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ABSTRACT

The problem of the effest of voids in cast high explosive upon
the configuration of the shockowsve front was investigated by photographing
the dotomation of slab castings with a vold at one end, inttiated at both
ends, The exposure was stopoed with & smoke shutter just uliter the two
shock weves met. The distorting effect of the void onr ono shook wave
appeared in the luminous imteraction lines

Voids of various shapes, sizes, orientation, and number were
tested in Comp. B, The character and extent of the void elilect was in-
fluenced by all those variables, but certain tendencles wasre generally
displayed: llost voids produced a leading bulge ia ths vews front, with
o. maximum aberration of about one-third the average dimension; the bulge
- continued to be evident in the wave front umtil it hed gons a distance

of three to four times the average dimension past the vecii.
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EFFECT OF VOIDS ON DETONATION WAVES

I. O3JECTIVE

To deternmine the effect of various types of voids in cast ex-
plosives upon the configuration of the shock wave front passing through and
beyond the void.

II. PFREVIOUS VORK ON SAME PROBLEM

The only known previous work on the problem was dome by Bradner
between August 3 and 26, 19LlL. VThis work was confined to a small group of
shots similar to the one-inch-hole series described below (page 6 ). The
work wag insufficient to provide more than a proof of the photographie
2quipment and methed, and a qualitative indlcation of probable results,.
Both the photographic method described belaw (pages 3 .5, Figs. 1 &«nd 2)
and the well=known technique of shockewave interaction traces on & soft
metal plate ir contact with the charge were used. The latter method was
discarded because it was insufficiently sensitive to reveal the small
effects of small voids.

III. METHOD

The method employed is the techmique of recording photogrephically
the explosive flash of two shock waves created by initiating a high-explo=
sive slab at its two ends. A third luminous zone is created whenr the two
shock vmves meet, By stopping the exposure of the f£ilm a very short time
after this meeting occurs, a thin luminous line of interaction is lefi
in between the two individual wave flashes. Any departure of this line
from a pormal oircular-are or straight-line form is interpreted as a disa
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tortion of one of the wave fronts due to a void through which it is passing
or has passed at the time of interaction.

Fig. 1 i8 & schematic diagram showing all essential features of
the method, The charge is a 1" x 4" x 10" cast high-explosive slab standing
upright on a 1" x 10" side and directly facing the surface=silvered mirror.
The camera is foocussed upon the mirror image of the slab as seen through the
slot on the smoke-shutter plate. “he two 1" by 4" ends of the slab are
provided with tetryl boosters which are initlated by two primacords of
carefully fixed lungtho A third long primacord leads to the smoke..shutter
plate. These three cords are initiated by a special junction (Figs. 5 and
6) in which a single short primacord from the detonator initiates a com-
posite tetryl booster which in twrn initiates the three long primacords,
a1l at the same time within an error range of 4+ 001 microsecond.

The smoke shutter utilizes the demse black smoke resulting from
the explosior of primacord., As the explosive shock wave proceeds aloang the
primacord, a trailing V pattern of smoke follows. Each side of the V
makes an angle of approximately 22° with the cordo The primacord is held
by wood blocks at the same angle with the slot (see Figo 2) such that aa
the shock wave passes the far end of the slot & straight-fronted curtain
of smoke crosses the slot along its shortest dimension. This erossing takes
place in approximately one-third microsecond. The effective length of this
shutter primacord relative to the length of the twe primacords to the slab

determines the smoke~shutter timing.,

The simple slectrical firing circuit is shown in Fig. 1A. When the

safety and firing switches are closed, the solenoid trips the mechanical
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shutter. As the latter opens, its cocking lever swings back to the uncocked
position, closing the detonator microswitch as it passes and Firing the
explosive chain; Thus first the mechanical shutter opens, then the explos
sives fire, the,smoko shutter closes, and before ths smoke disperses the
mechanical shutter closes: .

A setup picture is taken to provide a check of detalls of the
charge and its placement and a dimensional reference for measurements on

the shot picture. Figs. 3 and L are sstup and shot pictures respectively

for Shot No. HH-16 for which the following are figures pertinent to the

timing:
length of left primacord S1 = 155 cm
" pight ¢ S; = 15 em
" " sghutter " S; = 170 cm
" " " overlap K’ = 7.5 em
Effective length of shutter primacord S_-= K = 162.5 em

(S ]

Fig. 7 shows how shot photegranhs are interpreted. The entire
picture is considered in two dimensions only. The geometric center of
the circular wave front from either initiating point is taken to be in
the booster on the axis 9 mm from the surface of the cast explosive. This
was determined from careful examination of, and constructiomns upon, shots
in the preliminary shot series, run to prove the setup and decide upon type,
placement, and method of fixation of boosters, Circuler arcs drawn from
these centers in the two boosters through two selected points, A and 5§, on
the wave interaction trace represent the twe shock vaves at a certain time,
uadisturbed by voids. If one wave is undisturbed the other may be found as

the locus of points at the same distance from the interaction trace as the
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nther wave front but on the opposite side of the interaction from the other
wave front, Of course this method falls down when the interection trace
passes through the void, because then both wave fronts are affected by the
vold, and in the sams section.
iv. PROCEDURE

Using the methods of preparation, firiug, and interpretation
described in Part III, the following schedule (not chronological) was
followed to obtain the specifio information listed at the head of cach
section (A, B, C, eto.) of the schedule. It should be kept in mind that
in this .and 2l11 subsequent parts of the report, thc test explosive is

cast Compo B unless otherwise specifiedo

SCHEDULE OF INVESTIGATION

Xumber of Shots:

Fired Interpretable
A, Preliminary: To determine best type and
piccement of boosters, and timing
constants 16 16
B. Single Circular Hole: To study in two
‘dimeniions effect of hole on shoock
wave front, and especielly parsistence
of offect
1. One-inch hole 10 7
2. One=half-inoh hole 19 12
3, Oneeguarter-inch hole 9 6
L. One-sighth-inch hole 9 6
€. Single Shaped Hole: Object as in B, and te
check reconvergence effect.
1. Square hole, shock vave crossing
along diag.nal i2 8
2, Square hole, shock wave crossing
© parallel to side 8 5
5. Triangular hole, shock wave crossing
along least helight : 11 7

—rrey
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Fired

Multiple Circular Holes: (3 -~ one-

eighvh inch diem.) To determine

1P effect of hole ia additive o
individual '

1, Quarter-inch vertical spacing
2> Half.inch vertical spacing

3. Quarter-inch horizontal spacing
Lo Half-inch horizontal spacing

Natural Cesting Imperfections: To deter-
mine if they alter wave front at slab
surface, and in the same way as
artificiasl volds
1. "Stress cracks”

Artificial Enclosed Soherical Voids: To
sorve as o substitute for large cooling
voids, not obtainable for Section E,

Wide Slots: Twoedimensional simulation of
" cooling voids. :
1. Horizontal slots, long dimension
parallel to wave motion
2. Vertical slots, long dimension
perpendicular to wave motion

Thin Slots: To check effect of open cracks
betweon blocks of explosive in
build-uvp chargs.

1. Diagonal Slo%, sixteenth inch,
© air filled
2. Diagonal Slot, eighth inch,
© air rilled
5c: Diagonal Slot, eighth inch,
© felt filled

lic Horizontal Slot, sixteenth inch,

aly f£iiled

5o Horizorntal Slot, eighth inch,

© air filled
6, Horizontal Slot, eighth inch,
Pelt filled

Othoer Bxplosives (with ome-inch circ. hole) :
To compare vold effect with same i
Comp. B
1’; TONOTO
2. Peuntolite
3> Torpex
L. Baromal

A
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The group of shots which were not interprctable were so for a
number of ressons of vhich the following are most frequently ocourring:

1, Timing irregularities giving either no interaction line or
%00 broad an interaction line.

2. Mechanicel feilure in camerac

3, Pailure of boosters to detonate slab.

ly» Badly placed interaction 1line,

The first iisted difficulbty accounts for the majority of the
locsesa,
V. RESULTS

The length of the timing primacords sre so calculated as to give,
for a vertain void case, a series of interaction traces at varying distences
from the void. These, after interpretation, may be transferrod vo a
single plot to represent the character of the shocl-wave front from the
time 1% first displays conclusively the diatorting effect of the void until
it 1s restored to mormal circwlar arc coniiguration, Fig. 8 is an example
of such & plot, and Figs. § through 14 are the shot pictures from which the
plot was mads. Any interpreted weve front on the plot ocan be matched with
she corresponding shot picture by means of the shot number. The informa-
tinn ylelded by any series of shots is deduced primarily from the shock
wave plot, and to scme extent from the shot pictures themselves, Results,
by seotions {see Fart IV, Schedule of Investigation), are ag follows:

B. Single Circular Hole Figo 8 shows thet a one-inch round-hoie void

produces & leading bulge in the wave front. Tnis bulge is practically a

circular arc and persists through a space of betwesn three te four inches

APPROVED FOR PUB




APPROVED FOR PUBLI C RELEASE

past the void; The result is proportionally much the same in the half-
inehehole case, Fig. 15, end also the quarter-incheinole case, Fige. 16, Im
$he eightheinch hole example, alsc shown in Fig. 16, the void effect is
&1lmost the same in absolute extent &s with a quarter-inch hols, and this
spparentiy disproportionate bchavier occurs agein in the multiple hole
cases, Figgo 20 and 21, in which three one-eighth.inch holes were usedo

7t vas desired to further investigate this chauge in reiation of magnitude
end persistence of distortion to hole size, but the information was cone
sidered not immediately essential and the work was transferred to more
vital questions.

Co Single Shaped Hole. In the oblique sguare-hole case, Fig. 17, tho

leading bulge is still essentislly circular, especially in the brighter
traces close to the void, Persistence here is somewhat less than in the
one-inch-hole case, although & greater sectior of the wave front is !
distorted. When %he sides of the square are parallel to the shock-wave
motion, & quite different form of distortion’ results, as shown in Fig. 18.
This plot, along with Figs. 19, 22, and 23 demunstrate thet the shock-vave
distortion is not simply a matter of discontinuity in mediuwmo. The shape of
the alr space definitely affects the distortion, suggesting that the
orientation of the boundaries mt which the wave front enters the air and
then re-enters the explosive determines the nature of the wave front
aberration. The persistence in the parallel squsre-hole case is similar

to that of the oblique square hols. The triangular hole demonstrates

twe cases, both shown in Fige. 19, one of which could not be carried

to completion for the same time-limiting resson stated befora. Twe
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dscidedly different aberrations are displayed. Persistence in the one
comploted case is similar to that of the square holes.

. Multiple Circular Holes, The two cases of multiple holes in line

perpendicular to the wave motion are shown in Flgo 20. The hole effect

is appareuntiy not truly additivej that is, no increase of extent or
persistence of aberration is displayed; although with quarter-inch spacing
there is a sort of interference effzct ylelding more numerous bulges. With
multiple holes in line with the shock wave motion and quarter-inch

cpeelng, Fig. 21, some eddition of effsect is noted.

E, MNatural Casting Imperfections., When slebs with so-called "stress cracks",

revealed by zeray examination t® occur guite frequently, were fired, no
evidence of any effect of the cracks could be noted either ia the interaction
teece or in the explosive flash. This was so regardless of the number,
siz.., or location of thes crackss

Iy wes hoped that slabs could be cast with natural cooling
v01ds, that is, large air spaces occurring inside the charge due to uneven
cooling, and fully enclosed, It wes necessary that they be enclosed all
around so that initiation would be normal at beth ends of the slab. Ne
such charges were made.

Fo Artif;pial Encloegdrsnherical Voids. Thess voids were in the form of

exeet e

% thin-wa’led, air-filled glass snheres one-half inch in dismeter, held

in pluce by a glass capillery. No effect whatever could be observed.

Go Wide Slots. The case of the wide slot with its long dimension parallel
<o the wave motion, Fig. 22, shows considerably greater effect than the

Arlf-inch hole, and along with the perpendicular slot of the same size,
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Pg. 23, it lenis support to the idea of average dimension or cross section
area of void as a criterion of proporticnality of extent of distorition. Here
agein not snougn traces were obteined to complete the picture; it vas
nscessary to turn to more pressing provlems.

Ho Thin Slots. Thin diagonal slots (of one-sixteenth and one-eighth inch
thickness) at e mean angle of &%° with the shock-wave motlon havs the effect
of turning the entire wave front through an angle oI from 1-1/2 to 3 @egree&c
A3 the wave progresses beyond the slot this effect Tends to disappear: No
oher distortion is evident. When the same slots are in line with the wave
aovion, a much greater effect is noted. The disturbance is not a clear=cut
distortion of & continuous wave front, but rathsr a large zone of apparent.
turbulence, showing in the shot picture, Fig. 2L, es a broad ares of
luminosity rather than a thin line. ‘The extent of this disturbance is
prectically the same for the two cases {a) one-sixtecentheinch air-filied,
end {b) one-eighth.inch air-filied. The effect is about helf as intense

in the one-elghth-inch felt-filled case, Fig. 5.

I. Other Explcosives: Of the other explosives tested to compare their void

eXfoot with that of Comp. B, Pentoilite and Torpex shew similer behavior

to that of Compe. B. In TNI and Baromal, however, the sheck waves have a
cuite diff'srent character. The TNT shook wave, Fig. 26, is very irregular,
end twe of them ocolliding will not produce a geometric trace as in Comp. Be
in Baronal, comparetively slow burning of the aluminum resuits in & broad;
sowewhat indistincet interaction zone, Fig. 27, with an almosit complete gap
resulting from the void in the casiing. Agein in this case of other

oxplosives, the work done was rnot sufficient to permit firmiy groundsd con-
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Fig. 28 is a combined plot of extent of distortion in all Comp. B
s28ts sxcept the thin-slot sand eipghth-inch-hole cases. The plots for in-
Aividual cases are erravic, no one of them clossly follows the combined
curve over all its length, and departures from the combined curve of a8
much as sixty per cent are noted. However, the plot was very carefully
prepared, and it is believed that it will provide a reliable means of
estimating the magnituds of the extent and persistence of effect of large
volds in Comp. 3.

VI, CONCLUSIONS

The results described in Part V lead to the followlng conclusions:

1. Singie voidu of average dimension greater than 3 mm produce a
1eeding bulge, that is, a section chead of the remainder, in the shock wave
fronto

2o Spherical voids produce spheriocel bulges, es ¢o some non~
spherically shaped voids. However, some oddly shaped voiéds result in more
conpiicated forme of aberration in the wave fromt; and with o>dd void shepes
the aberration 1s not independent of void orientation. Thus it is believed
thet the profile and orientation of the surfaces between eir and high ex-
plosive are the primary determinants of void stapec

3o This leading bulge in the wave front will cdiseppear when the
wave front has traveled three to four times the void average dimension past
the void, The average dimension is defined as the diameter of a circie of
area equal to the cross section ares of the void- {(Thus the cross section

aree might be uvsed as the criterion, but & one-dimensional econcept is more
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convenient,)

Lo The maximum distortion of the wave front (see Fig. 28) gen-
erally will be from 20 to U5 per cent of the void average dimension and will
cceur in the range of from three-fourths to two times the average dimension
pe.st the void,

5+ long thin slots have two decidediy different effects:
{n) If tho wave strikes them cbliquely, it will be turned as
whole through a small augle of the order of two degrees,
(b) If it moves parallel to the s&lot, it will acquire a zone
of turbulence in the wave front at and near the slot.
5. Pentolite and Torpex vsheve similarly to Comp. B with
respect to void effect; but THT end Baronal have different shock wave
characteristics and no conclusions on the effect of volds in them hes been

rwashed.

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

FIGURE |

DIAGRAM OF SETUFP

-—— BOOSTER

CHARGE
\
\
\
\
PRIMACORDS \\
I3 PRIMACORD JUNCTION \
(SEE "FIGURES 5 ¢ 6) \
\ \
\ \
ADAPTER \
\
\ SMOKE _SHUTTER
~-DETONATOR \ DETAIL
BARR ICADE —C , \
MECHANICAL SHUTTER \
\

cAMERA——  OIft— —— — — %

. MIRROR

SLOTTED PLATE

’ FIGURE
LEADWIRES F1GU LA

T

® ”

/
FIRING SWITCH

SHUTTER COCKING LEVER SHUTTER TRIP LEVER

DETONATOR SWITCH—|— g TN~ SOLENOID

TO DETONATOR LEADS

117

/

CONNECTOR

SAFETY SWITCH

FIRING sSwWITCH

2 v.p.C

C B C. 10-27-44

APPROVED FOR PUBLI C RELEASE




>
T
é
=
O
T
3
o)
C
o3]
~
@]
f
—
g
o




APPROVED FOR PUBLI C RELEASE

Fig. 3. HH.16

Flg « 14.0 HH-16




APPROVED FOR PUBLI C RELEASE

LR e Y S NS

PRIMACORD JUNCTION

TETRYL

| N
SOCHETS FoR PRIMACORD. V///Z LUCITE

Y
VRIS ., 7

W7

SF
N\
NS

c. B ¢ l0-27-

APPROVED FOR PUBLI C RELEASE




Y :, 1 in“‘u:p N t"i

o ¥

>
Y]
:
m
w,
T
3
T
-
u9)
I:
()}
i

i

A
5
m

dASV3134 O 1'1dNd d04 d3INOHddV




L E
- .
O
s - <
r -
@ =
o

[
w

o

w oz
el

APPROVED FOR PUBLI C RELEASE

l
™
3E

':H.’sz

T

5pﬁfﬁ2

-
e

i3

+

o1

T

+

N

r
-

o
bl
TIoe

1
4
A

i

i

T

R

+
1
S
bl

!

TAT

e

RPR

P

POE TSHOT] 1

OF:

APPROVED FOR PUBLI




NO. 369-}+

fh tinpes acrenjed.

KEYFFEL & ESSER CO.. te. ¥

1 - 40 to tre half inch,

Fingraving, 3 - 4 in,

WARE tN L. & A,

APPROVED FOR PUBLI C RELEASE

RN N Y T T~k N EAEANERARSRENRN R RN FREwY Ragy
I b 5 o r..m. T.AW paads .rn.,(.wTT.nL..,lQ ;M...;.rv\erﬁ,.N ] I
L T = aRwg . 447 .
1T oA Exrunsaii bas b S Eaatl Uas) 4 I ~ ﬂm,
ESSY AN R ENGCRANNRNR MIARNARARS RERRRRNDY EREn/ T3 T
BN EustuRfnsad hinng ghn il Fae i flnd bansh L3 PRI . 3
e T W ShEE3 ]k paRIRsRIR Eony nﬁ FER A JERsTgdx )
T eS| CHEEHTER S nndafinRy anapia
- + N
Engaprafavys it H; Tanad SEEuf qadigds it H - H
joaghunmns: hunuafinnnl ARWRT ﬁ:w‘h,ﬁ«.:l. ja m ni}
:
Bas% LT i H:
+ - et o + 444 4t -
jamx & pas Apuh puy =gp -
i 1 117 1T S " ‘MAV I A”\L
NaasHRSnaN ] e & pugughan 1 P
SRS pREn h Y = EEREBENREEARAYRERRE 3 ]
b H sdiahps ERAEsaRakhata nt Saas
T ga 5 E
CT BEan =
X + T ! -
1 Tt 2Tt +
1] AR RES .- Iw s M— T
T " 17 n gy [ padas
; muh donandnainl b R AN )
b= ; + e 1T - T
=ttt - p=4 bt { oy -+ 44
N jasay tH - ax 3 rr “w { e - N u 1]
gn ~AHH o - T THHT SEa HEH
0 N b
E an: Sennk F ' 3 Ebantoh o BRRE AR
- _ R Jasasni gy P gk iy Sam
} 1 B 4~ Sy :
N 1 t 111 n 3 -1 4 -
Frt JaAEA RN ; ' Sul 1 Ok P b I
H Rekk i
L4 sl T -+
- Ul Mudan ERERNUNY
pe [usassgan [
» SR ST 1]
s ;« M + -1
(1 T T T RERPREND
. 8 R u =
t : ananas + ;
pals” canuiny HENR AN (1] SEBABERERR
H S ;
a B
o 1 21 : vn-l.vvllﬂ 4 +
it A
qJ. 1
H SgapeEy as
£ - L1
H it uh
1 T = T o B
nas imt 1
Pl ane I !
- H Y
Npun g w
p f iy .rlT T 1 ’
- : - - 11 1+
H - B - - -
Py HEa . T Ny s
T 1 a T ]
- + Lt { QNN § e Poe, L
[ T yor NS yy Ny
g \
1 ] ¢
+ = . u_ _ kY
i) X T 3
=94 + adnn
- : X i
» - Smsp - pubgsgnnyda
wd = ew 5 m L .
T E T pus y
I n\lv 14 Iy
7 [ NN 1 -
et + . P Y] i
I titE RLUNNENEASEN N JH HH i
E Saspey pashaspanes
=12 ; pasy
B NEnY +
o ] - i S annEe + N Pl 43 HH . H 1]
i 1 — "
: 25 sFsaias ey T
" -+ M T .‘\ 14 1 M < B iy Sttt
) " 11 - 4 ™ .
+1-EH r - t - FFA-[ -+
. panm mal
1 s T o H B E Y
? :
T =R A5t - :
T3 g a3adnss s 7 t 2 FHIH
T HIH AR : 1 i : Eaanias
x ppga u v +
T ' H gt
¥ % a ; T H H
un - - - hang +
T . v . -l 1
+ T T + EANNNS SN [ T
haunde T 5 fata) sbwnng ot 1
T nRENgu (ns - =y I
] [T I+
- anay iy piafugde ! aSgusansy
T T 1} .
:
. H ] [ T
t i ) e us 5. ek
- 1 U1 ¥ T
14 PR ad 3 | s
1 1 } ~++ T
0t gadinunanss 11 Nus I I
spESyuypis t asp r y i
SEEp - gesspnan
RASRASENSAERS phun ANy : S e I
- —ml‘| 1 Jnu”‘ anny - —1 «\ 00!4." -
ba s : t -] ppuss £s r HuT P
I kpanugus y Funnd ; 3T
p n T ]
wynash TR rt ofant
EnubnRupol ; L T
1% T - -4
LR siscaies : : 3
I el RESH RS D A 1 ps 14..r
: T RSH 2 RUSAFGRY BN
1314 413 I R B I
Py SERYEARRE SRR A T r pudusanank fres
: : ielictneiesl Inetine H A
L poENg N Eapny B ..#n ] M- i H -
Y h r I . n R T r LELT: ass]
1y inl t in 1177 ] NAn B L, e 1..-LJ£ ] pan|
IME RSN 1 R ] 1 i I il =l




APPROVED FOR PUBLI C RELEASE

Figo 90 IH-'?




APPROVED FOR PUBLI C RELEASE

w 22 =

IH-8

Figo 11.

iH-3

o i2.

3
b

F




APPROVED FOR PUBLI C RELEASE

7.9

Fig. 13,

Fig Y u‘,. ]:HQLL




APPROVED FOR PUBLI C RELEASE

R0y vﬁrt panpnapay T e R as b ne s DRSS PE! y .oy peymyend ISILIN SINPENY pappens T
gEtey (353 negnbsbuy Mﬁ HH BEk SEEe KEEING o ny e Iieael FInES EInSE bubwe permad b
T L S T e PR e T T e e e B e e ) e T
wan nn T RN g
Ly piats Enann RERa R s dun HEntl Bt SREE A SRR Aeand ganEs SO RIE RuNEA DR Es S & Mehad a1 o gy Sty
-l Ea s el kn und dieied hatiny b vd eARAY guowe Fynbe Idsen b ke UL T R e
phSes [ogle Ptk miivay fogha saand pans nanng Sptife i LWA .-..;TSIWJ. 7411 .LLL ST
L 58 el A3 T ud Ao Seh KRBaN Saais LAfsan Sl sa s R Dhlogt 44 3 Pslbl S Dt S iiepubel gvcaart
parus HE T B il gy it g pedil sy ol Srvcl o f i el g nd d il guy iu pirta agudd § head e
‘ B s IR e P AR BT T e ) e
+ ; Poge bams oI A ey v HL
ks 5aas SyCyd funas shad fumall Bagth SeRdl fuals shusl (RERd Lyat EChy foadt Bakblsey e Lanks puast
e, B e e e Bt A g heat paasd JAEad BRdas staed honul Endna sed JE EEAES UCTY SRY)
pewws pe T i ranow vy ; [ERRT PRGOS EaSes RPgI A AEEN MAIHE Tu 8w BURIA R
s B Eenbaca st aas el Ty avean bdu = seBug sECa; ,Mw.fﬁwi;_ﬂ ﬂwmﬁﬂunﬁ e iefeaits
Ramad & s Selad e egseiohat .ri%‘f Stewsllun viian sbndd Cinbil tavms tuadd cuELd stual sns!
4 . RSN I + B S DI e
= T o S e T [ et et e R e
o e e e A R B e e e e P
. YR R T T T T
o [u3) ebtin enBa st neal adnak (EIRG txuhe Al ray BECRE SCat ExRAE Ix: SJEEaERaRanUaSERl
] = i ..;uxJu. TFUTHR t et 0d ki A-p = P53 nbuwn b byl Sna
T Eabad hbed b e Ek ke et faaan s ha san Eenid ¥ e s BE et s sl Sy i B
+ 113 ; . e 3 LA
T P e E R e R e e [ an ekt pRRzdbuahoRaind LTt
{ ro o e e aurd B R bunns fudi thlus i Sagss
5 -+ by s s S R T s e S e 117
T 1l ) GO TLTT 1 M v ot 11_.1+KT ko — -} S
4 H+ FLe R T -1 AT : Rl baann Hhabdantng 3¢
H d.lm.r :~ H\S. o rowfwﬂv. ,*\JlLﬂ g o) ol W.ﬁ: be ...|_|+u1 ) s [LT. i+t
Iu AN pUnRe N R PR R 1 Y L U R G B T OB gpwng o
Teap! e A e T st e L] Rk LRSRA Fh3SR PRaye Rha sy Bhaal K
at insn Y Sz =y HEHT ; 326 Pan=s R ENR RN 3 =
T : e s anas e e SSS R b n b fnas s eaas keaallatad s F g HR
Shgas 3oy [Rapsaaass EacdNpora ooz ar by nitena S SaSREEEe o AR Eaa s
1 — B - ¥ L1 Ha—} J75.4
b [and Sone s an it hibwl Bla = T L H IWle.;o. .L.ﬂ.HMJC T .M;&J.ﬂm.xr“
T Uy W R S S Y LY T 117 - ps \nut 11 Ld. JT L
ol ol Sapuugpes daquaaEney helen s ey 1 ] ol pang ainnd N
L. st SNy sans + e T
CM+ Seskd maa: .Aﬂpﬂ y}ﬂlrurwn, 114‘. # insa) w_‘]oi,. -
T HAE ana peiaoal hus h_mx T TR i ——+ ! g 111
e 3 : f o 1 [ 1 w4
! itzad Eoas colat EoEat pReh Soodq e opta yossafaned a0 S e AL
u.L.r_ [l fogas panes Resadpunna ndaa ~H H ] : g B e WA 11 +Nr1
e Seden T 1t h " T L 1} o kil
+ - + Remans e s } b + v T + b
1=H sases e - - ﬂ,j T HH o anssuas i S e 352 rWH{
* SREY fsde falus sus AR asnas mut padgnsul fadndasuas kumdd fasuks fagats sartel
o1 Bt pale: pemng ity Sygasas! ENRSEES v e pE ks ey ._L..j 3R SSERESRE
slhbe junt ANens pwnan baew Hradd I e aind Sund T AT T bt Adbne Suast
1 ppdas bugey Rk baane bub: r unatdag ¢k T Hl..:vam\mirHﬁ..
= gal ax eagasiiilasaaraink sonhspatis fadldfsadlindbananigasav]asand innds fonls
~TTn ind . aas b — = T =
“..I.H EanRa H gl LT i En ;u_‘qn.w LT 3 1T b .1&..J|N_o.ﬂw_v”‘.r..n [SRiy
ey , FpEai Seesbiaiha antnsuns] et fouet soseaoents ey rotad stind Sobc
e 1 NSt LSRR g pe T paseypag e by pus oy o T
idlw TR R A | ﬁﬁﬁl [eeeE Ras Bt Ruaan phond .-..vlrﬂu”n\
ton 4 3L Bl e s a Rt ore—frett )
1 i I . PR BESAR SRR EA NN T TETIT : T
Nuuny Sna s n Y Rmal i han pwan pafiashing unsey dem;
Y£l L [ T POSARG o0t Ml S [ O N " =1
et U.WWH%W baswed hl.uur : (Bl heus bus i
Koas ke H Hr xlm.mm T IS p o
hend e
H“.J guwi Mvisa - Teleg
;
e Py Sguuy ooy
.- H 1111 - RS
® EE e B
mwsy ooy o1
8 EE3e 1 TR
oty [ Sy ..
+ —d 22 B B
inh mang o hamal ghg iy
= ; a3
3w 13 ! R B
a 3 PE . i v |
a9 = .
[ hugy s SN l..&uv.t&.. -
< [ aded? suad &l Rt - "
LN peSgpas o - v/w
g £ " el VG %
s 8T —-Hroof. jlaig oy
T < - PRSI Sy PP
zZx . olﬂ&VN._ SR
JV R e i =]
[N 1 o
w32 e d —— RN SRy,
1t _
I3 peniend oy ia Shrer
z e Knuwe ¥ o o
' Ea htf - -
= F RS b e
w vy Do e
: Sy N
7 Speia' e o=
£ 3 o ouad —— + e

.;t'
HrEA

]
»
fizet

!
i

{E

]

-IH

-ET},!h
it

3k
1:H;
e i

[0S Porgy oy o

s g PR daunk

@ EaE B
el B oy s

N G ; NRGEy

jaas Sillee Sagas

o M Iy

1 ,;+._‘I_1‘I: N B AN R : SRuRg

aen e P I [

T

S T SR S
APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

..* T s
RGN fadussunas hy RE EaRe G ol A ukad &
- S P e v ;
jusguunuRS KRR NegE A
EEE® g RNl A NEwN SRR n _M_.,
it § o L} N ]
g_.:_ﬂ.tA... ol
- ; I L i T
nun T
i T T Rebn
T IR R N Sy
ns iy 1 3 NN
et ot =
r \l«”_ T .WTJL\ﬁn«t. I aas &2 L Ratas
} 9% 11 » v = 11 r
B A Rt (e dnatad Seuf e naua BEakal: A SSBuin. Saassununs e 3 EEEY
- 4 - 1
T T e e O e e R e
pad SRR i ST =17 PSS S 8 0 I ¥ U
ri A et Zl T VLl [qusEiang aiay pou S CEN A
I 174 RO SR W RATDY P <os S " 1y N angans s a3 ™ ot
e e b b e e R e e -
3 e R T s A
- T T TS
R pes N WE A
rd Sy N4
T 1 T 7T Y‘W
e P S T
R Rt 1 i
H,r.f..i ,J_w_/ TH Mt
s THeD PHEN
1 "_‘.JH
R HA N
! -
P 4 e
P 1L TN L
JH 11 . M 1
T - [Easean
N BN
T aENuRpkae pus: el
¢ :
ju | ) iy
pa M o Raws Y
1 T s
it | B R
—td e 1
. A 1TTT it
:
T
. 3

Y. N sEw
LR 2
e

.

T4 M

1oyt
RS NPV

toepatens, .

LTI P

t -

KEUFFEL A ESSER CO.

ol Rt o au R o uy g
Pheliil oot mauen d Sor! :
RS B R s b
1 R
JorToreer t 1
i e S0 - e rm —1=d
pun iy Sma sqeun fvnwm
- potufisal .l_JﬁLF]rT.”T
T [0 SR N B E R B8 EN. U
4 LTt JPSL e :
T Hhm'ﬂu..iwn__ I g -
et -t PR e e T nad a e B .
SRR SRRRR Rarau i ) G e B4 b R s S SNegunann e sunaE:
(e Eemets s v e - afirwn viw- culivad Sdtneca SRl hunal B il Bl ol
- [an! e s = T
S g o S AR Rkt Shute miwas S An Dt Rty SYehe Sani )
DY Dot B o Sl e adh e 2 T N A
e e rharZ RERRA RRERS gerz 4 ki e Ramus st ENee PO |
+ - L It ST T B ) RN D e
T &y_ll. AT N N H #imul_r S gEsgug Uy b
a na> A T Sa anye ARSYN
L > . ]
PO AT _YIHLUWAIHJH WJfr a s T4l (ang w.lr
S TEHTH S bt ki EERa Suni vultund
—— - L pumEy
iioon 7 stz wh dul AN o g o a5 g Sove o gl et NGS5
BRSNS e it PRI N
o et ; " :
17 7dR na Y s o Rt andaguRisauie URahs dos
- 1+ Eagas T gma) /.nhn"mmw
} T 1
T

t
r
il

i

Kngan bwiles ben
SOOI
: +
Kad ol donad Fadi
SRS .um e
he e e -

H_:t
gy
=4ty

APPROVED FOR PUBL| C RELEA m




w3 ovqr

4
eenTegt

1

> 7
LIy
Q.
DAY
e T
w oL -
,_s”lvdl
- . &
« =
=+ 4
-
w I
w

Y .
W
e

APPROVED FCOR PUBLI C RELEASE

.lso

o7

PO

.

T
T

t
+

T

oS

:

X
i

M

'*

T

T pvd

o

Tt

£ ER

v

i

H

;WA

APPROVED FOR PUBLI C RELEA

EYS




0. A6 et

asre Prryg

N. Y.

KEUFFEL & ESSER CB.
bt L e

th

1) He fep

o

tngraving, T

A

MAQE IN U

APPROVED FOR PUBLI C RELEASE

fhsndsasuy Bl
5 fagl swall

it

H-
s

tHH

i1

-H

it

+
"

i

SHhR

&
3

i
|

Art-

i

heliE

1
+

FE
|

&

F
-

1]
1

I

H -ty
b

0

1
-

I

! 'f'_L_ -
ngﬂ:

THHRYE

T
- 11 4f=-

APPROVED FOR PUB




APPROVED FOR PUBLI C RELEASE

b

r

HJ ks

|

I3 T
4
1
1

i
T
ot

n
4

T12]
Hf

>
- : -
T O
s e
K Ak
z 27 ¢ —=
& ..~
CY.o .lfqﬂl‘l
wizd Y.
M..m.v i o2 ihdire

TANGLE

1

ty
‘t

)

|

.4

WAVE,

’

i

s| TR

r
L~

ISOSCEL

P

 obo3fr AL

+
+

+

ot e

)
+

ERIGHT

APPROVED




Tute g

Te. Y. NG
ITTERREE N
e

Lt

[T

KEYFFEL & FSSER Co .
)
{oprag. .

[RCR

APPROVED FOR PUBLI C RELEASE

-l
N

-4

D N
B
e e

..’ - i -
...“,”..b

nMOKDS:

e

APPROVED FOR PUHLI C -RELEASE

\O
m




NO Tsey

\]

.

KEHEFEL & ESndR {0

APPROVED FOR PUBLI C RELEASE

+

il

;l:

PP SN

R
13

3Ly

HL:

: 1
1
)

By

j

i

|
i

i
ﬁ

e
T

PQSITIONST

- VARIOU(S

L

WAVE | FRONT.

o

e e

APPROVED FOR PUBLI C E.Wn_umb,m




APPROVED FOR PUBLI C RELEASE

Tal
£ B
1:Qq .
et
N
T
O
D .
.w. uA....V
m R Z

o
¢
+

vt

. WAVEl FRON

s et

wy o TT) =
K Saet R D B 3 ‘
F17. S S 2 B

. 4 - - - N
SE s I Sl S ey N e
KA - TN RO & . i
el - " - = "
ba Pt - - - I B
A X . bl R
o - . . - . .
«i7 S Sl BURS Tay - m-
wm [N SRS L
2. ol ! - - :
X - . -z

BT

O e R e :

. BN EE IS

@ S, it I
27 ] i Bl

- - | S = IS

+
P
PPN




APPROVED FOR PUBLI C RELEASE

NO. 1§0-}¢

i ta,

ATL g

Engruvinge, 7 -
v

ti1 35 th hinlf et Trie fines aerented

fur

KFLUTFFEL 4 ESSER CO & ¥

T o e Rt
P
N Lt
HEE
cprred :
N pRAR
S oa wingd o
e ged
- — B
jin
-t
il
g
31
H ;
Rl 1T 1 rIJ
o et 135
T 17 Lo, hshal yon:
e : ™
o e e e R
I “ 1 1 -1HLH~ “ “m ﬂmlm
T Rt ASuRe ) S
11 T buma aldias b mand blnky
[ B B bt bt ek,
: " e SRS dne
. — - et
Ea. | raanpns banaanting henas snund e -
A 1 e ns Iinds g e :
.y 7 } "
11 : = o= r
[enaal i buand ,F_ _Jwﬁm i Glaels ; il p
HH Frfr (L Il aa it e el T L il B reHT—r
i_ H++ a'luﬂ 1 .J—\_ “]M‘L AR 33 + IJ:VL RS Bus .qui— — .
= S s G e R e e ]
e sddne i ITE ._m_. ﬁj ad g rir T r.f. ; il il Gt e S0 .8 s
-4 - . 4 ol 0%1
in -n PP it - 1 -H-rH ! LYL..T ans ?,.IJL!.W N E D!
- . by
s _~ e I ix,w.mg..aiﬂ jassa g L,T o g G s g M ofy T.«J T
—r T I~ 1 ¥ o s X7 por e I [ aagy g
g e e S R A
A I.T...\T < - I,WL‘T.J - Ot T .T.Iﬁ. 4~k1m.. e
e, : HE T fros i bl NN SOUEY pREEN BEan S Ef Gag SUE NN SHUNT :._.Ili 1T
=1 nf jpuarysaen inRuanasSnunn o had e b Lis
] e perpta aw: N P SRR M S LS W. ..rarv RS — ..H.! -t
- = — 17 D S e
1 1+ i  Rosivel 8 ivad ol st rHt [ SRRt W nay Trhrl o
HHH H, s o Lm_jnﬁ 1 T AR e ﬁnmﬁx. nw_w. =IF ey
7%4_ sn > @ d: ok uads bu: T s 11 ons Ssubsa: i Sena (b
IXAmwe il Punssani Eaatsans Sy anu BESERSR Ruasnnsnny SRS be ko PRl e
Ew X " 1 .Zu..n_ 4.$11I T ‘Tllr_;. U.Rult. _¢|Mwn|
T T ot me SRS n SNy R 18 SRS SR g ey O S
! + Anad e ans aas! iy 3 ~ ! Rahd et 42 - e
; HH= : I P SEen Ruaw i = 3 pae
5 ree R e Spusd geiesaband ety Pucad baatattty
jass + I_PM Sa i L= b s 1 R 3 e
n pies .T.J: M i [aaes 19SS Fan as Swmas o J
HH uit s Anass N I %x T rhs Eaaubnasens  SES s cunill Rutaa dhan I
i ] A T T 1T T Hr andEnp R sEaEs daavl by
ages VIS SR BB ] - -+ - 34 S = —
= i { 13 pudias hnd ki GYSuRERRRE % i i ny pEuad et er an Spwad Rusad v
) Jun g e Akl rus g fRannunnay fliany : s ! alpanayl T
1= L(..rfm.i‘ jusnd e T g S anNEadum; 3 = Tt )
Ty + - nn T T e m T Y S G Eaaun
— Sl ) e Iy Seanl e T 1 s i pbiyns Nudes e
T T T am) T joRukAnigN aunss LA
e SESnibhnsa kERas i I 2 no g o Posas Epdsismingnd fusnd rrnidll phasn g
;. pUSas ErasE pua wt 1a ey 1% nEnes senon prunis g a1y ére narg o
an > Raes BN YRSy N A RS RS RN] R - 15 s pidae Eagull
T A E R R R T T S AT
A.Jhﬂ L....l4_ T :+ rmses baaes H (it Bt Entn 55 &s
T b B eeeRus st SunuE Ry ) B R SEand EARR SR anS Piaunpanan SREIG e anadTagy
|mﬁ.fi1 saandi I SEEdS aBaguEds Tht R REE o s Brrotislan Tty
Saxbeand ey peens ._WIWI.J_ -] == : = [ Ssia shps) SEaive s ghaun oy s
ne - 1 L = I ~ TSy
AT _1.>Hrrf<]3|ﬂuw.m~.b e Loean e s rer S R g aa
4 s Rt e Pl snabe = o : = -] SR
T s i d Efwatl b b snamu b oo Sodi bu Lid v il e THIZL sfSRd ot
1 prt ipana ke DY minsdae i oy mu ~ L84 5 pyhe
Suun b @ geoxtnant f3an 8 FoNRaERans fanya s cut) Dus kn hsa i Fyaus puRE pana punad alied
; I\, Foppt seliug bbaa: Jin v S pad Sy ; [- T i T
- : H 12 b I Mg " — = - - —
BB BERSS BANES WS Sl RENALRABLY Girnne 08t el RN S m s nRg ot = cows el R ISRy e dan:
SRl oy ] s Rt L L3 ettt DOt DL oy e st P BT ot e
- T T H..Tl T .M_«Jwﬁﬁ.ﬁ u l.xklmﬂl e e s 1T — . T=
ra - - ; f
e Eames Rhaad Rishennied Linas SRay 5o o ERCRE Tunus sushd Suans mansy Uxanssha ek
RoRGawwaly Rani s T AWI\QLL -4t B R Ha *
H e FE |Ifr e Ty Dan b ol ot R e iy -l ~1N <8
n T T R T
F T L T = I : A e e L P b
— e REass ¢ B puSy -] L. HEN ' QNILY n - -
BESans s Nasuy St e § ol muaisme ba s by y 4 Shisie Phats § ua 1 Ko Gemend P = s R Rt
i P_ﬂ_ NS e e 353 et sl peons Fous abasasad b P
aR " INERua o M - — ek} — S
: Heoa Eansy amaCh dunn Sunna funes bans b A P e I
b AL Xan R Sieoy :
M%!W«Huf.w* 7RO = m hmwets g i oW P ed haaat Ea .u‘.ubqjm‘lf.r k04
sy -— E . - -4 T..HM\[
Ep e e e e B e TR e Ko P e R e
T * L1t ! +7T =1 bt .00 T TUT
D
et e 1 rhpuall e ; jEnassan I bR et S Ry HER U S SaE MUns gudih mEaNoNN;
e =] ] e als pnda
+ | Sup et ha g e P i AN SRR RE RN i Nt
AR 34~:_L by o] parg ok puwna st S T f,M : RRASE puyRg = qui.rﬂ..}
: USRI IS PESRYG PAKDE SAEA MR I SagYaasEa . e Tt =~ TN
fasi: s siny g ea na by s Paoad Fonia nnand hms pRavl aguut ATALY Suasapannd YRaaq RS faun puman Eay - Eu )
T e e e e ki mard & o v Bl b A TR :
SeSmizsaeduaastashaAmnnounsad Miandattad Conasnsas FaanaxLel Nngny anus bou t padoh Kiuutl SoRathus's Spnsy
wa LR RS R0 e RS 9 el § e - . a_uﬂ - 1¢0ﬂ,¢}.,ﬂudﬂxﬁ.4. ) e
RIS e Mgt Epsoed pauak b pugqivansndins 11 joag) dpuninduag bwn)
=y T % e T T T RS EEES BT T
Hoheie s o FeERe aaEsd e P S B O B A R
o T e e S ‘;.Wrﬁ_r T T g n o & bl oo sana R A n b
PR S EGeed Fanst Eomay Srods Fafoe SEotf BaoRl foniss sRasd sozak fouet Ceapd SasEannan
reig iy win . ; hpaad pasnd Suog swhds susn g oot pirtous Btasg S ; I
- na 153 [T gats juaed mtae: Ppege buni fhasddaaga fua: s S e
't AR Saiida S s e S HH Eaaseyns hiews Reiins adas, sdnggan =
P T e G Front LR nellgd vEnal Npmas Cadud funtdnsibalagyl busws Adeatpasasashas
RS EERE 421# ey o § e plwen SIrERe Shans Kian s Suaey i -7 rvL_.Tm nw_ pas gl
T RS Smat § B obdiel i ..1Hh.uwnm T rriag it i lnd basulaiban §
SeREeRuvy Esneasham bax T e T e s P R = R e e s
mmush La R B po il nanka Easbh e S A il 0 Beeky sensal pal v
ORGSR PRREE N -3 s PR Sy S AT InaEnSUNRE
= phus bakss Sadevsdiiul e -+ o N S nard o S me
0 —] T - . T T3k 1) .
H T g feasaaiisy EE B e e S fas 23 Eodha Road a5 RS ] el fo _J_ﬁ,-m
! + T R T Saws | - lﬂlf T vk
Giblicaitiiiiiens,  Duat el bl et hai e RIS Besatie] R B G
SEaT FESE pAREE A : ST SRS PN § Ty R [Pee g T o N T vl remtn pyaw f Suaty
T SR TeiEde siasd easts ICx S R T T BT
A = A Kb ioaat ban =S LI T o i T ey
D
APPROVED FOR PUBLI C ﬂ._m_l_m)u_m 0




APPROVED FOR PUBLI C RELEASE

Figo 25-: KSF«:E




APPROVED FOR PUBLI C RELEASE

Figo 269 T'r1m5

]
o

] o ga 279 B?Jl“ﬂs



NO 45 et

ey nts of

N. Y.

HKEUSFEL & ESSER L0.,

LRI TR O TRR R P2

e the

1

M BUNET RN

s

BYCN N}

APPROVED FOR PUBLI C RELEASE

o v Tl
Sadd B T
i R S R
-1 = P - .L\r’.
- RN ORI & . . o .
UETA FEU RN RS SRS Baes TV 4 5
= o S P Mt
Joe MR S S Paer- B0
WARE TS R St 2
Saod RETEd RIS RERel i s BRt W%‘ :

IREE

IR

N

| OF

9]

L~

io

St

Ty

' ETAT

L

REg

|

P,

R aRa e

N i

510

1

—.mw.
b T

NT

th

‘J

‘
+

.'

AYERAGE | DIMEN

+

MAL | WAVE | FRO

oo

T E Fe T
E S TEW
E mw R L
- Ve 2]

tQ D i n

I

S

+
t

DGE

'

'
)

L

i

4
E

.r

ALES -

5E

Wi e

NS EERSIE
R ik e
RN N .....,;._ m
o A . AT
S = I e T e e o L&
JEREE Il R ot B et ERNE BRAS fatd R Fon = B
S D B § 9 T al abael DU et et N -
. il SERY NSNS RS Soutl i &5 .l oy
' . RO S Gty Rhatordd Lo R o
- 1 -.. s o wi =
g .- —f 4«A : _rwl
Ful 100 “»bw
- " B o
B
A A -q.ﬁ L

APPROVED EOR PUBL| C REI EASE




APPROVED FCOR PUBLI C RELEASE

- r b “

&
1

il
RS T
.Y‘

UNCLASSIFIZD

i -

UNCLASSIFIED

APPROVED FCOR PUBLI C RELEASE




