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UCH has been written
and heard about the
wood in tha Lindbergh lad-
der. But practically nething
has been said about tha 44
nails that held it together,
Tet thesa nails were ideanti-
fisd with uncanny positive-
ness through the research of
the author, Stanley R, Kaith.
His testimony for the State
ot Mew Jersey was not pra-
sented at tha trial of Bruno
Hauptmann, because thé cal-
‘apse of the defense alibis
made quick closing desirable
to the prosecution, Here,
tor the first time, is present-
ed, with tha consant of Af.
torney  Seneral Wilantz, a
most interesting story of
ndentification which tracas
=the ladder nails directly back
o the nail keg in Haupt-
mann’s garage.

a a -]

[N attempting to give
an accurate réesume of
the technological phase
3 of the investigation of
the nails in the ladder used in the
kidnapping of the Lindbergh baby,
the muthor is confronted with the
neceasity of giving precedence, in
an article of this nature, to the
technical considerations invalved.

The opinion that the 44 8d. com-
man wire nails used in the assembly
of the 11 rungs to the side mem-
bers, were components of the origi-
nal contents of the keg found to
have been partly used by Haupt-
mann in congtrueting his garage, as
in inescapable conclusion is one
thing; the laborious citation of de-
tailed circumstances, one by one,
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leading up to this point is quite
another.

To the ordinary layman, nails
are nails, in the absence of any
positive occasion to regard them
otherwise. Any references to fur-
ther characterizations are apt to be
construed as theoretical, Nor does
the carpenter’s practical contact
with them serve to develop a cor-
respondingly more intimate knowl-
edge of nails except for type and
size,

It is interesting to contrast the
criminal’s well defined respect for
finger-print evidence in contra-
distinction to the highly systematic
technology overlooked in the nails.
The striking analogy will become
more and more apparent when we
regard the grip marks left on the
wire by the chucking dies to be
parallel in effect to grasping an
article with the thumb and fore-
Anger.

However, the impression that
"nails are nails” and hence without
individuality is a prevailing one.
Even the nail producer considered
it hopeless to identify these ladder
nails with the eriminal, because of

their utter promiscuity in the raw

material and handling phases of the
production, and of the overwhelm-
ing numerical factor involved in an
snnual marketing during the pre-
vious year 1931 of almost eight mil-
lion kegs of wire nails, 25 per cent
of which were of the specific type
and size found in the ladder. This
means a field increment annually
of 200,000,000 Ib. of such nails, or
as units, 20,000,000,000 items of
this class!

A3 a basic similarity, all the lad-
der nails were observed to bear the
letter P on the obverse side directly

below the head and just above the
grips, as shown in Fig. 1, which is
made up of a series of macrographs
subsequently reduced in rephoto-
graphing for publication. The
significance of this index letter P
Bs a trade mark became at once
obyious, as a means of fixing their
mill * souree. Steel being syn-
onymous with Pennsyivania, and
more specifically Pittsburgh, a
prompt reference to a directory dis-
closed the fact that the nail mill
of the Pittsburgh Steel Co. is lo-
cated at Monessen, Pa. Thia plant
produced approximately 10 per cent
of all the nails*of this type and size
marketed during 1931, thus sarv-
ing as & detail, to reduce the field
from 2,000,000 kegs to 200,000 kegs,
This was by far too general to be
of muoch help as an independent
circumstance,

While all these ladder nails were
similar in respect of their common
letter P, they fell systematically
within eight characteristic grip
mark types, as the first sub-classifi-
cation, viz: ES TV A UG H. The.
numerals within the parentheses
beneath each such grip mark type
50 designated, show the number of
ladder nails constituting such
group values,

Even a cursory observation of
the series will serve to refute the
lay impression that nails are nails,
constituting as they do the actual
ladder nails themselves. Thus
singled out, they are as distinctive
in die<type as humans in indi-
viduality, A series of 100 speeci-
mens provided definitely from dif-
ferent assemblies while in produc-
tion, for such a study, through the..
cooperation of J. N. Reese st the
Monessen plant of the Pittsburgh .
Steel Co., showed no two alilbe-after | .

&



By STANLEY R. KEITH

Hetallurgical Engineer, Montciair, N.J.
Stead Techmolopist jor the Stare in the
Hanpimana Trial

a painstaking-study by the author,
and incidentally approximately
5000 invelved comparisons. While
thia stody was advisable from =z
iego-technical standpoint, the con-
clugsion was also obviona on the
bagis of mechanienl axperience, For
no die maker can duplicate his own
handiwork in absolute detail.

"Personalities’” of the Ladder
Mails
Returning to the more detailed
comparison of the macrophoto-
graphic seriea of Fig. 1:

Type E: Flattened loop section
of the P, which in extending. down-
ward, tends to shortem the stem.
The three upper barbinga curve up-
ward at theéir :xtreme right, while
the rest terminate horizontaily.

Type 5: Relatively new die, the
P is well defined and normal in
typographic form. All eight barb-
ings are so clearly defined as to be
disfinctive in themselves as a whole.
The sharp upward termination to
the right, of the third and fourth
barbings, and the characteristic
horizoftal wrinkle or fold in all but
the firat two, serve to distinguish
this type further.

Type T: The flattened loop seec-
tion of this P, while extending
downward, does not tend to shorten
the stem which is broad in con-
traat to that of E. The eight barb-
ings show extended proeduction by
thia die assembly, and are char-
acterized by a common declination
to the right below horizontsl

Typa V: Letter P of an &ap-
preciably larger asize, and loested
farther below the head than the
othern. The barbings are so dis-
tinctive in their hooked contours,
that this type is at ones dis-
tingunished from all the rest.

Type A: The letter P declines to
the right slightly from vertical,
and is 30 badly emaciated typo-
graphically as to distinguish it at
once. Overworked barbings show
sxtended breakdown of die. Curious
moan face form of the fifth and
sixth barbings, respectively outlin-
ing the eyes and mouth.

Type U. Here the loop of P is
deficient in its upper section, ob-
viously resulting from the use of
a broken stencil in stamping the
die. Head is particularly thin, and
there are characteristically wide
bars between the second and third,
and between the third and fourth
harbings.

Type G: The stem of the P is
quite pointed. The barbings “i-l;e
singularly horizontal, with well
rounded extremities at the right.
The head is thin.

Type H: The letter P declines
appreciably from wertical to the
right, with a broad and singularly
obligue terminating stem. [ts barb-
ings generally resemble those in S
but with convex curvetures of the
first S, while the sixth and seventh
barbings have singularly lipped
sections.

With this classification of the
ladder nails taken as & basic start-
ing point, the problem resolved it-
self into & research of Hagpptmann's
normal nail contacts with. a view
toward the possible paralleling of
these overwhelmingly singular fea-
tures, in his work-a-day worid.

Haupimann's Nail Keg

Among his personasl effecis
brought to Btate pollee-headquar-

TANLEY R. KEITH, who mada the

investigation of the nails- in the
Lindbergh |sdder for the State of
Maw Joray. He i3 with the A P,
Smith Mig, Co,. East Orange, M. J.
Mr, Keith is & graduate of Lshiah,
s former maetallographist of Bathle-
ham Stesl and later was in charge
af matallurgical ressarch for that

COMPanY.

=] a =]

three letters in red stamped there-
on, as part of & word terminating
with E C T. This keg contained &
remainder of 42 3d. common wWire
nails of the same size and type
found in the ladder, They all bore
the common symbol P, indicating
the same mill source as those of the
|mdder.

In this conpection, it was sub-
sequently established, when this
keg was taken parsonally to the
Pittsburgh Steel Co., that the seg-
ment letters were part of the word
PERFECT, and a careful -n_:nmp-.'rl-
son of their typogrsphie: details
clearly showed them to-have been
stamped by the same die-as that
used at Monessen in the-prepars-
tion of their keg heads. Thess:keg
nails wers thus: estahlishad as: the
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Tinutest detail, cype for type, with
those of the ladder rroup: and ig
muitiples as shown in parentheses
anderneath,

Further research among Haupe-
mann’s misceilaneous efects of-
cered 10 additional units, four of
which were removed by the writer
‘rom a pair of his overails. Thair
investigation, as shown in part
recorded by Fig, 3, disclosed five of
che total of eight die types, viz.:
E3V T and H, and in multiples
within the parentheses underneath.

Nails From Hauptmann's Garage

Extending this research still
further in order to evaluate the
quantity factor involved herein by
the original keg's status, what
would be more apt than to investi-
Zate the nails used by Hauptmann
‘n the construction of his garage
some time during the fall preceding
the kidnapping? Such a normal
nail demand would account for a
‘arge proportion of the keg’s origi-
nal contents, and from a reasonably
sized recovery there could be estab-
!ished the group characteristica of
these nails as packed at Monessen.

Unfortunately, the garage struc.
‘ure Dad besn wrecked during the
carly stages of the search for addi-
tional ransom money, but detective
Sornman reealled on questioning
that a considerably sized heap had
been knocked out of the lumber by
him in recovering the boards for
nvestigation purposes. Aceord-
ingly, 276 units were recovered
from this spot by respading and
sieving the ground. They were
naturally covered with rust, but
special chemical means were de-
veloped to clean them with a mini-
mum amount of wear and tear on
the grip markings. The resuolt of
their investigation are shown inr
part as recorded in Fig. 4. As
anticipated, they too coincided pre-
ciaely with the previons groups,
type for type, and without excep-
Elon.

[n order to proceed with the final
phase of this investigation, the keg
was logically taken as the legiti-
mate source of supply for Haupt-
mann’s normal nail demands purely
within the innocent province of his
calling aa a carpenter. Acecepted as
such, and without reference to the
ladder group for the present, all
the other naila were figuratively re-
turned to their known originad keg
and the resultant numericsl
strength thereby attained, mada the
basis for further extended analysis



of their common & die-type status,
inte coil entities as the ultimate
sub-division of their unit char-
acteristics, and for the more subtle
group characteristics which ensue.

Wire Coil Identities

L areful micrometer measure-
ments for diameter and length, and
accurste  pravimetric  determing-
tions by the use of an analvtical
taisnce, together with an ob-
servantiy construetive mieroscopie
examination of each of these nails
subjectively treated as units with
respect o their wire drawn char-
acteristics, congtituted the detailed
work necessary to assign the values
riven tn Fig. b, as indices of these
tecnnoiogical details possessed hy
the lot in the premises, The coils
fed to each of the respective die ag-
semblies were thus revealed. By
way of interpretation, it is worthy
of note that the length is & fune-
ton of Lhe die assemblr adjust-
ment, &nd 12 the same within each
it IFpe. irrespective of the eoil
used. The diameters, as functions
07 the wire arawing die, were par-
ticularly interesting in that they
iselosed the ellipticities commeon to
eack.  The weights, being & fune-
tien ¢f both the wire drawing die's
ofifice end the machine assembly
die’s adjustment, tend to show con-
sistentiy the effect within eneh die
i¥pe of the variations in diameter.
The fidelity with which, without ax.
ception. eagh unit revealed its cail
cifirzcteristies. was surprising. Coil
No. 11, having a double pick up,
showed i unit after unit, for ex-
Aampie, the ©owo MICrosCOpic chan-
neis or grooves alwave equidistant.
anc always diverging at the same
angie on the head and terminating
precigely at the same location in
the facet of the pointed end: while
coil No. 12, when magnified mpf-
ficiently, showed its broad channel
OF groove tw nave the same char-

afteristic contour and depth in ali”

the specimens alike thus eonfirming
the fixed form of the mecumulated
metallic die particle generating this
defect sz the common cause for
EACh,

The group characteristics of this
comiined sample of 320 units ac-
cordingiy reflect those of the
technological lot from which they
were packec, and it iz the size of
thie packed lot that determines Lhe
hoa! limit w which these ladder
nails may be restricted me an in-
verse function of their criminologi-
cal value
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Fig, 6 is a tabulation of the
mathemntical factors ipvolved in
the procedure followed by the au-
thor oltimately to attain Lhis end.
By structural value is meant their
total compnsite value in the basic
groap; while its reciprocal, group
integer, is the fhdex of the probable
numerical strength of the group,
required te develop thia particular
dletail, Coil angle and die angle
iwre: notations used in the graphie
represcntation of all thess factors,
in Fig. 7, wheréby their propor-
tional wvalues in the group are
shown in degrees along the total
vircumference of the circular graph
ns groop unity.

It will be observed at once hy
their size, that there is a pro-
nounced variation in their probable
wecurrences, illustrated as  con-
reived when spun as n roulette, The
factor in value involved in that of
magnitude, To develop therefore
the presence, an a detail of coil No,
fi conatituting ita remotest item, an
intimnte mixture of naila from this
group will have to be at least equal
to 84, Where the numericnl
stremgth ia lesa than this minimom,
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for example 44, their mathemntical
probubilities will be shown, aa in
Fig. 8, to bé that of the order of
their prominence.

Having thus analyzed their prob-
abilities, we may now construct &
graph of this lot, without the de-
taila of magnitude, in order to
make it comparable with fractional
groups numerically too weak (o
justify anything like a dependable
resplution to such & degree. Fig. 8
represents such a graph of this
bagie Joi, by showing the relsted
coils within their specific dic Lype
syimbols, and may be taken as the
pattern of the original mixture of
the keg's contemts as packed al
Monessan.

It is to the unit and group char-
acteristics of this lot that we shall
now refer the ladder nails;, to show
their complete identity.

Ladder Mails Coincide With
Basic Lot

Without tabulating here the de-
tuils of diameter, length, weight
and wire die conditions of these
Indder nails, i will suffice Lo an-

FLE. §—Tschnological peitern of specific lot ol naily on premiu,
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distribufion sbows i3 sxpactable,

|{Campara this with Fig. 11}

FI'::'. B Whare (he number ol asids i less thas &4, a5 for sdampls in the cass of the 44 takan from the laddar, the p:h‘b»phll
f—"

psdnee that they coincided, without
exeeption, with the values found for
the busic lot, ws indieated n Fig.
i, thus establishing to their re-
molest degree of comparison, their
romplete unit identitiea therewith.
The fidelity with which they showed
thelir group identity to this same
lot, is perbaps the most singular
factor in*uu entire investigation.

The missing ecoils shown by
dutted Unes ag locations in Fig. 10
fur Lhe ladder group, wheh com-
pared structurally with that of the
basic lot in Fig. 8, sclually follow
the predicted probability for the
numerieal strength of 44 nails
|u;u|:.l.|1“.it'd in Pig. 8, ua will be ol-
surved bn cumpering the order of
prominence with that actually fol
lowed by the ladder nails indiented
in Fig. 11. This is equivalent to
saying thot not only in every posi-
tive way, bul even negatively by
virtue of the absomea of certain
coils in the ladder nmil group, this
Indder group wae identified wa o
component of the keg lot.

Figs. 12 and 13 are graphs of the
two lesger componeats of this basic

FHE_ 10— Tachnologicsl patern of the 44 neils in the Lindbargh ladder,
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into the series by replicemant, wo
too there is & new coll added to the
setup every 8 min. Since tumbling
EeTVes, unintentionslly of course, tn
integrate such a composition every
hour, into & translent mechanical
mixture of these varying and
progressive phenomena, it follows
thut each succesatve dincharge from
the tumbler is strikingly individual
after un hour's tumbling intc a
composite mixture of coil combin-
tiona within the closed series of die
types. As » corollery, thers could
not therefore be more than thess 16
kegs of such nails, ever produced
be or aver to be produced sub-
seqlenitly,. Even the ssme state of
repair of the dles is observed to be
n eommon property of this lot,

The remarksble degres in ex.
clusiveness, to which this tech-
nological lot {s undeniably borne us
& circumstance, Is shown by its re-
intionship to the total production of
this type and sife of nails. It is of
the order of only half of one thou-
randth of ope per cent!

The care with which the Stale
F TN Ter iampcal pattern of the asily feend in Hauplmana's wail ki [CONTINUED 0N PAGE 1)

Ik, Viz: The keg group of 42 nails,
=Tl the personal group of 10 ooils.
The low numerical strength of the
lautter involves the absence even of
atie types, s shown by dotbed loce-
thone, No sew wnits ocear, it will
Few asbiseswed,
The inescapable vonclpsion is
ithat these ladder pails heil [rem

the sume technological lot ws that
of the contentr of the keg used by

Hauptmanns
It was to determine the dize of
thin lot, by mesns of the size of ¥

their  tumbling  barrel, ~ thal  the '
writer tuok occasion st this proint !
te viait the Monessen plant, and at i
Lhe same time to make & r;l:-ulq: nl
the findings s & whole. Investigs-
tion of mill practices ws relating
to the wse of 8 die assemblies [re-
quently in such an Hd. setup, anl
lhe size and handling of coils, to-
gether with the tote box charges
inte the buggy feeding the 16 keg
tumbler, wmply confirmed the de-

Lails disel in the investigation . et .
an basically correvt. In the samgs b % e
nense that approximately cvery K TN ;
hr. there is a pew die introduced Fli;‘. 13 ~Tuthrolagical paltern of the noily found in Haupimann'y nﬂuh
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jenloualy probéected the resulis of
thuse findings, awailing the propi-
tious moment, is illustrated by the
puarded references neceasnry b
the tume the writer was prema-
turely called to the stand in order

ty facilitate the ladder's admission
a5 evidence witbout disclosing at
that time the nators of this nail
gvidence, The sudden and unex-
pected collapse of the defense alibi
testimony so influenced the subse-
puent course of the State’s presen-

tution of this evidencze, which waa

being withheld as the final surprise
blow, as to involve its final omission

altogether, in the interests of a
prompt verdict favorsble to the
State in o guick closing. Its dis-
cloaure now s with the consent of
Attorney General Wilentz, and with
the desire on the writer's part, to
complete the reperied refecences
thereta, in the published and broad-
ecast statemonts generally made at
the time,
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