparencies that are oJ at least as good quality as the 
negative transparencies have been obtained. 
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'+•  Technical Problems Encountered 

1 -  Sample prepy.ratlon 

Problems encountered in sample preparation can be grouped into 
two categories: initial and final preparation. The former problpm has 
been^solved by fabricating our own rock drill and vise assembly, Illustrated 
in Figure 7 and by contracting with a local quarry to cut 2" x 2" x 12" 
slabs from the 1 ft. rock cubes (USBM-ARPA suite); these slabs can be 
handled by our rock saws. 

With the recent acquisition of a surface grinder, flatness and 
squareness gauges, etc., and using other equipment already on hand, the 
finishing problem has Just about been solved. It should be noted th^t the 
production of rock slices to date has posed no problems. 

We are now organizing our operations to produce specimens to 
ASTM or equivalent standards on a production basis. 

2 "  Spurious readings from heated strain gages 

The heat generated by photoflood lamps have affected active 
strain gages during photography of specimens under load. This problem 
has been overcome by switching to photographic techniques which do .not 
require high temperature illumination. 

3 -  Vibration during photography of snecimens under load 

Vibration while photographing rock specimens undergoing defor- 
mation has been an annoying problem; the resulting input transparencies 
are unsuitable for optical diffraction analysis. To date we have bypassed 
this problem to some degree through patchwork procedures and by taking 
pictures when ambient vibration levels are low. 

A rigid scaffold on which the cainera(s) will be supported is 
under construction. Also, arrangements have been made to stiffen and damp 
the laboratory benches supporting the deformation equipment. 

^ -  General photography of specimens under load 

Problems in microphotography and raacrophotography have arisen 
in the form of variations in focus, illumination and registration during a 
given deformation series. The first two problems have been discussed above. 
The last problem is being solved by appropriate marking of the specimen 
under examination (Sect. 2.3). Large format high resolution photographs 
such as those that are now obtainable with a recently acquired Hasselblad 
500C will also aid in the solution of all of these problems. 

5 -  Pinhole adjustment 

The condenser-pinhole arrangement on the optical bench was a 
source of intermittent annoyance and degradation of results during a good 
portion of the year. Readjustment was very time-consuming. This problem 
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has been solved by the purchase of a new pinhole assembly that is easily 
adjustable and in which pinholes are readily replaced.  The new set-up also 
permits use of pinholes of a wide range of sizes, thereby adding to the 
versatility of the system. 

6 -  Rotatnble input 

The problem of rotating the transform about the optic axis to 
achieve efficient mapping has been solved by rotating the input but this, 
in turn, led to the problem of mounting the input on a rotatable gate. The 
present procedure (Appendix C-X) gives satisfactory and very consistent, 
reproducible results but is somewhat messier and more tedious than we 
desire for more rapid production of transform maps. 

7 -  Optical processing of thin sections 

Major problems remaining in the optical processing of thin 
sections are: a lew light level from the mercury-vapor source, necessitating 
very long exposures in order to record the diffraction patterns; coma-type 
aberrations introduced by slight deviations of elements from center of the 
optic axis; a rather awkward and time consuming method of alternating 
transform/input viewing; and a low quality colliraating lens. 

These problems are being solved, respectively by: our obtaining a 
more powerful light source which is spectrally enhanced at the wavelength 
of the moncchrcmatic filter being used (5U61A); more precise alignment of 
optical elements and perhaps tying them all together in a more compact, 
portable form; use of a centering telescope in the place of the microscope 
ocular, which will allow viewing of the transform by a simple adjustment 
of the telescope; and purchase of a high quality collimating lens. 
Necessary purchases have been initiated. It shoald be noted that use of 
the centering telescope will reduce the optical path by 1/k  to 1/3, thereby 
helping mitigate the low light level problem. 

Related problems that arose and a discussion of their solutions 
are presented in Sect. 2.2. 

8 -  Holographic subtraction 

Most of the problems which have arisen and been solved in the 
undertaking of holographic subtraction are discussed in Sect. 2.2. In 
addition, a h"  x 5" cut film holder has been modified to hold the hologram 
for filtering purposes. The center of the holder was cut out and an opening 
was enclosed with a balsa wood frame to secure the holographic plate to the 
center of the holder. This arrangement has allowed us to record holograms 
in a non-dark room and also to use the holograms as subtraction filters. 

Related needs remain: preventing emulsion displacements during 
developing and, more importantly, acquiring suitable space to house our 
holographic operations. Encouraging starts have been made toward meeting 
each of these needs. 
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9 -  Production and use of spatial filters 

Two problems have arisen in the production and use of spatial 
filters: i) mounting the filters on the optical bench in a mftchanically 
stable manner, and ii) recording of fine halftone patterns at suitable 
gray levels. 

The first of these problems has been solved by recording the 
filters on glass as described in Sect. 2.2.  The second problem may be 
solved by using high resolution optics in conjunction vith high reaolution 
film and special developing techniques; ve are currently the b*n«»ficleLrl«*5 
of expert advice on this matter. 
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5.  Results to Date 

The results shown in Figures 16 - 25 in this report and in Figure 16 
of the semiannual technical report are representative of what we have 
sought to achieve during the first year of this study. 

The results in Figures 16 - 19 are baaed on work with one of three 
mutually perpendicular slices for each of which comparable results have 
been obtained. A second set of three mutually perpendicular slices has 
been processed identically. Similarly, the results in Figures 20 - 22 
using acetate peels, are based on work with one of three mutually perpen- 
dicular slices for which comparable results have been obtained. (The slice 
in Figure 20 is not the same as that in Figure 16.) Again, a second set 
of three mutually perpendicular slices has been processed identically with 
the first set, using acetate peels. 

Specimens studied in the first of the two categories above, i.e. by 

?ireCtJ?^
t0graphy and not with acetate Peels, have been photographed in the 

three different ways described in Sect. 2.2. This multiple approach has 
been used to evaluate the relative effectiveness cf the several techniques 
for recording fabric. 

^w <^
lthou8h aoae  efforts have been made to highlight growing fractures 

with fluorescent dye penetrante, we have not yet conducted an evaluation 
under regular experimental conditions. 

About a half-dozen experiments on uniaxial deformation of rock 
cylinders from the USBM-NASA specimen suite have been conducted, with 
loading results such as those shown in Figure 9. The type of optical 
diffraction results obtainable from this operation were presented in 
rlgure 16 of our semiannual technical report. 

Most of the specimens we have deformed so far have had linear or 
nearly linear deformation curves, like those in Figures 9, 13, 1? and 21. 
(load (lbs.) is plotted in Figures 13, 17, and 21 instead of stress, as in 
Figure 9, simply as a matter of convenience). One of the strategies in 
this study is to concentrate recorded observations of specimen fabric in 
regions of the deformation curve where sudden changes in slope and other 
prominent nonlinearitiea occur. In linear or nearly linear cases, the 
observations are spread out to give broad sampling of the deformation curve. 

With regard to the experiment shown in Figures 23 - 25, a set of input 
photographs, five of which are shown in Figure 23, and the deformation 
curve (Figure 2k) were provided by Dr. Peng of the Twin Cities Mining 
Research Center, U.S.B.M. Since the curve came into our hands some time 
after the inputs, we selected for processing the five inputs shown on the 
basis of their appearance, without benefit of having the stress/strain data. 
Although the five inputs seem to represent fairly good coverage of the curve 
we would have made a somewhat different selection of points had the curve  ' 
been available when optical processing was started. 
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a shift troml^lZ mtoltlLllTll? T*"* fra0tUreS would «W«« " 

method. 
Note the exquisite detail revealed in Fieure 20  bv t-h« a.^^ 

of the inputs suggests some support for such af expiation  ^ eItM"natlon 

will be helpful to examine rock slices in compression as well as in tension- 

^h^^SÄ.10**1-*the ^^b— ™^°*™lTs- 
In the deformation series illustrated in Figures 2^  p«; ^ , ^ ^ 

^X^r^rr^r^Ä^^ 
f=: thlS ^l?onSiSt8nt ""* =- obfe"atll„f^fL for   yUnLT^he 
frequency quickly drops „here the curve starts to tur^ d^nSd and ihen 

higherT JhelSl0^ tT"^ ^    Ihe ^Ual ^-"cleTa e6" 
^™r„; tu    •     ?   nput than they are in th« unloaded input.    The tren, 

™rJ^., I f   ?     aasest» that „e are mapping the onset »1th ftllure of 
:oentiSs?XtenS10n fraCtUreS ^ Sme aM1"0-1 ^cturin^'L d^Stion 

fsr f„r^ffeeCi"f.T 0nly tentatl™ interpretations, but the results so 

mh^L^1 ,: sltt^raddiUona'l IT ^"T t0 ^ «^"^««t. 
and further studvo? *l*^ *.^    ' "n'1™1"« refinement of technique, 
fir« inclusion*   It X help gr^avTl't^^ ^V^ ,0" USef^ 
„ill measure the total frequ^/c^St^VS   L r     ^ ^A-dflo 
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thP ^ny0f tf tech^cal results described above, we have accomplished the following during the past year: 

Ve have standardized and made routine many operations in the optical 
and rook mechanics laboratories. i"-*«»* 

'.e have eatablished a working rock mechanics laboratory, with the 
capability of deforming rocks uniaxially, biaxially and flex^ally. 

We can now prepare our own rock slices, can produce cylindrical 
specimen of several diameters and have acquired the equipment necessary for 
finishing cylinders according to ASTM and USBM standards.    necessary ^ 

'e have determined the characteristics of photographic film used in 
optical analysis and have established techniques for recording data at 
various scales and formats while retaining comparability of results. 

*r~M  i'6 ^ Pf0df®d1
a collection of reference transforms and a variety of 

specianzed spatial filters. The filters have been mounted on glass plates 
and have been used in an X-Y-0 gate assembled by us for this purpose. 

A method of mapping transforms has been developed in which the input 
transparency is rotated about the optic axis to yield a spoke assembly of 
intensity profiles  Ue are currently worklng with a lase^    met^ £ 
develop a practical method for calibrating intensities recorded in these maps. 

Holographic transforms and holographic reconstructed images have been 
produced. We have used both modified Rayleigh and modified Mach-Zender type 
inter:er-oneters  The holographic transforms have been used successfully iS 
orti.a. subtraction of simple paired inputs of a dot pattern (removing 
Particular dots) a simulated dendritic pattern (showing net growth of the 

ofwÄ)  ^^ "' ' SiffiUlated r0Ck fabric P^ern (showing devSo^nt 

We have successfully produced transforms using partially coherent 
mercury vapor light as a source and a standard microscope ^ aSiliSy 
optics as the optical system. This approach appears to provide some 
possibilities for the convenient use of optical diffraction analysis in a 
roLi Lnt t

appliJations' specially those with thin sections as inputs 
Consistent transforms generated by thin sections have been recorded 

High quality results have been achieved with reversal development of 
negative fUm  This will permit considerable saving in time over Se 
negative-positive procedure and does not require special positiv^ fiL 
The quality of results achieved is quite good enough for preparire in^ts for 
optical diffraction analysis. In fact, the resuJif J^dist^t^ s^rLr 
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6'  Implications fnr Bgthgrjtegegrch 

right ^^St^^nSS^^ro^h^ that We -e 0n ^ 
original plans. Therefore we will onno..he research ^11 follow 
mation data at appropriate'ccales this wUll6 ?n/ecordin6 more defor- 
the acetate peel and fluorescent^! . I     .lnClude use of results from 
and experience are needeTtrStermine the^-"16^0'8' A^^n-al  data 
to record the fabrics of specimens inderLS^ '^ 0f SCales at which 
for the types of rocks worked wUh If^^JK?*6?* indicati°^ are that 
yield the most useful fabric data.     ' magniflcatio^ of 10X to 100X will 

calibraUoTS SSS^^ Ve^ll^'r^  —träte on the 
subtraction of related A,' de^elomeTo'f th' r0Utine holo^aP^- 
the analysis of thin sections expansion of n    "fff^ Vapor system for 
filtering capabilities and the lolvnZ       ^.amplitude and complex 
techniques. he continued upgrading of our photographic 

deformed S^.X^^^^^aSf8 in fabricS 0f ^^^ 
to specified axial and radial loads and ih^^1^. Cylinfirical sP^imens 
along their axes. One specimen will wP.faphinS medial sections ^t 
point, and the photographs S be made fol?o S&Cr'fi^ *<*  «ach data 
technique will yield useful results if o^?^^0^1"6' That th^ 
of our earli.  .tudy (l^'"^ ^JS? l^tt  by the r^lts 

, -i-ivja.,  fart ill)  and by the present study. 
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7.  Special Comments 

vi=e versa. Those projects include a study c^he effects of r^vi,  v.- 

acoustic properties of rocS ?r^ MocTcavlng Lea " ^So°f 'f^^" 
an important aspect of these studies. 1<: analysls ls 

ins the^tr^nsfo^ It s^Ä^icÄli^0^ "t ^ ^  St^- 

3=: Xä£^S~ .S?-d"^to 

oTt-SÄ^o^^^ 

inveet^at«,^ Ctt^v^i^thJ leifir?0^0n 0f the ftl"ci^ 
availahie e.ceedi^ tge su. ^L^k^^cle^aÄ^.1!' 

°•  Concluding Remarks 

so far^he^XteÄ^T"" ^ * ^    ^ "*™°  '~ 

past rTtzi? eoisxSirSphaS^i^rsi^iike ttat aur^"» 
acquisition of fabric data    Jn^f«      1.    ^    e placed on continuing 
.rJNation of nSly acjikf caäbir!ti:s

em:ntv,0f ^^' *** increasing qjirea capabixities such as holographic subtraction. 
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Figure ij, Fourier transform 
relationships in a single lens 
system. 
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FIgure b  -  Portion of rock mechanics lab- 
oratory.   ['Vom left to right:  a)uniaxial 
set-up{detail8 in Figure 8); b)eleotrical 
hardware  for strain gage work  (details  in 
Figure 12);   c)rock slice set-up (details 

in Figure 10);  d)third-part loading set- 
up; ejbiaxial set-up. 

NOT REPRODUCIBLE 
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figure      -  Hock drilJ  used  for preparing 
cylindrical specimens.    NX thin-walled 
bit shown cuttir« core from large con- 
crete test cylinder,     fese clmp is de- 
siCntd to hold j.rregular specimens. 

NOT  REPRODUCIBLE 
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Figure 8 - Uniaxial set-up with photo- 
graphic equipnent for recording surface 
fabric during loading. 

NOT  REPRODUCIBLE 



Typical Results of 

Uniaxial Compression Test 
Stress - Strain Curve 

Test Identification No. 

Rock Type: Chafcoal Granite 

E»  11.0 x 106 osi 

A-9 

500 1000 1500 
Strain (Microinches/inch) 

Figure 9 - Sample test results from uniaxial loading as shown in Figure 8. 
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.-•ißure 10 - Kock slice set-up, cantilever 
loldim. Hock slice is cemented to loaded 
ÄS^ beain.  Slice and beam to right 

!riJf r?Sord8 sSface fabric during losing. 

NOT REPRODUCIBLE 
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Figure  11.    Strain gage circuitry for rock slice test using the cantilever 
loading assembly 
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Figure 12 - Electrical hardware for strain 
gage work. From left to right: indicator 
unit, stacked switching and balancing 
units, quick-connect junction box. 

NOT REPRODUCIBLE 



Figure 13 - Sample test 
results from cantilever 
loading as shown in 
Figure 10, using instrumentation 
of Figures 11 and 12. 

Typical Results of 
Rock Slice Test Load - Strain Curve 

Test  Identification No. 

Rock Tvne: _BarreGranite 

A-13 
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Figure Ik -  Configurations of conponents on the optical bench for 
producing holographic tr-).nsforras„ 

a) Rayleigh configuration. A small lens at position i generates a 
point source of light in the input plane ii. The holographic 
transform is recorded at iii. 

N0T  REPRODUCIBLE 
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b)  Mach-Z.;n(ier configuration.   Bea^ split- 

g ä u^oi^t ndhertthh 
raphic reconstruotcd images if the second 

beam splitter-mirror assembly is 
positioned beyond the reconstruction 
objectives iv. 
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& 
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Figure 15 - A diagrajnmatic representation 
of the reversal development process. 
From Beward, 1971. 
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NOT 
REPR0DUC\BUL 

'•'ifTurn  lo -   J'hotorraph.  of n  nliec of   -arro 
nranxte   (race , )   .mdergoing canti Lever Sr. 
at on    MaRnirication  -  P.^x.   Load  on  the 

cantxlever is to the right.  The picture., h r 

curve in Figure  17. 
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Figure 17 - Loading curve for the 
deformation series 
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NOT 
RtPRODüC^ 

Figure 18 - Transforms of input;;  in 
Figure   17.   b)  and  c) are almost  identical 
and show l.c;;.r. high  fre 
than a). 

jquency content 
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Figure 19 - Maps of the transforms illus- 
trated in Figure 18. There is more low 
frequency content in b) and c) than in a), 
c) appears to be more uniform than b) in 
the directional distribution of 

diffraction elements. 
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c igure 
th 

■ -  iranaiormc  correjpor 
inputs in Figure ?1. 

. ..,■; ',0 

Relativ to :.) 

and more 1™ frequcncroleiS"^' ^■''"^ 
The diegonal stripe in b) i.: 

there appear to be less hi/- 
mcy elementr m cj. 

an artifact. 



NOT REPRODUCIBLE 

Mrnire -   l'hotop:rnr:h::  showing 
; !r'i;-:i";1   leformation of a rectarwul ■' i"".  o;     ennr; rectangular 

see marble,   ffegnification 
. ^-ourtesyol   Dr.   "yd  Peng,   fJ.r;.3.M,) 
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i ■ 

rain 

Figure 2k - Corrected stress/strain curve 
generated during the deformation experiment 
pictured in Figure 23.  (Courtesy of Dr. Syd 
Peng, U.S.B.M.) Points IB, 53, 103, 15B and 
25B correspond to«*, b, c, d, e, respectively 
in Figures 23 and 25. 
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APPENDIX C 

Outlines of Procedures 

I -      Data sheet for specimens in uniaxial compression tests. 

II -      Data sheet for specimens in rock slice tests: Cantilever (left) 
and third-part loading (right).    Small square on rock slice is 
for photographic registration. 

III -      Data sheet for loac.ing experiments, 

IV -      Orientation code for specimens cut from rock cubes of known 
orientation. 

V Photograph identification code. 

VI - Summary of film cheracteristics for optical data processing, as 
observed by this project's personnel. 

VII - Procedure for reversal development (Figure 15). 

VIII - Procedure for photographing with telemicroscope. 

IX - List of available photographic equipment. 

X - Procedure for mapping transforms. 

XI - Types and sizes of fitters (Film and glass). 

XII - Log of inputs and outputs for optical diffraction analysis. 

XIII - Optical diffraction processing log. 

XIV - Scanning log for mapping transforms. 

XV - Acetate sheet peel technique for rock slices, 

XVI - Procedure for holographic subtraction. 



I -  Data sheet for specimens in 
uniaxial compressicn tests. 

FORM 1 - Uniaxial Compression Tests 

Test  Identification No. 

Sample Identification No. 

Operator 

Date 

C-? 

Strain Gage Data 

Resistance 
Gage Factor 

box 
K 
Temperature Compensation 

Specimen Dimensions and Gage Locations 

s, 

Average Diameter: 

Two orthogonal readings measured 
at mid-height. 

Average Length'.  

Three equally spaced" FeTdings 
using calipers. 

End Variation: 

Accuracy: Length and Diameter 
measurements to nearest 0.01, 
End Variation to 0.001. 

Comments 



FORM 2 - Roc^ Slice Tests 

Test Identification No. 

Sample Identification No. 

Operator 

Date 

II - Data sheet for specimens in 
rock slice tests; Cantilever 
(left) and third-part loading 
(right). Small square on rock 
slice is for photographic 
registration. 

Strain Gage Data 

Resistance 
Gage Factor 

box 
K 
Temperature Compensation 

Specimen Dimensions and Orientation and Gage Location 

C-3 

Top 
Views 

Bottom 
Views 

E 
0 

Cantilever Loading Apparatus 

Rock Slice Thickness DAta: 

Rock 

Total 

Epoxy 

Three-Part JLoadinjg Apparatus 

Comments: 



Ill - Data sheet for loading experiments. 
jheet >J C-k 

Test Identification No, 

Sample Identification No, 

Rock Type ^  

Operator   

Date 

noto I IncrementiTotal 
D No.|  Load   :Load 

GAGE NO. 

Indicator' Exp. 
Reading (Strain 

GAGE NO. 

Indicator| Exp. 
Reading jStrain 

GAGE NO. 

Indicator 
Reading 

GAGE NO. 

Exp.   |Indicator 
Strain    Reading 

Exp. 
Strain 



IV - Orientation code for specimens cut 
from rock cubes of known orientation. 

C-5 

The purpose of the orientation code is to define the orientation 
of the specimen with respect to the "orientation" or "north" arrow on the 
cubic rock sample. 

Six principal faces of the cube, "1", "IB", "2", "2B", "3" and "33", 
are defined in the following manner: 

Face 3 is the "top" of the block on which the north or orientation 
arrow is located. 

Face 1 is determined by moving the north or orientation arrow 
laterally until the base of the arrow is on an edge of the cube 
and the arrow is pointing normal or up and to the right from 
the edge. The face which the base of the arrow intersects is 
face 1. 

race 2 is counterclockwise from face 1 and adjacent to face 1 
and face 3. 

Face IB, 23 and 3B, are the corresponding parallel faces opposite 
to faces 1, 2, and 3, respectively. 

The foregoing definitions are applied to the illustrated sample cube: 

The research, at this time, will require specimens cut from 
the block in three mutually perpendicular directions. These directions 
correspond to the axes which are perpendicular to one of the six cube 
faces previously defined. 

A core or slice cut from the cube is denoted by three symbols: 

(1) A number denoting the face of the cube which the specimen 
contains, ie., 1, IB, 2, 2B, 3 or 3B. 

(2) An acute or right angile specifying the number of degrees the 
orientation or north arrow makes with the face under consideration, 

(3) A horizontal indicator symbol for elements cut horizontally from 
faces 1, IB, 2, or 2E.. 



IV - 

P. 2 

C-h 

Examples 

Top View 

Since the machining operations for specimen preparation will 
eradicate any orientation markings on the machined ends or surfaces, 
the orientation must be transfered to another surface. 

For cylindrical cores cut from faces 1, IB, 2, or 2B, the 
orientation symbols are transfered from the end of the core to its 
side as shown on the following page. 



IV - 

P. 3 
C-7 

For cylindrical cores cut from face 3 and 3B, the orientation 
line is transferred es follows: 

/ 

After machining the orientation arrow can be re-established on the 
end of the core. 

The same procedure may be adopted in principle for the rock 
slices. Extreme care must be exercised by the machinist to avoid errors. 

This code may be expanded, wnen needed, to include cuts made at 
angles other than 90 degrees to the cube faces. 



V - Photograph identification code, 
c-a 

First Four Digits  ■ identification of test 

First Diat- capital letter indicating type of te.^t 
G « cantilever v/eirht loaded 
Ci- cantilever micrometer loaded 
f = third-part loading 
U = uniaxial loading 

Second Digit- anumeral 

Third Digit - a numeral 

Fourth Digit - a numeral 

Fifth Digit - location of photograph within a test 
a small letter 

Sixth - Ninth Digits - sample identification 

Sixth Digit - capital letter indicating general rock type 
A ■ acid igneous 
B a basic igneous 
I = intermediate igneous 
S » sandstone 
L « limestone 
D = (iolorrite 
k  ■ shale, mudstone 
C ■ conglomerate 
F ■ foli?rt^d or lineated raetamorphic 
G = noncirectional structure metar.orpnic 

Seventh Di-;it - a numeral 

Eighth Digit - a numeral 

Ninth Digit - a numeral 

Tenth Digit - test equipment orientation relative to J la«-, ens ions of 
negative, L if bs.r lon^ direction par-illela Ion' direction 
of negative» W U* it parallels inort direction 
for U testy L if -xis coinectin' olatens parallele Ion' 
direction of ne^-tivei 1  if axia piralleli in*:  short d.r*»ctiof 

Eleventh and Twelfth 'Huts - future oriont^tion, the aa'.le of the 
feature with ta.- lon^ direction of the negative, two 
numar ild 

Thirteenth Digit - » lynboi for any aaditioml Infer» U'OJ 
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VII - Procedure for reversal development  (Figure 15) 

TjuTlJTl'" ^     Jcvelopaent in general  (modified from 

•I) *• «In KodAK IV. 19. 

Jin?* ^ ln *'•'• W,,Ur " thi8 "»^ be borough;  not just filllnr the cortairer and letting it oit. 

HU) ? «in. bleach B-9 - aust be fresh. 

*iv) I «In, wash  (note tbove). 

•v) I «In. cloar CW* 

**) X min, wash. 

^ SS^I^^ r11- U Uld W,,ül8i0n 'ide ^ on a b^ch no tfiatno 8|»4OM are eaat upon it vhen the overhead  lichtn are 
lunwd en for 15-3t «eeonds.    This gives a „nlform illumination. 

•will) frk «in. Kodak 0-95. 

•4«) JO Mc. Kodak stop or indicator stop hath. 

•«) I»? «in. Kodak rapid fl». 

■») ) «In. «aab. 

*eam«>« out  In toi«l darkoMs 

{tllSici•.'!)• ^ *'  t"™ I5 COnUlM * ^ro^tic representation of 
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VIII - Procedure for photography with telemicroscope. 

Equipment 
Telemicroscope; Accura T Fittimt-  Aetmi T m™,^  M,- 

tripods,   3200 K flook lights    Sus-xSn Fi^ Gr^h0?n
C0Pe ^^ 

Cable Release;   Camera Bo^y either Pra^JS'S.1'61"5  ^^ 

Procedure 

Step 1. Place specimen in position. 

Step 2. .Mount the telemicroscope on its support (tripod). 

■"tep 3. Remove ocular from telemicroscope. 

=top '• o^X^^TS^porUon of the "i™">* ^" "-t „t. 
Step 5. Replace the ocular In the telemicroscope. 

atep 7- r sx^- Ä^rr^LrÄ- - - » 

;;tep 9- c^: ^^Tr^^t^^rÄ----" - 
Step 10.  Attach the Prontor Cable release to the camera. 

iJtep 11.  Cock the Camera shutter. 

Step 1?. Focus on the specimen by doing the following-  Place a Dieee of ^ ^ 
paper on the specimen.    Turn on the flood TW«    V P   v    f   graph 

the c^era «at move, thus the cl^pa 0„ the camer^TiS ^atTe Lee. 

Step 13.  Set shutter speed at B. 

Step Ik,  Lens should be set with f-stop wide open. 



IX - List of available photograph/.c equlpnent 

* 1. I'ractina i5i!r> i:i£, 

2. Speed graphic view camera, 

3. Calumet view camers, 

- k.    „asselbla. 500 with st.^d ^ ^ ^ u^.. ^^^ ^ 

5. Rausch and Lomb/Nikon    l?5« t€l«^cr«icopc. 

6. Polaroid photomicrography s«t-up. 

7. Practina  idapters for nicroacopc. 

8. »wens Illamitran and iccessorUs. 

9. fcäcakta 35min SLR. 

10. Polaroid Uo-L back for view caaeru. 

11. IPO back lor view cantras. 

1?.    Polaroid 4x5 (5^, 55, 57) back for vj^ ., 

•• 13.    Nikon F 35nia .lU« and •cceuorl«*. 

** lh.    Pentax 35nin ~LR and acresaorle«. 

■• 15.    Minolta P^mni SLR and arceciories. 

• adapted to optical diffraction analysU. 

** available if needed. 
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X - irocelure for Mppir« trims fortt.. 

^al cIISi!"lorr*,,Blr*t hW'4waf* i- * P'o^yi» «It purchased fro« Conductron Corp. 

;:2?lf:.IL,,?OUmatl,dler t,lbe c<«P^t^ «nclosed except for a pinhole 

*      P*nhOl    ^wi b« vvl«4.    The photo^ltlpller can be translated 
•*ri-o«talijr. qrthoRon^ U tAe optical a«is.    The entire assembly can be 
r^dlljr Mcvni to th» bed of the optical bench. 

»hotJ-jUllOJor PM «yppljr: Hwrlton ^15A K pover supply «inuf.ctured 
hr ■wrt#ii»lhc4Är4# 

S)    MMter: *hl* alero-«irro «anufactui^d by Keithlay InstrtMents. 

£ stn i^t ^TüJ^ ^isl,,lo ^ ^i>iotur ^ ^«-^ ^^ «MiflW • «sriahU Uat hMe u orter to record iaAlvldual scam across a 

i i. 5 STJi'ÜÜTrr!^ StfjBS iW* if «««^rt**» «»y *Hol Corp.    It . 
jtioa «otvu« to proride i^f BW—I and one »T-m.  V/J0 eon- 

rMlor as^i tu» «ptic a»»a.    The stactart mtul»; 
i »It» a    -n pot%t «• SI» »*«• a«l a fft 

NJ*rj' STtl     ** J?*1'1^ S ?■ lJIMrt»«» Of H« « TO0 Interpols 
*i%r or IM «T-llV   1W«» ar*  ^»d far «♦CMTII« the in 

?7   «      ' T9** m§ •*•• ***** u *** ^ •»»•IOSW rotation shout ^hs asNoamt roi« ■ 
kaput 

thout the 

M to tfcs mtmm '^»«rwr«ration pirtare« of toe 
* mfrmpmiim ea;i%r*uo> traAtron» «i-«t tw 

i» %Ma «to «r 1«« lAMh oplleoi ftata «o UMM «■■ 
ob M o«ip u» •• i#<Mt mmmjim parvio» or ih» 

o» \»0 «ftt' aoit. 
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7. The viewing microscope is focused on the transform generated by the input 
in the first transform plane and, using a horizontal knife edge filter 
the rotary gate is adjusted so that on^ arm of the cross generated by ' 
the rectangular aperture is  parallel to the knife-edge filter. 

Ö. The transform enlarging I ins is placed on the bench so that the second 
transform is approximately focused in the plane of the scanner pinhole. 

9. A beam splitter and a telemicroscope (or whatever will do) are used to 
observe the plane of the scanner pinhole and the transform is focused 
by adjusting the frequency enlarging lens. 

10. The X-Y adjustments on the frequency enlarging lens and the scanner 
micrometer are used to center the transform, by obtaining a maximum 
reading on the ammeter. 

11. The scanner is translated one-half transform width and is scanned towards 
the transform center severtJ.  times while adjusting the voltage controls 
of the plotter and those of the ammeter so that the maximum intensity of 
the DC spot is recorded almost full scale. 

12. A full scan of the calibration transform is recorded and compared with 
the maximum resolvable frequency desired. If unsatisfactory, the position 
of the scanner is readjuste-d, and then proceed from step //9. 

13. After obtaining a satisfactory calibration scan, the first input is 
inserted, an per steps ^6 to #10,  and then scanned. 

1«». -nie input is rotated through the desired number of degrees, centered 
nnd .-.canned a-rain, 

U>. The scans ore plotted radially in proper orientation using the DC spot 
ns a  centerirr rulde. 



XI - Types and sizes of filters (Film and glass) C-15 

A] 1 'ioa: IT. üG-its  in ;iilllrnp:oPs. 
i.r.w-cnt   Prf qucncy/filtors 

>  ilia^etor^O.?.   0.8,   1.0,   1.15,   1.3,   1^    1   r^ 

L-md-rnt;   rj.ltf: [';;: 
r'i■■''.'  0.7 '^) thick 

•--■}    -J»1»    JO,    J»1,^.-.,',    j. o 

.-!-.,.'...p M   filters 
■■-r-   • :-  ^,7 -ui thick 
^^-;f ^aaeter-l.lt,   1.6,   1.8,   2.0,   2.2,   2.35,   2.55, 

•M c; i~c\\\   or  bvi>c-ut filters 
T'-

t;ld- '■U£l:ieters=3,35 ro.':; on all filters 
^^■^o dia,;eters=0..nrr)   ..^   1#3>   1#6j   U9}  ?#3>   pJ^ 

1,    • 1 atid-^a:;'- tutors with f?.c block 
;•.'•■ '^r'-icats the p;i r ar In #2 

^i-h-crt nitr-rr; -iL'i dc block 
> . nv«.-. ,,;:it:; the r   '-e as in ;//1 

-.■:-:'i-i\./a. filters with dc block 
■v-.-ii^-c-U;'  thi  same as  in ^3 

^ ̂  
^ 

.^ 
N^ $>- 

^ 

s or low-cut filters with dc block 
'"ure^^nt,-!   the  sn,- e  as  in #5+ 

.-c^'l  ollipses 
:   '"|Mt-;~1dG-lnslde  'lino x^s A oiitside-ln.«iidG major aAn^. 
1.--1.3  1^.^3.0,   2.If-L? X 3.9^-3.0,   ^e..2.1  7 3:^:0 
;.:-0.7 x ^.--1.7,  2.35-1.0 x 3.9-1.^    2 5-13 :; 3 --;  ^ 

1. -1.1 X ^.0-1 A, 2.3-o.A x 3.9-1 V2.8-1.0 x 3.9-1.'i    ' 
'1 ) I    W    ft' 'inci-ci.u  ellipses 

-;  ■    ''n 

•)    r ^   M    'r'r' 

.;•.)   ^      1.9-0.7,  1.15-oAx 1.9-0.7,  i.^o,5x 1,9-^.7 

•■   '•35 ■: 1.9-o.r, 1.15-0.55 x 1.^-0.0   i.'^o.e^x i.o-o.- ' 
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#11. Band-cut ellipses 
Head: as in #9. 

0.75-0.25 X 1.0-0.35, 0.6-0.2 X 1.0-0.35, 0.5-0 1X10 0*? 
0-75-0.45 X 1.0-0 6, 0.65-0.35 X 1.0-0.6 0 5-0:25 x i ö°0 6' 
0.75-0.3 X 1.0-0.45, 0.65-0.25 X 1.0-0.45 0 5-0 2 X 10 0*^ 
0.75-0.55 X 1.0-0.75, 0.65-0.4 X l.o-O.Vl; O.*5-Si35 X i?^^. 

#12. Concentric circles and ellipses 
Circle: 4.4 to 0.25 nur. in diameter 
Ellipse: 2.8-0.4 X 4.C-O.65 

#13. Band-pass ellipses with dc block 
Measurements the same as in #9 

#14. Band-pass ellipses with dc block 
Measurements the same as in #10 

#15. Band-pass ellipses with dc block 
Measurements the same as in #11 

#16. Concentric circles and ellipses with dc block 
Measurements the same as in #12 

In addition, filters have been constructed using the following as targets  n^. 

»ocedure: The spatial mt,r. wars constructed an 8-i x 11 sheets of white paper. 

The following is a list of the filters constructed: 

1. Solid black circle with 1" raliua, 

2' iSn"ant«!k '^ ^" '****'  l" in,Kr radi"s) "ith "^ =ircle i" dias.etar 

3. Solid black cross 5 nun wide. 

h. Cross 5 mm wide, Letratone pattern #100. 

5. Pairs of wedges with Uoo/. , Mntme pattern # „_ ^ ^ ^ ^ ^ ^ ^ 

6'   ^iCS/841" '"' 1" lmer radiUS' Utrat0ne -"ernftT, fl. 63, 97. 96, 

7- ^IIX rSi^T^r^nl %T. IV™"* "* 0— 
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10. Pair of solid black wedges (Lo0z__) bounded on sides by 6 mm wide strips of 
Letratone pattern §  57, 59, 61, 63. 

11. Pair of solid black wedges (UooU) bounded on sides by 6 mm wide strips of 
Letratone pattern -F  97, 98, 99, 100. 

1^. Strip composed of 1" squares of Letratone pattern # 57, 6l, 63. 

13. "trip composed of 1" x ±n  rectangles of Letratone pattern # 57, 6l, 63, 

1U. Strip composed of 1" squares of Letratone pattern # 97, 98, 99, 100. 

15. Strip composed of 1" x |M rectangles of Letratone pattern # 97, 98, 99, 100. 

16. Strip 9" x 1", Letratone pattern #87. 

17. Strip 9" x £'■, Letratone pattern #67. 



Vll^U>eZr ^t and OUtpUtS for optical di^raction analysis. 
UWJ^ - Dupt.   of  CkH>Jogi..al Scxenc»« -  Optical  Data  Pn 

Log .^f   Inputs  and Output; 

Input Source and Description 

C-18 
roc^.-.-nq   liaooratocy 

TDaTe) 

f&ntared hyf 

\ Cog Sheet" Nö~T 

Input Ptocesfiing: 

Input 
?«£iiL50: ^ySi^n      p- o» N.      Kra»e 

Best 
(s) Remaik.i 

Outputs : 

Output 
Ser.iaJ  No 

OPP 
0|>cr at mn 

R<»T*,   Lab 
ch<»e.t  pjoa, «emarks 

NOT 
RtpR00UC»6U 
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m    •    fTMaivr« far feolflcr«pftic lubtrsctlon. 

1.        »»iii 11 iiw l**lr#d bola« 

••       M4«*t i»» orUc« teMad tlM holofrM so that the origin»! input can be 
'—tt«r«4 »u Uw cloMtil circuit Ulevision systea. 

S*       ft^Ue« Uie «•«•lop»J boiogrM in tbe position in which it was recorded. 

*.        frtlmis retilts the hoiofraa by vicwim it through the microscope and 
•4, .••.;-« IM r«Utl«e poeitians of the transfora and hologram; reallgn- 
■M» la eoHpiete i*eo no laser light e«n be seen in the recording plane. 

aa»*W m be Uttle If anything to view on the television «jnitor; 
if lAere t« still sow of the iaaga visible adjust the relative transform/ 
halagrs« poslttMM to achieve coapleU suötraction.    This appears as one 
l*r|i> *Ue* frl«ige ovar the entire input whereas partial subtraction 
'»•"'• •• • MMlar fringe or fringes.    If the Image appears reinforced 
t*e oftlral confic^ration usel to record the hologram has probably been 
alWrad ai*i • fresh start would be advised. 

•••        »»piar« the first inpit with sne of those from which it is to be 
s^atrarted. 

T.       IW images will probably be visible on the monitor; one is the Input and 
ttoothar is generated by the hologram.    Adjust the input so that the 
ia*M ovar lap la tbelr prope- orienutions with respect to each other. 

••       fte^laee tue ndlcon with a casara and record the difference between the 
taw lapets. 


