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Ir 
Rtoort No.  710/66   \j 0    *    ^ „ £     TOA« 

(bad« for Dr.  Bead) 
OF THE 

«WHITL  äAMP/   GAU^D  a^   /HE 

I.     HiUCUa  ^B^flfffig  for ^tudy 

Two apaclmen» wara ex»mlnao:- 

j^,  -   /ai4.6.a    wixloa is on*-h»lf Inch hoaoganaous armor 

plate «anufaoturou by <vaterto»n Araenal and rolled toy 

Henry  Jiaaton * ^one Inc.,   W.A.  Order 864i,   Ingot 12-614. 

aamaajJkiaB 

.61       .4ß        .14        .013     .016       .09        .3»       1.81       •&• 

uenohed fro» 16öOev In oil,  drawn to llöO^'  for two 
noure. 

ärlnell Hardneit»    -    Front 430,  back 444 

^trUln« weloelty 2391 ft./eeo.,  Height of bulge b.cK .03« 

munition Gal.   .30 V. 1922 A.P.     ^eißbt core 87.6 greine. 

Dietano« fro« »u»ile to plat«    -    100 yard» 

isnetration - partial,  Speo.  31 

Angle of indent    -    normal 

aullet hole «eotioned through »xie of bullet. 

• 



B. - 614.5.6 - Same as 614.5.8 except as follows: 

Striking velocity - 2495 ft./sec. 

Penetration - partial. 

Angle of indent - normal. 

Bullet hole was sectioned to one side of axis of bullet. 

Sample was tempered 1/2 hour at 500oC In tin bath, and 

cooled In air. 

II.  Object 

The primary purpose of the  study was the  detec- 

tion of the possible presence of metallographlo  structures 

In the  «white bands"  which had been observed by Doctor Reed 

in nie work on the penetration of armor plate.     They were, 

simply,  regions  in the metal which failed to respond to 

normal metallographlc etching and hence,   appeared as white 

strsaicB against  the background of the etched plate material. 

A customary eurvey of the unetched,  polished sur- 

face, however,   indicated the interesting, nature of the main 

cracks caused by the penetration and the peculiar state of 

many of the nonmetallic elements.    Consequently,  a general 

examination of these conditions was first made. 

III.    Experimental Wor^ 

apaMmwn |if614.5.8 

A. uoatfilifiä 
Three groups of photomicrographs were obtained,  showing 
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1. The main crack systeias at 50 dlametere. 

2. Fortlone of the main craclte at 1,000 dlameterB. 

This wee done to discover the poeelble existence of minute 

fraoturee which misht occur ae continuations of the cracks. 

i. Typical groups of nonmetalllc elements at 1,Ü0C 

diameters. 

These Illustrations are presented In Folders #1 - ^8. 

A more detailed record of observations accorapanles each 

folder. 

B. Etched 

1. A 2f-<  Nital etch revealed the structure of the plate 

metal and the presence of the "white bands" which were to 

be investigated.  A complete view of the latter, which occur 

both alone and In conjunction with cracks, may be seen at 

10 diameters In Folder #9. 

They evidenced no metallographlc etructure and 

practically no detail when examined at 600 dlameterB. By 

using oblique Illumination on the same surface, however, 

It wae possible to observe definite flow lines which indi- 

cated metal movement and which occurred both adjacent to 

and within the whits areas.  Characteristic sections of the 

white regions were photographed at 1,000 diameters employing 

first normal illumination and then oblique illumination of 

the sample.  Folder #10 contains these illustrations. 
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Folder #1£ (106 and 106)   shows the same material at 

3,000 diameters.     Cracks within the  «white band"   are 

more easily not.eu. at tnls magnification. 

2.    Additional and prolonged etching of the  same 

surface with 2% Nltal  produoea apparent  structure In the 

"white Dande".     It Is lllustratea at 1,000 diameters in 

Folder #11  (109,   108,   110)  end at 3,000 diameters In 

Folder tfl'.l  (113).     Due   to lack of  sharpness of  the material 

within the white area,   it was decidec to make  subsequent 

btudifeo on e newly-cut   surf ant' of the   qmnple. 

■5.     '\fter a very careful repollsh the  specimen was sub- 

jected to a prolonged etching with 5^ Nital.     Evidence of 

structure was observed even at fairly low magnifications. 

PhotomlcrographF   showing it, at 460 diameters are  presented 

in Folder #9  (136,   136)   and at 3,000 diajneters  in Folder ^13. 

The binocular eyepiece,  which ^reduced a three - 

dimensional effect,  confirmed the presence of a multiplicity 

of small,  though rounded,  grains but a metallographic plate 

cannot record this appearance.    Furthermore,  the  "white 

band" consisted not of one plane surface but of furrows. 

This condition,   which was revealed by oblique Illumination 

of the sample,  would account for the absence of the well- 

deilned outlines of orthodox metallographic structures.    It 

was considered advisable,  therefore,  to make another at- 
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tempt to level down the   "white bands". 

4.     Final examination wae made on a  surface which 

had been prepared by a departure from current polishing 

practice In this laboratory,  I.e.   It was cut slowly and 

by hand on the abrasive papers rather than on the rapidly- 

rotating,   paper-covered disc.    The finishing procedure was 

unchanged since  it is normally carried out  slowly.    The re- 

sulting surface,   after a prolonged etch with b% Nltal, 

proved to be a  duplication of the one described under (3) 

above.    Although this condition vindicated  the hi^h-speed 

paper work,   it  indicated that metals can assume   some struc- 

tural Arrangements which resist being cut  to a level by or- 

dinary methods and hence,  prevent a sharply-defined presenta- 

tion of their metallographlc characteristics. 

Photomicrographs,  at 1,000 diameters,   depleting 

the last surface obtained on specimen //614.5.B are assembled 

in Folder #11 (142,  141,   140) and,  at 3,000 diameters,  in 

Folder #14.    These snow sections of a "wnlt,e band" as they 

appear when illuminated first normally and then oollquely, 

Comparlaon of these illustrations should be made with those 

noted in paragraph 3 and louna in tolder #13.    In Ooth cases 

the occurrence of structure within the band is obvious.    To 

see fully the wealth of detail recorded in these prints it 

la recommended that they be examined by means of a hand glass. 
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3Deoim«n #614.6.6 

A.  Unetohed 

The crack systems on this sample,   which were more 

numerous than those on specimen #614.5.8,   were photographed 

at 50 diameters (see Folders #16,  //16 and #17). 

Visual examination,  but no photography was carried 

out at higher magnification.    The appearance of cracks and 

of nonmetalllc elements at X1000 Is typified by the Illus- 

trations secured on specimen #614.5.8. 

1.    This metal,  which had been tempered 1/2 hour at 

500*C,  responded more readily to etching attack.     A treat- 

ment with 1% Nital  revealed the structure of the plate 

metal and the presence  of numbers of  "white  bands".    Addi- 

tional etching showed the  occurrence of extremely  fine 

detail within the bands.     The latter condition is illus- 

trated at 300 diameters In Folder #18  (54 and 53)  and at 

3,O0C  diameters in  Folder #2C  (47,   46,   49,   50,   51,   52).    In 

addition,  a study of the   surface under oblique illumination 

showed the existence of flow lines,  due  to metal movement, 

similar to those described for SFecimen #614,6.8.     A pnoto- 

mlcrograph recording this  state,  at 1,000 diameters, may be 

seen in Polder #19   (45 and 45). 
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9.    As In the case  of epeolmen #614.5.8,   It was be- 

ll eveü that Improved sample preparation might  sharpen the 

appeanmce of the   structure  In the  «white bands"  of 

#614.5.5.    Aocordlngly,   It wae carefully repollshed by hand 

on the papers and finished  slowly on the wheel.     This time, 

prolonged etching was  carried out with 2< Nltal.     The  re- 

sulting exceedingly fine,   rounded structure may be  seen at 

1,000  diameters  In Voider #19   (57,   59,   58,   60)  and at  3,000 

diameters In Folder #20  (61,   62,   63,   64). 

The photomicrographs confirm the presence of minute 

structural features within the band.    The ones made with 

oblique Illumination furnish evidence of the rough surface 

conditions to which must be  attributed the lack of sharply- 

cut characteristic metallographic outlines. 

IV.    Results 

Results are presented in the form of illustrations 

bound together in "Folders".    The latter are accompanied, 

where necessary,  by detailed comments on individual prints. 

The  story could be told Just as effectively by means of a 

few carefully selected photomicrographs.     The experimental 

results are, however,  being given completely In order that 

Doctor Reed may,  if he finds any of them useful, perform 

the  final weedlng-out process himself. 
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The  following explanatory notes nertRln to 

all  folders:- 

i. At the beginning of each folder le e photomicro- 

graph at 10 dlsmetere whlcn servee as a raup of tue lllus- 

trations  following It. 

2.    Tne nuaber which oooure In the upper rlght-hßaö 

corner of each print la repeateo on tne nmp thue locating 

the are«  wnlon nae öeen photonrapneu. 

o.     A nuooer appearing In bracKete under tne number 

described In note 8 above,   refers to another photomicrograph 

of the  same «pot mad« either at u different aegnlflcatlon 

or with a different tyne  of UlualnftUoa. 

4.     A letter "N" In the upper left-uand corner signifies 

that the  photography wa« carried out with norm«!  Illumination. 

6,     k letter M0«  In the upper left-hand corner signifies 

that the photography me  carried out with oblique  Illumination. 

6. ~.aoh print ha«  the  same orientation as  tnat of  tn« a*p. 

7. It Is recomreended tnst the prints - particularly 

those dmplotlng structuree revealed by etonlng -  be examined 

with the «Id of a hand glass. 



foMr #1

9p«oiMn #C14.e.S 

Cron syt—

UMi«iMd

s m
'-„j''v-'

japaoay

--------- japjcMH

p®q«uij japio 

------paq3no)»H

---------S3|JBaia^

japjo

Jh.
dlUHM 

— OM

M
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EftUiE iSL 

peolia«n #614.6.0 

Oppftaite lenetratloo Ctjiti 

— japjosH 

- japaoajj 

paqstuij iapjQ 

 paqoiunex 

— aopjQ 

OM 
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EaMiJC   g 

.•ei  en    614.6.8 

XIOOO Uaetoheö 

japioan 

japjoan 

paqsiuTj japJQ 

  paqonojaH 

 ssfjnuiaH 

 jopjO 

•ON 

*$$ 

litt pit«ve 12. 
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fftldT ^a 

66   -    Crsok off Mt. 

nn* fimotur» b«ii»««a t»o p«rti. 

57    -    •inoiu^lon* »t •«• on Xofi of ormok it ••««« 
around obout 4ft* fro« It» orl»lo*l lowtloo 
in tno PIHU wt«!. 

rin« fraoturti oxtono boyond « portion of 
Bftln or»»ok. 

24    -     ^•continuity of or»«k. 

•Inoluslon" on loft of orao* bas boon »»irloö 
around fro» IU originaX norltontal poaltlon. 

66    -    ^nd of ■•in oraok aoown about oontor of print. 

Flno faintly nolbla rupturo» appoar tu rl«nt 
of It. 
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Ü&W ,.,A 

■\.<90li-er,     G14.5.6 

x,looo 'netchtd 

japaoa^ 

japjoaH 

paqsiuijj japjQ 

paqonoiSH 

siiJBUiaji 

 jöpjQ 

9UißM 

-  OM 

oe pa^«  14. 
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$1   -    nn» fmotur» run .lug l»ft fro« tor  of oruoJi. 

•laclufilon- nbove orßck. »oved out of potltlon. 

66    -    Fin« frBCtur«« oxUadlng from ond of «Ide arm 
of orftck la uyp«r lialf of ^ lolur«. 

"laolualont* «bove or«ok. 

&9    -    Fin« fraotur» abovo *nd to rl^ht of or»ok. 

Fin« fmctupe below or«o)c «xtandln* to »Id« 
branoft of nalo oraok. 

87    -    5ph«rloal •Inolmlon* «t junction of naln 
oraok and aid« on«. 

fin« fractur«» running out fro« saall branoiies 
on loiMir »Id« of »aln oraok. 

28   -    No «ppar«nt fraotum «xWndlng b«yond «nd of 
»ala oraok.    Kxtronc «nd of oraok appoars to 
bave b««n oauMü by forooa wnlon ««re porpan- 
dloular to thoo« oaualng tbe naln portion of 
tb« oraok. 

89    .    Pino oraeka oonn«etlng dlaoontlnuoui aaotlon» 
of naln oraok. 

30    -    ialn oraok dlaooutlnuou«. 
"Inolualona* in rl^nt i>ortlon of tb« print &ro 
•«uns out of tbalr horltoatal {>oaltion. 

76    -    »io •vld«no« of fraotur« «xtondlng boyond «x- 
troaity of naln oraok. 
•Inolualon* balo« oraok a*lrlad out of Ita 
original borltontal pooltlon. 
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WOU.en    614,5,8 

X10(X) nnstoJa^Q 

  japjoan 

 jspaoa^ 

paqstuij JdpjQ 

 psqono^H 

 s^iBuiaH 

- jgpjQ 

— diueM 

 OM 

..•« pag« 16. 
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fiO    -    Fraotur« «t «nd of Inclusion, 

on« «tt «nci of orAOic. 

74    -    Dltoontlnulty of or*oJt. 

72   -    Gr&oJce n«er «dg« of penatratlon OÄVlty. 

fin«  fraotur«« «xt«nülng ö«tw»«n part« of 
•mailer or>.cKr. 

7d    -    Mo «prwirent fin« frwotur« at tMi^lnrilnÄ of oraok. 

70    -    Craok off««t.     Pin« fractures pr«»«nt In g«T9r«l 
•xtrtaltl««. 

Two «tralgtot iln«» at l«ft of pfcotomlorograph 
.-re "inoluffloat". 

71    -    Fin« fraoturc« -a «nd« of «aall oraok« and also 
b«tw««n two -Inclusion«'*  wHloh occur In lo*er 
iuilf of print. 

32    -    iln« fraotur« at discontinuous «nd of «»In crack, 
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4'*Vi!-i*U      614. &.8 

«e P»^» 1ft. 

japjoan 

jspjodH 

paqsiutj idpJQ 

 paqonoian 

 S3tJBUJ3H 

 — jepJQ 

31UÜSI 
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KaläHLü 

61 * '»Intly visible fmoturo «xttnding beyond 
ti«ftirmin^ of or^ok - &aoUior «xtenüt trom 
very ■bort rupturt »i left of Min er O«. 

36   -    Craok cutting turough largo "Inolutlon-. 

rr^oture «l laft «xirtMlty of  ^inclusion*. 

73   -    Dlsoontlnulty of ornoK. 

Ine borliont«! fmeture «xtondlng fron tlih«r 
•Irtt of small  «inolusion*  b«t*ten two orun&ne 
of oraok. 

M   •    Dioeonilnuity of orook. 

Pin« fr»oture« «xiondlng fron «xtroBitl«« of 
■on« brftnoä««. 

36    -    Crack dlooontlnuout. 

rraotur« «t l«ft alae of alstortca «pheriobl 
*lnolusloo*. 

62   •    Crmok dleoonilnuous. 

iiawkll ',^noiU!*iou,, nnd fine fr otur« at begin;ilsg 
of middle ••etloo. 

64    -    V»ry  f&lntly vltlbl« fr«otur« «xtondlng ««11 
b«yond «nd of oraok towftrö bottom of print. 

*Xn«lttslont*,  not oraoke»  at uppor left-band 
•ornor. 
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aoMau MttJüLittiäir  a 

XIOGO Unetcßed 

:-»ee  oag«  91. 

jspjoan 

japjosH 

paqsiut^ japiQ 

  paqonoian 

 S3fi8UI9H 

  JopjQ 

diUBM 

—  OM 

■•BO» 



Folter   2 

7ii   m    Fin« fr&otur« b«t«r«tn main omok and Motion 
or arson to i«rt or it. 

luoluaion" oolow oraok !• distorted. 

77   «    Fine rmoturoe in pint« Material oatween two 
branohee of eraOK. 

61    -      eotlon of nlate m^tal ti'Ap« «ü In oraok. 

79    •      ectlon of rupture ülseonneoteä fron «»in 
eraok. 

ov    *    CAViti«»  t>fet««iftn  «eoUun naotiii in 79 And 
•«.in cr^ok. 

--.i- 



.peclweii    Ü14.C.8 

X1000 
netcueü 

jspioan 

J9pJ09H 

paqsiui j iapiO 

 paqono»9H 

— 83{^3UI9H 

- jopJQ 

91UBN 

—  ON 

off pafit  25, 

•St» 



FolfdT H 

66    -    Dltiortcdlnolutlons" - fin« frcturee ex- 
tending fro» tOBMi of tn«n. 

52   -    Pin« frftotur« «xMnuing fro» right «xtnmlty 
of both '«loft, «trin^era*. 

64    *    Ho «Tideno« of fracture« oonn«ot«d «1th tueae 
"Inolualon«*. 

56    •    v«ry diotorted ■inoiusioni*,   fine fraoturte 
eoeomp&nylng eove of theie. 

ad   ~    ^Inoluelone* dietorted • etidence o:   fine 
fraoture ^djainin^ «one of taeia. 

62   -    Fraetures extending fro» spheric 1 ^inoluelon" 
»t rlf'juw of print.    Fine fmoture extending 
fro« lon#( •Inolueion* in UDper pert of print. 

64    •    no «Tideaoe of fr««oiaree »oooepenyin«^ these 
"luoluelone*. 

86    -     ittorted "luoluclone".     Fraeturee et bath 
eldee of epherical particle «t to;- of fltild. 
ine freoture to left of 'etringer'* et bottom 

of print. 
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fflMgr M 

b5) Fr»»^8ont»tl * Inclusion« ^  typloil of i&nnj 
67j    -    found In area belo«  :en«tr»tion oavlty, 
65) sow» bftlrv^ well £o«i in pint«.    Soil  »etu^l 

•iiMrp bre*k« In Ui« "atrlngwrs .    Not found 
In ro^lon» reraote fro« pemtr>lii »ection. 

103    -    -xsm«  •Inoiusion-  thown In SI öfter 8* Mltßl 
etcli.    J/icJt of eh&npfi in ««»ttllof'x^rhic 
etruetur« l«Meül«tel7 ficijfeotnt to It Indiente«. 
tfcftt tije p«rtlol« fldgftt hav» o««m saattored by 
an •lfttU«#r»Ui«r tftan cy a plaatlc d#fonwtlon 
of tn* itetal. 

103   -    A li^ntor print of u»e  seme pbotmdLorogrttpli 
•novln^ Wiat  tne  "Inoluilon* hma not twoti lost 
by otonint*. 

1G4    -    AnoUier fr»o«ont«<l "Inolutlon* - not plioto- 
gmp*u»ü cwfor» «tobim».    H«r«»f too,  m«r<- is 
no •vldeno« urounb tb«  ^ttrlntfir** of a on«ng«ü 
ntt&llo&ra: nio   structure whlob TTOUIO be  ax- 
ptctod bad tb«  Inoluded ruat«rlftl bo«n aored 
tbroab pl^stlo dtforrotlon.    To Lb« left of 
•»nd «xtennine  below It la the last remnant of 
ft "wnlte band"  «« u «»rg«» Into tue pint« 
Mini.    For location of thl?» "iblte band*  «et 
pbotoalerotprapn 0f «tebed «peolmen at 10 dl- 
nantern In next folder. 

* Tn« oottlblllty that this fra^entatlon 
ocourred during the rolling of tb« pint« 
•bould not be exoluded. 
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.'ptoltton  ,•14,5,6 

X4&C &■   «i^*1 

•««  '.»'fß 26. 

japioaH 

japjoaH 

paqsiuij japjQ 

 paqonojaa 

 s^jeuiaH 

 JOpJQ 

91UHM 

—   OM 

-;.&- 



WM* a 

F*u>to«loroi5l*plit at 10 dl««t.ri JäO» J?^1^* 
nuatwr of  •«felt» toaü»' o« •p»«lF«n.    TÄ«y •*•• rJr 

wftloü »xtonct boyond tö««. 

156) ütructuTRl OoUll,   l»rgo oraeli« and flno 
lib)    ~    ornokP In -wiilte  öana'*. 

K»r<l ■Äterlnl of U» bw"i !• ln r,ll?f * 
oeiic« •truotur« of PIAW »•*»! 0*i4r^^D# 

foouwd «t »*«• tla«».    Ji,«» ■** Ät,xt? 
It B«y o» 9»on tiMit Ulis aeotlon of tu« 
•wmie b«iiü" lt intioptndoni of tii« a«ln 
crsoics. 

Not« flow lines »t outer edge» of bimd. 

-S*. 



rtjlomr „IQ 

xiooc a* uiui 

-2V- 

 jspjosg 

 japjoaa 

paqsiuij japjQ 

 paqanoiaH 

 jepjO 



UHMSMUk tl wM 

XOX ~    DvforMd mX*l at lovtr tcL^,« of ponttreUon 
oavliy. 

94    -    '»bit« ötinn"  in oonjunotlon «üb t ttnin ersck, 
in» omoict but pmotloallj no doUll alt- 

c»miblt. 

«8    -      ad of * Mln crtofe with "wniie o«nd* extending 
b«yo«c it.    CrwoJit but no dotftll In oanc. 

91    ~      b&« at y;-; but pnoto^r»pA*Q ■•ita obllnue liiuu.l- 
nation.    Nott flow iin«t in band. 

90 - oa-.ia-.lng of creek at lower «td&t of panatration 
cavity. Ho datail in •nita band« running par- 
»Hal «ltd on« branon of oraok. Ine datail in 
ramaindar of araa wdion it daforaad plata uet*! 
at ad«a of oavity. 

B9    -      urn« at 90 but pboto&rfipbad «ltd oblique 11- 
luaiaatlon.    No datail in  "wnltt bano* but flo« 
linat art vitiblt in rtglon adjoining it &t ^«11 
at in tdt plate ««aal. 

96    -      eotlon of *adit« band" txtanding aorott plata 
between t*o aain eraekt.     Ho detail «itbln band. 

97    -    ..aae at 98 but pboto&raphed «itb oblique illumi- 
nation,    flo* linet adjaoent to and »ltdin band. 
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EtfJtt ^1^ 

100    -    ^»ßlon of »wtolU tymnü" to Pl«lit of area 
•äOTO in M.    Ho *9%tX in b«ad.    ütruotur« 
or pi»tt ««rtai «pp«r»nU/ unoiu.i^»a aear It, 

ü9 

»t 

a 5 

90 

- ^81»   ht 100  but paoVOttTftpÄOü  nu oDilquo 
iüir1*!^^'     Flow llat» »iiiWi within baiiü «ad lo adjoining torrltorr. 

- 1*M» band Buoirri m 98 and 100 at it oroaiaa 

fr&ctlo&ll/ ao datall witaiß tüa wülta area. 

- M9 as S6 but photOßTapÄed »ith oblique 
lllualnauon.     Flow Unee ana oraoke Si.ible In  •white band,,. *•*«*» 

- Light«r print «nova crook to better «dvantage. 
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t 

p«oi   «u    614. &.c 

X100C (5f   HIU1 

japjosH 

 japjodH 

paqsiuij japJO 

 paqatuneH 

— sifjeuiaH 

  iopJQ 

-  ON 

•»«so* 



rpiftf üX 

109    -    •whit« bwl<l• running partll«! wliü «nö to 
tu© left of a actm orKOk - n««r «re« «ho«n 
in Foiaor #10 - 04.    MulUonAl otohing 
witk 811 uiul lias rovoftloü oonoidtrable 
•truetar« In bond.    This ««a orortxioiac 
In UM f>r*»ont illuitrf«tlon «nlcn wot aodo 
In oroor to «now to« doti»ll in tue Itol&ted 
•ootion of "»nit» bond"  cotit»lnoö »Itüln tne 
orooii. 

lOB    -    soat oroii ano n in • olcior    10 - 91, 93. 
toidiUonol «toning «itb 2^ Nit&l bos devci- 
opsä pronounoÄu «vldenc«  ot «truoture. 

110    -    ^oo« ero« «ftown in Folaer ;10 - 96, 06 »fter 
«dditionial «toning *itb 2P Nitol. 

Moto int«nBeäl«t« oeUl  atruotur« Dot^een 
^iRt« «at^rii«! nnö  "«bit« b&aü*. 

14.^) «otlon« of to "wdlt« bond* wbi«b ooour« in- 
140) -    d«p«naonUy of »aln or&oke.    Vbl« Is tn« lo«t 
141) «urfoeo to bo    olisned »nu pnotouTopb«ö - it« 

praporotion i« aiacrlooa In tne t«xt. 

Tbe «ff»otiv«no«» of » b* Nit«l «tob wmf be 
not«d in tb« ««•«Itn of fi.*« uot»ll wüioh is 
oftoily vi«ibl« *ltn ordlnsry illuoinatlon. 
in intorawdlot« «tructur« ocour« b«t «*»n tne 

band ond to« plat« Miol. n» lÄtl«r boing 
ot • low«r l«v«l froa tnut of tbe whit« a»- 
toridl,  iti «tructur« i» not in foou«. 
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mm na 
t«olDen    öl4.6.d 

W000 (5< »U«l 

-5iv 

 jspjoan 

  japjodH 

paqstuij japiQ 

 paqono^H 

 S3IJBUI93 

  WpJQ 

—  OM 



Egmc tit 

106    -    lotion of "whit« band4  (MUB* «ton)  *ho*n 
in ^olö^r fXC - 98, 100.    Higlier mt&iitio*- 
lion .«itii ortilaery lllualnatlon reva^le no 
furtitier detail Umn l«f aaen at KlCOO. 

IQb    ~    .>aat »• 106,   out :,noto,. rut aec wltn oblique 
iliUMination.    ^low lina» wnicn tnis type 
of illumination laaOa vial01« at XiOOO &r« 
i.ort} easily eeen nere. 

i ronounoaa evidence of crvc*.« vitain tue 
OanO. 

lid    -      ecUjn of "walte banci"  oloee to Uif<t amown 
in 106 and 106 after an additional etching 
with 2f Hital.    utruotural aetaile am 
viaiole   -ith ordinary illuain» tlon.      ee 
text for oosiaenta concerning laoK of aharp 
outlines.    Kote crROka. 

•55» 



SpeolMH     614.5,0 

—  japjoaH 

— jspjoag 

paqsmij »pJQ 

 paqotunoH 

  s^JBtuan 

 JopiQ 

— diuBM 

    OM 

..e«  pi»£« ^6. 
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fglflf r til 

123   -    Portion of on« of Itolsiou pittotios of 
"whlto bond** «ftiorlAl pmtont &t Ootiooi 
•d|&o of ponoiratlan OAVity.       truotur« It 
•tlf-ovlOont.    Th« blAOk lovor part of tin» 
lllttotrsilon l§ tbe loo«tlon of tu« plat« 
aotol «üloh Is at * 41 ff«rent levsl. 

124   -      •otlon of "«alt« btuad* jittaohod to aid« of 
omok whloü b«e£.ln« ai lovor ads* of p«n«- 
tratlon oavlty.    Contalot «truotur«I dotaila 

eladlar to Uio«e in 123. 

12&   -      «ctlon of a  '«bit« band* a« it «tarts to 
•xtanc stwtty  from a sain craok.      structure 
like  that In 182 and 184.    Band at fauch 
nl.Jttcr 1«Y«I thin iJUnt«.    Latt«r 1«,   tnr»r©fore, 
out of foou« - a condition «xl«tlng in «very 
illuatr&tion contained in tnl« folaor. 

läl   -     ootlon of sane  "whit« band"  a« It appanr« 
la region to ri.nl of 126. 

-in«r 4«t«ll  JTid«nt. 

123 - uwetion of «MI« *whlt« band" - to right of 
121 • 4u«t bofor« it oro«««« a sialn crack. 
Koto fla« er&ok« and a«tall witnln band. 

1S7) _    äaa«  *vhlt« bwi* after orotftinc th« main 
136} *"    «rack ««otion«4 und«r 1?2.    Hot« pr«««no« of 

fin« «truotur«. 

z -it- 



ftfldar jia 

129    -    OUM  'wblf b«nö* in ««r«» to rl^lit of 18? 
«mo iafe.     Ärk  «pot« within b»nd ^r« not 
c»vltle#.     th^y  ar« «ctu»liy tyr&Jf-colored 
inclusion» wüloü In Wxl» lllu»tr»tlon ar« 
bUoii«n«ü by til« ItngUa of oxpoiur* neo«»- 
•»ry  to bring out o«!*!!» In in« »nit« 
»btarlftl.     melr «mootnly »pberlOÄl t^p« 
&pp»»ri to bate b««n undleturbtd oy tne 
SifonMttloo of tn« «etai.    '*bl» ^on* ?' 
nu»»rou« InttitnceB In wnloh  auob "Incluiions 
«tr« ob««PV«d In tbe band».     An «»plarwitlon 
alfebt b« tböt ta« Tlol«nt traction whloh 
induooa th« forwtlon of tb» -wblte b»n^» 
Ä«n«rfct«a «uffIcltnt bwt to ««It «ny laolu- 
»ion« «Alttlnti in tb« «c«« n^lon».    Upon 
•ub«»ou«nt »olldlflottlon, tn« p^rtlol«» 
:e«ua«d th«lr nor»ftl «bftp«« end tbu« pr«e«nt 
tne ftpp««r»no« of bann« b««n un»ffeot«d by 
tb« «aoofc of p«n«tr«tlon. 

«e also tb«  fin« crack« wblob ••«» either 
to «tnrt or to «nd at tn« *lnclu«lon8  . 

-at- 



FoldT   ,14 

ap«Oiffi«n   v614.5.8 

XiOOC 6^ N1U1 

  japjoan 

—  japjosH 

psqsiuij japiQ 

 paqono^H 

——— JopjQ 

diUBN 

-  OM 

«e pag« 36. 

-at- 
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rgjutr os 

IA3)        Lotion» of  "»ölt« o*nd-  tbown »t X1O00 
146) -   la Folder /ll - l*vt Ml» 1*0• 
147^        Fin« ü«tfcll «aid oooaslon»! cr&ck» »r« 

present. 

144 Idantio«! with 14Ä.  146,  and 147 but pfcoto- 
146) -    fir»ph«d with obllqu« lllußlnutlon. 
148)        Fine deUil itlll «pp*r«ni.    Hew. however, 

le ewldenoe of the furrowwd condition of 
the iurfeo« whloh preventi the pweentetlon 
of well-oefined etruotuml charflcterl^tlee. 

149   -   A narrow portion of a "white h«ndB »e It 
•erit.ee Into the plete aetel.    The letter I« 
at « different level fro« the herd white 
neterlel and coneequentljr not In fooue. 

100   -    i»a«e ae 149,  but photo&rephed with oblique 
llluninatlon. 

Kote fine oreohe« 

130   -   Another part of wane • white band" ahown in 
146, 14«, 147,  for *hloh there le no oor- 
reetonuin« photoialorofereph »ade with oblique 
lllUMdnation.    Wote "Inoluelon*,  fine orach« 
and very evident  "»truetutv". 

-^7- 



.<{>• olaueu    614.5.5 

sÖO UotiOlMlA 

 japjodH 

 japjoan 

paqsiui^ aapiQ 

 paqono^H 

 sifjreuiaH 

  aopjO 

   9U1BM 

    OM 

-39- 



t 

JtöO Un«lclied 

  aapjoa^ 

psqsiuij iapjo 

  paqono^a^ 

JOpjQ 

OM 

-40» 



apt oi M n   . 614,6.6 

/60 Unetehad 

 japiosH 

paqsmi j japJQ 

  paqonojan 

— sqjmuaH 

  japjQ 

  91UHM 

 -ON 
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yQlü»r .la 

xio i4 wit«i 
X30C lf   Nlt»l 

-49- 

  japjodH 

 — J9pJOwH 

paqsmij japJQ 

 paqorunoH 

 ssfJBUiaH 

 — JopjQ 

— 9UIHM 

—   ON 



EfliatC   3A 

c«.^«"».!   S'r,6:«:«-"^ rin.r "jhlt. B.«.-- 
•xiat  in Ulli  «ftBpl«  Uu*«* in  »peoi«*«* 

54 

M 

. ..«ion H^-üvtÄw 5Ä-,usrr£&— 
cavity »no»lnft & "*«^J«     ,?ni.« .•!«!.    Ko •▼!- 

-    Branelxlng of « ••hit* b»nü    » 
p«n«tr»tion c»vlt.y. 

in« b«uü. 

•45- 





lsl$*r~~ll 

46    •    A  "wait« öftnüi" dlwotly oelow p«n«triktlon 
oavlty.     Pin«  ueiftll  vlslUl«. 

46    -     &••• »• 46»   but pÄOto^r*5'iWi<i *lUa obllqu« 
UliwiiutUon.    fU* Iln«» »»f *>« «•en öoti» 
•IVüin tue b«nd and iMiJ*o<M*t to It. 

57 - "*Ält« Dana* dlmotly ö»lo* pon»tr«tion 
onvity »• it »ppf»r§4 »fter rtpftlttfclaf 
*nä »n «ton »itli 2* HlUi. 

xtreaeiy  line <i«Uil »na crwok« »r« evident. 

M    .    A  "•white bBnd" »»It »ftkes « turn In region 
cwlo« penetration oevlty.     l roaounoeo  fine 
•truotur«. 

68    -    4  ««aite oftnti''  »e it oroeees between two 
x»ln oreoke.    ' t tfce top  of tble I Hue t ration 
la the normal plate »etal.    Then follow:    tne 
band oontalnlnd very fine detail and an un- 
dleturbed »Ineluilon-, a region of Intenwdiate 
•trueture and finally the distorted etruoture 
of tUe plate. 

60    -    section of another •white band-  with Ite 
further evidence of etruoturel detail,    rhls 
photo»lorograph, ae do all the otnere In the 
present folOer,  eerwee to llluttrate the 
•trlklnft difference between the axtraBely 
fine detail wltnln the •white bände« and the 
rdatlwaly ooaree »iruoture of the plate aetai. 

-45- 



läX^L^l 

60 -    Tut ooapariton it sntf« poeulbl« by tue 
Ooni*d.)       fcct tUftt Iä« «hit« mnierlnl in thlt 

•p«ol»«n,  unllKt tbfct In »iflcliw«»»    iil4.b.tj, 
oould b« cuv cio«n mor« nesrijr to tu» lef«l 
of UM pl*t«.    Tiui «or« r»vor»bl« respont« 
to tatf polloliiag notion ia4lo«t«t » ttstt 
of loaoor Murünot« tban that of tu« bmida 
In tpooloon    614.5.6 • du«,  probhbly,  to 
tne «ff«ot of Uu» te [ «rlniv to »nlcn tue 
•Air.pl@ %»«  subjactod. 
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-»peolwen    614. &. 6 

x^ooc 

»«   '.-/^..t   4&. 

(1* KitAi 
Kitfti 

 jspjosH 

 jspjOdH 

paqsiuij japjQ 

 paqsnoa^ 

— japJO 

-47- 



PoldSILiSfl 

illusvrfttiiift tä« obMrv«Won %h»i ifc» 
«truetur«» nthln the •rhlit   Dttn^M*  of »T eol- 
••n ^«14.6.5 of«»« to te of •« «von fln#r 
ora«r Vö«n tn«t prtttnt la tat »whlt« bflnd» 
of   «peelBs»«    614.e.B. 

48   -    Knotfc»r portion of «ro» »«•« J" f014!^ ü ' 46, 

tai» lll«»tr»tlon,  too,  omoapUfiot iß« n«c- 
«••ity of uoln« »»ünlflexion» irr«»t«r ja«i 
WLOOO la ordor to rstolv« tae  fine a«t«in ao- 
ourrlnc in th*  "whilft tonnd«"  of «ptclmtn 
f^14.0.0. 

bl) 

49)        lotion« of -wait.» Ofüid«  »aown at X300 In 
6ü) -    foltior #!• - ß4. 

4« »nd bi art »t   oint» «höre tno band nake« 
« turn. 

All tare« pJiotoaloroftrapii« t*«Ufy to tho 
prooono« of minute •tniotural aeUile.    Thj 
b«nae in •▼•ry o»ie are to wid« that tat platt 
Mtal it txoludtd fro« tb« print.    TUty art 
•XleJ&tly in rolltf titb rttptot to tat platt 
«Attrial bat not to tbt taiw» txttnt at art 
tnt Dandt in «ptoimtn  'Ö14.&.6. 

be   -    h  -waltt band" taitb ooour» in oonjunotion wltb 
a Btin «raok.    Tht band, tlta Itt fln» itruo- 
turt» apptart at tht Itft of tht oraok &n<l tut 
plet»   aetfel 1s Tülblt at t3M» riebt. 

Sl   -   Fortion of arta tboen in roldtr ^1» - 67. 
Abunaanot of »inut» out not »burply-dtfintd 
dttall. 

•48- 



- r*\&mr Hg 

68   •    MM •• «1 tout photos-TÄDlwd »lift obllqu« 
llXiwlnatioa.    n*v«Ali furrow«ü condition 
which It Miob !•«• stvtre tluui ttoi of 
•pcoiMn  /«14.6.8 but wniea i« »uffioient 
to iiooount for the Xnok of »harply-ocfinod 
»•tallotirapnic oÄ»r*oUri«tlc» in 61 »no 
in oil tfto pfcotoftioro«rapfci of tnit foldor. 

63   -    Portion of oro» anow In Folöor #Xt - 68, 
Vory fin«,but rounotd,  itruetur«! öotmil 
proaont. 

64   -    6MM »• *5, but pJliotc6rspb»<l «itb obllauo 
illUKinotlon. 

««▼y ÄPpo«r«noo of furfBO« ft«*in «vidonood. 

-49- 



V.    smumary of Obaenrntlone 

i.     f^in Craok  S^gtea» 

Sp«olaen ^614.6.8 WäI pÄotogrepned un»tohe<i 

«t X60 and XIOC'C.     Hhf imin craok« cj»u««a by tue pene- 

tmtlon of th«  Dull«t »tr«  »etf; Vo b« Tery dlioontlnuoue. 

Offsetting »ft«  fr«qu«nt.    M»ny continued «• ▼•ry fln« 

frmoturtt »Hlüfe wtr« vielblt «it X1000.    AltJiougb •Inolu- 

•ions* oocurrid in oonjunotlon «rlth some of tben,  ther« 

mat no «neume«  that, th« oraekt wtre feraatiy lnflu«nceü 

by the praeanca  of tb« noäiw«tftlllo altaent» in tae plate. 

!ip«Qlia«n f7{>14.5.b *«• photognupütd 'iiietonad at 

xeo only, Ihn conditions llluatrated for //614.6.8 being 

coiB'-ion to üotn  säuaplas. 

:3paolufein ,.,*(r.i4.ö.O 

study of tb« unetebed metal revealed tbat pertl- 

olee of nonmetalllo elements were very nuaeroue.    Many of 

tben eaowed evldenoe of baving been enung out of their 

original poaltions (eoae to tbe extent of 45°)  tbrougb 

tbe moveeent of tbe plate «etal wbicb eoourred wben It 

was penetrated by tbe bullet.    In soee eaeee tiny oreoiti 

appeared at one or botb ende of tbe particle. 

-eo- 



k nunotr of •liwlttiion«" In the region oelo» tne 

paneimllon onvlty «xMblUa ä peoullar «ffect In that 

tUty wer« fragnented - off«et Into oleanly cut blooke. 

Ähen etched,   the metal around taem failed to «how Bl&n* 

of plastic deforiaatlon.     It was concluded,   therefore,   that 

the particles might have been Jarred by an elfte tic* nnve- 

■ent in the netal. 

Other «incluelon«"  in the plate rolled to reveal 

oraoke or diitortlon ol  any Kind. 

The nonmetallio particles of specliaen ?dl4.6.ö were 

not photographed but they were generally eimilür to those 

ot   ,-614.5.8. 

si.     'tohintf 

atflto  J&uük  
Monaal        :     1.  Pliste  structure revealed. 

2* Mital       5 
i  3. "White bands" visible. 
» 

:  3. Kormsl Illumination: no detail In 
:     "white bands". 

:  4. Oblique illumination!  flow lines 
present in "white bands". 

Prolonged :  1. Detail in "white bands" which occurred 
2*  Nital  !    in conjunction with main crackR. 

rrolonged i    1. MaxiMua detail in "white bände which 
b* Nital  :    did not coexist with main cracks. 

± 

•The poseibility that this fragmentation occurred 
during the rolling of the plate should not be 
excluded. 
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jklaii  
Normal 

1^ 'iltal 

 USMSl 
1. Hüte  structure brou^vht out. 

2. 'Wait«  OKuids"  vidiöl«. 

5.  Korwül  llluaia&Uua:    aa u#x.all  in 
'wiaite bands". 

4.  Obliqu« illualnätlou:    flow lints 
präsent in  "»&1U  oar;as". 

irolonsed      t     X.   D«tÄll in •white b«ndaH which oc- 
1* Nltal        : ourred In oonjunotion with onuoKa. 

Prolonfttd 
2f  Sital 

fciaxlKiua de teil In ''vfhlte bände1* 
w^ioh did not coexist with au.i<. 
cr»cks. 

'»pecliuen ^614.6.6 w&s ouch (»ore responsive  to etching 

thftn tms   apeol«en   ,614.6.8.     It  was noteo,   too,   that  the 

"wnlte bände^  which wore  Intertwined with tne «sin oraoke 

-4»r«,  la general, more  oaslly ctchec than ttose bands 

which extended away rroa the oraok». 

ii«  QXMkk 

In both äpeolmene the bände oontalned a very greet 

nuober of cracks,  eoiae of wnlon were visible at X^OO, others 

of which were Just discernible at X^OOO.    In all oaeee these 

craok« were seen io wuch better advantage whan the  sample 

was atudled with oblique Illumination. 

-6V>- 



flow Linaa

Allan Tiawaa «ita ooli:«ue illuaiaottoa Uk» bonds 

in ootn apaoiiaens warti f>junu tu possess sTldsnos of sstol 

•OTSBsnt in ins lora of linos of flow. Theso ooourrod 

also in Vnc BtrLsx >-dJi.cc.oV to tus /hits rations. Thsj 

baosBS Tisiole wit^ aucn less atohin^ than that which 

was rsquirod to produce struetural details.

"laolusions*
Many olshrly-out, undsfonied prrtiolaa of iion- 

nstf'llic ftlsBitjnte *sx’t oui enrcw ■within tne "whits

bands* of both sanDlos. Their occurrence was considered 

noteworthy since the banUt. thcciJelves bore witness to the 

drastic raaotions -.Lien aust h^ve taken olsoe at the b/- 

■ent of penetration. The undisturbed aprearanoe of these 

*inoluaions* was oartloularly striking when they were oo»> 

pared with tuoae found eosttared through the plate natal 

beneath the penetration oavity. It has already been 

pointed out tnat sons of tne latter *:ere r-reatly distorted 

wx'.ile others were ehattered to the roly-defined fragnents. 

The preeenee of unoeferneh pariioles within the "white 

bands* was* Uierwfore, ineonalstent witn the existsnos of 

oaoly autilated ones turouguout tne plate.

As a probabls explanation of this ineoneistenoy 

it is Miggssted that ths foross whion induced the fomation 

of the *white hands* generated enough beet to nslt any

-bd-



"Inolualon«'' ooourrlng In tne  um* regions.    Tb«  sub- 

sequent aollaiflOÄtion ol   »uon nartloles would aooount 

Tor Wie fact  Uftt,  »ppftmatly,   tüoy  were unaffected by 

saook  ol   tue  penetretlon. 

iiorm»! etcnlng appeared to n/*ve no effect on 

tae  "wnite öend»".    Prolonged etching witd 6^ Klt»l in 

tne 0Ä8e of specltten  /iil4.fc>.B and wltn 2r Nltal in tne 

c«i«e of   /614.Ö.5 revealeu quantiUe« of fine tdougb rounded 

detail witnin the bunde.    The öimost complete «öeenoe of 

onarftcteri.itic well-defined  atructurfti outlines was noted 

and explftinea with the aid of obliquü lilumlnutlon,   through 

the use of  Adlon It was possible to photoftraph the real 

surface conditions of th«  walle reglona.     The letter,  as 

has been shown In the lilustrfctionr.,   *ere herd enough to 

r«j«l»t tne cutting p.otlon of the  ^pecraen-pollsnlng.     They 

preeentea to the mloronoope,   therefore,  not flat,   satoothly- 

fij.isheci faces but rather irregular,   cracked,  furrowed ones, 

the  structural features of which could not posalbly be seen 

as normal raetrllographio outlines. 

The difficulty of wearing down the "white bände" 

to a proper level ras furtaer attested to by the fact that 

they stood out In £ro«t relief frosi the plate met si.     Those 

in epecioen ?/«14.5.6 exhibited this effect to a less degree 
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Ux*a did iiM b«oiai 1a tpcelMa ,/dl4.6.8 • ft oirtuMiftnoft 

wftlcd •ttribuitd to tft« prooftbl* soft«ula4 ftotlon of 

tOft Koptrine ir«ftta«nt to wAlob tAi« ftaftpift Had boon 

•ubjftotftd. It «ai bftlitvftd, too, tbftt tbft slli^tljr lower 

rwwirttanow to nbrawlon - l.e. ftoftnwfts - alglit ftXplRln 

tftw ATftftter riMafttf of fttructurw obrerred In tbe *vnlt« 

bftnda* of ftpftOlaftQ #614.5.5. In otbtr «ordi, ftltaou^b 

tholr »\urf‘tcwe w*rw f«r fpo« b«ln« flat, Ibo details wlUiln 

tbftft wore aat aore wrfwotlYel/ «n6 honoft were soon In s 

tru«r lii^t than w«re those in the rougher oande of spoolBon 

e6l4.5.3. Thlo ftuppoeltion waw ftu;’ported oj the fnet tniil 

the white re,4loae of epeoleen '014.6.5, when obeerwed elth 

obllnue illualnatlon, did not appeer to be es e?rteniivaljr 

funrowoo ae did tnoee of apaoltaen vdl4.5.8.

On the baele of the foragolnt^ obt*«rwfttlorie, 

therefore, th* followla^! et«t«nante oonoerulng bae nftture 

of tad "whltft booUft* are offeredt

X. THsiY CCMTAIN h/^tS'alt OF FI!« ITCTAII.:> WHICK IIIDICATi: 

THKlh CRYjTMJLINITX.

£. THSY ARS HARD AND RE31SIAIIT TO AlRAblON. NENCS,

ThKlR STRUCTURAL riATURF.S ARE VISIBLE AT VARIOUS L*nnCL3 A.JD 

NOT OH OHK i-LAHE SURFACE - A CC«D1TI0» VKICM ACCOUNTS FOR 

THE LACK or wELL-DEnNEO 0UTL1IE5 AND EXPLAINB WT THE TINY 

0HA1S3 tliVHr APPEAR TO SE OUT OF FtXJUS IN THE PH0T0¥ICR0aHAPH8.



7U£XK iVlLuiu: fO bXfiXiiV ACXCUUtR SiKUCTUHL It. 

UJ i-;U>OF YHAV :HU’ *^CK liiih Ctuii{*.C»z^itinCi» OK 

&7i.ZLJ tilUiii: iliCn i»';LU.d 00 A07 HAVii 70

0N4k OKKIWii'lVc ;^r£ OF STRUCTURAL ARRAlbOKkLNT.

RtapMifulU •ubBltMd,

V. A. iiorvon,
Asat. M«taLiur»ist

luk


