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RESTRIC TED

BALLISTIC RESEARCH LABCRATORIES REPORT NO. 721

JDewey/JSperrazza/med
Absrdeen Proving Ground, Md.

May 1950

THE EFFIUT OF ATMOS H{ERIC FRESSURE AND TEMPERATURE

ON AIR SHOCE

ABSTRACT

The side-on excess peak pressures and positive impulses of air shock
waves from the detonations of spherically shaped explosive chargss of
50/50 Pentclite have been memsured under ambient atmospheric pressures
and temperatures simulating altitudes up to 50,000 feet. The reduction
in peak pressure and positive i’npu}.se attendant on decrease in ambient
pressure for scaled distances Zp ranging from approximately 2 to 30

can be expressed in the scaled variables of Sachs by the relations

Poak Pressure: (-;i.-) = _37.95 , 1549 + 2034 . 403.9

2 . S 7
° zp % (2o M (20, 2,V

: I = 1/3
t I 1 H l = le L -} I
Positive Impulse oglo - Z Ewl 3 1.374 = 0,695 log10 (2 Py )
)
where P ¥ peak pressure in psi

p," embient atmospheric pressure in atmospheres
(1 atmosphere = 14,7 psi)

R = distance from explosive iu fest
W = woight of explosive in pounds

I = positive impulse in psi milliseconds

entiy increases more rapidly with falling temperature than as =1
although this conclusion is wneertain.

3
RESTRIC TED

Feak pressures are nearly independent of femperature. The impuls??appar-
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INTRODIC TION :
The effeot of altitude on blast parameters has been considered theo-
retioelly* ang expezrimentallyz by a numbsr of authors. Except for the
work of Sachs*, the results apply only to relatively low altitudes. With
the increase in high altitude flying, it appearsd deslirable to obtain ex-
-perimental data over a wider range of pressures and temperatures. The
installation st Aberdeen Proving Ground of a "Stratosphere Chamber" of
sdequate size for small scale blast experiments made this work pogsible.

EQUIRMENT USED

The strabosphere chamber consigbs of a metal cylinder, about 12
feet in diameter, divided into a firing and a gonsussion chamber. The
latter, which is about 26 feet long, not including a sandtrap at one end,
was used for these experiments. Pressures in the chamber can-be varied
Zrom about 1/10 atmogphers to atmospheric and temperatures from about
=800 o + 25%C, ©Porte for the necessary lead wires, pressure measuring
tubes, etc., are provided, as well as a number of glass windows for view-
ing the interior. Provision iz made for regulating the pressure and
holding it al any desired value. After closing the door, pressure equi-
librium oan be obtsined in leas than five minubtes, sc that the whole
arrvengement, in spite of its large size, is more convenient than the
usual laboratory pressurized tank. -

For blast msasurements the chamber has many disadvantages. The
oylindrical shape results in a focusing of the shoock reflected from the
wells along the uxls of the chamber, so that the reflected shock is
xmuch stronger than the initially inecident one and impairs the function~
ing of the equipment. All gages and blast switches must be placed near
the axis to take full adventege of the size of the chamber in obtaining
froe air measuremsnts. As ths flooring was removad, the chamhar may ba
regardsd as an empty cylinder traversed in places by beams to support
the flooring and by the supports of the gages. To reduce reflection,
the inside of the e¢ylinder and all beams were covered by hair felt.

Two layers of the thiskest grade (about 1/4 inoh) of rug cushion were
used during most of the work. At the start 3/4" felt was available.
The felt was rapidly blown to fluff, especially by the larger charges,
but the reduction in reflection was sufficient to make the very con-
siderable labor of replacing it and cleaning fluff fi1om the connecting
pipes seemworth while. With the chamber lined, charges up to at loast
one pound of explosive can be fired, However, damage to folt was so
rapid when one-~half pound charges were used that it wee decided not to
oxtend the work to larger charges.

The support of the gages on the metal cylinder made it necessery to
isolate them from vibrations transmitted through the metal, which would
reach them in advance of the air shook. Ordinsry commorcial rubber shock
mounts between the gages and the supports were found to accomplish this
adequately. A vigorous kick on the supports themselves could be percsived
on the recording equipment, but resounding blows on the sides of the

)
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chamber gave no visible effect. As the gages and NBCESSEry O urﬁsr"ei;h+°
had & total mass of three pounds the displasement of ths gage by the shock
is small., The cables connecting the gazes to Lthe recording equipmsnt a
parently transmitted vibrations to the gages only imperceptibly. The
blast switches were rigidly mounted as it wes necessary to {ix their posi-
tions accurately. Their setting wes so adjusted thst vibrations trens-
mitted through the mounts did not operate them. Ths arrangement of gages
and blast switchss is shown in Figure 1. A photograph of the mount for
the tourmaline gage is shown in Figure 2,

. . . 3.4 .
The instrumentation used was designed for large scale work, ~*  pri-
marllj with bombe and sould be given only hurried alterations for this
worke The BRL tourmeline mage, ° with its 2" diemeter and nfortunate

serodynamic nronertieb (&Spect ratic about 4 and square corners presented
t- the blast, ‘ras used, except close to the charge, becouse it was all
that wag availeble, One gage designed for the measuremen. of ground
shock, © diameter approximately 1-3/8", thickness at the middle about 3/8",
was used at the nosition closest to the charge. The BRL gage is so large.
that approximately 0.2 milliseconds is required for = wenk shock to tra-
verse it; evsen for the groumd shock gege the traverse time of 0.1 milli-
ssconds iz undesirably long for amall scale air work.

In order toc check on systomatis gage errors and in the interests of
reliable results in general. dual instrumentation was used througueout the
work, that is, peak pressurcs were measured by the velocity as well as the
piezogage method. Four small blast switohes were used. Their design,
based o that tested on a larger scale, ? is ghown in Figure 2. 1 mil
aluminum foil was found by experiment to give roliable results. A check
on the response times of the switches was made by comparing them with
tourmaline gages used face-on to the shock. Their reproducihility was
found to be adequate to take advantage of the precision of timing given
by the recording equipment,

The "White" four chamnel trailer, nporated by the Ballistic Measure-
ment Laboratory, was used for the recording. This trailer contains fouw
ning=inch DuMont K1002 tubes with Pll screens, with the necassary I ampli-
fiers, calibration circuits, etc, The amplifiers have a flat response from
DC to 80 xilocycles and gains of 1,000 te 100,000, The built-in camera uses
puper £t a gpeed up to 480 inches por sscond. Two major improvemsnts were
made in the recording for this work. A 10 K sine was used as the basa of
the timing record. Closing a blast switch put & DC shift on this record,

As the sine wave base line is longer, timeos can be read with greater so-
curaocy than on a straight lins record. Also a Gensral Radio ecemera taidng
records on 35mm film at about 300 iuches per 2econd was irnstalled. Fiim
rocords are clearer and can be read at & higher magnification than paper.
Hence many records missing on the paper, due tc poor Tecus or a woek
record toward the snd of the 1ife of a tube, were readable on the fiim,

As the results of film records were found to be more reproducible, the
paper rscords were utilized largely for rapid exemination to determine
whether resuits of a round were usable, or when the film record was
migsinga



Fressure in the chamber was measured on an open-end mercury matd-
neter combined with an anercid harometer, whigh was calibprated against
a Fortin barometer daily. As accurate meas wement and uniformity of
pressure ara of more importance at lowsr pressures “han ab higher (since
a given error produces a larger varimtion in the peak pressurs ratio),
measurements wers alsoc made on two clesed~end menometers when firings
took piace at about 1/1C atmosphers vressure. The thres manometers
measured pressures at three points at which it was believed, from the
punping arrangemeZss in the chamber, thal maximum varietions in pres-
sure would oocur, No variations with position wers observable, A4s:
measurements wore made to the nearest millimeter, it was concludsi
thet veriations in pressure with position larger than this value did
not “ecur end only the closed-end manometer readings of low pressures
¥are used., Temperature measurements were made on copper-constantan
thermocouples and ordinary thermometerg. mercury and bimetallic, at
various locations in the chamber. o significant temperature varia-
tions were found and only the thermocoupls measurements are reported.

EXTERIMENTAL TROCEDURE

Cagt hemispheres of Pentolite with wells to fit the K-35 deton-
ator were wesighed in pairs, and assembled with cellophane "Scotch" tapee
The neminal weights of the spheres fired were 1/16, 1/8, 1/4 and 1/2
pound, In the preliminary firings blasting gelatine in glass spheres
was also used because of the pessibility that the effect of altitude
on oxygen rich nitroglycerine might differ from that on the oxygen
deficient Pentolite. Soc much *“rouble was experienced in obtaining
reproducible high ordor detonation of the blasting gelatine that this
portion of the project was abandoned. As fer as could be judged from
a few firings, blasting gelatine gives about the same result as Pento-
lite, except for a much higher variability.

The procedure for calibrating tourmaline gages at room temperature
has bheen daeeribed glaowhors” and is straightlforward. OSome of the geges
were calibrated at the ambient pressures used, by placing the calibra-
tion tank in the stratosphere chamber. Calibrations wers also conducted
by cvacuating the calibration tank and admitting atmospheric pressure.
As would be oxpected, since the gapges have a linear respense, the gage
constant was indepeundent of the exact conditions of calibration et room
temperature. It was, therefore, not thought necessary to calibrate
every goge at reduced pressure. All gages were, however, calibrated
before and, when thoy 4id not fail during the firings, again after the
wholo series of firings, either at 20 and 35 psi or at 5, 15 and 30 psi
oxcess pressures. All gages used were calibrated at ieast three tinmas,
with five measurements at each pressure each tims. Because of the rela-
tive inaccurscy of paper records, calibrations obtained from film records,
token ca the 24 chamel trailer, were averaged to obtain the gage con-
The standard deviation of the mean of a set of calibrations did

I S
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nnt ercee
Dot tie BAL and Lhe earth sacck gage were calibrated also at re-
ducod temperaturss. This work was done by enclosing the calibration



tan in a contrclled temperature cold boxe ith both goges a high velua

of the charge per unit pressure was obtained at low tomperatured; at -67°C,
for instance, 307 higher than at *29%, Records were taken on two earth
shock gages under the erroneous inmpression that their gage constants were
independent of temperature. As subsequent calibration showod this mnot to
be the cage, ths calibration constant was pletted against tempersture and
an interpolated walue used. Ses Figure 3e As the change in oonstant bo-
tween ~4% and ~67%, the luw temperatures at which calibrationd were made,
is small, a linear interpolatlon waz used.

As the plezoelectric constant of towmalire is reliably reported to
vary less than 2% in a much wider temperature range than used here,’
there is mv obvious explianaticn of the change in gage congtant, Probably
the crystallization of the material in which the tourmaline is imbydded
cauges a rise, but it is diffioult to account for its large magnitude,
annrovimately the same in the two gages, on this basgis, While the sgree-~
meut of the tourmaline gage pesk pressures with those calculated from
shock velocities indicates that the low temperature gage couslants used
weora approximately correct, it did not appear worth whils t0 make more
than & limited number of low tomperature impulse measurements with gages
of anomalous rssponss to temperature changes.

The distance between blast switches was measured along the straight
line comnecting them, by the FPnysicul Measurement Section, Development
and Proof Services, using stecl ssales graduated in hundredths of an inche.
The difference in distance between charge and gage was computed for esch
gage, using the differences in distance between the support of the charges
ard two of the switches to determine tho sugle., Reopeated determinations
of the distancez usually checked to two or three tenths of an inch. 45
tho timss of arrival of shocks were determined to about 2C microseconds,
the uncertainty in the velocity due to the distance measurements iz about
the same as that due to the veloscity meagurements,

Room ftemperature firings of three weights of charges were conducted
in regular rn+n+1nh atmospheric pressure, 2/3 atmosphere, 1/3 atmos-
phera, 1/10 stw o=phere, pressures corresponding approximately to those at
altitudes or U, 10,000, 30,900, and 50,000 feet. Firings et 2/3 and 1/3
atmosphere were carried out after equilibrium had been reached ir the
chamber with the pumps shut off. At 1/10 atmosphers the pumps were
kept rununing as more reproducible pressures were obtained in thig way.

An attempt was made to obtain five good records by the plezo and the
velocity method at sach of ths distances under each condition. This
necessitated a considorable number of "fill-in" firings, whien were con-
ducted in any order convenient 4o the firing crew. Since many partigl
records were obtained, all of which were read, it also resulted in =
variable number of measursments, A large number of firings of 1/18

pound churpges was made to reduce the large variability observed in the
initial firings. In cther cases, huwever, determinations in excess of
five result from attempte to complete a set of five resadings for sach
posivicne Usually ull [irings of a given weight of charge were made con-
secutively, to avoid resetting the gains of the recording equimment. Tre
iow tempereture firings were made after completion of the cthers, ' Firings
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of 1/8 pound charges and most of the low temperature firings were carried
out at 1 atmosphere and 1/10 atmosphere only.

Film records were read on a Bausch and Lomb Contour Projector, usual-~
ly et a magnification of 10. After considersbls sxpsrimeabtation, it ap-
peared that projection of the paper records did not impreve the .ascouracy
with which they could be resd. They wers therefore read through a glass
grid to reduss lebors

REDIC TION OF DATA

The method of reduction of peak prgraure data from tourmaline regw
ords is deseribed in ERL Report'No. 681",

Velooity records were reduse? to vressure by the use of the Hugoriot
relations for & perfect gas. The velocity of sound in the undisturbed

air in fromt of the shock was taken to be a = 1088 /1 + % /273,

% = temperature of eir in degrees Centigrade

To a first approximation the scaled distance, Z * R/Wl/3,
R = digtarice from exploasive to shock fromt, ir Tolt
W = woight of explosive, in lbs.

at which the pressure was determined was taken to be the miipoint, Z,,

of the partioular values of 7% over which the velocity was measured. A
first order corroction {which was quite small and hence sufficient) to
this distance was obtainsd az folliows:

Both the peak pressures calculated from the shock velocities and
those recorded by the tourmaline gages were plotted against Z on log-log
peper and curves Tfittsd by eye to these data. These curves wore trans-
formed to velocity-scaled distance curves by means of the Rankine-Hugoniot
relations. The final correction was obtained by graphical integration.

The positive impulse was sstimated by drawing, from the peak of the
pressure-time curve to the base line, the strmight line which appeared
to cnclose the same area as the actual curve. The duration reported is
the bass of the triangle formed by the start of the pressure rise to
tho peak, this line, and the base 1ine. Impulse was calculated from
this durations The laber of attempting to obhain mors precisc msasurs-
ments ot impulse appeared to be unwarranted in view of the uncertainties
introdused by irregularities in the records and by ths response time:n
of the gages.



RESULTS

Ths poak pressurss from tourmaline and velocl by measurcvusirts are
plotted as a function of scaled distance in Figure 4 for each pressure
at which measvrements wers mede. The data are reported in astail in-
Appendix I and summarized in Table I. Foints onh the plot represent
averages of firings of varying anumbers of charges of a given nominal
weoight at 2 given nominal ambiont pressure. Pressure measurcments
averagad tozether were not always made without moving thoe gagss.
Measurerments at distances differing by lcosc than 5% of the distance
wore averaged together. Standard deviatione of the %'s are not re-
ported as they are in all cases nmegligible compared to other un-
coertainties. Points at about the same scaled distance represent dif-
fering charge weights or methods of measursment. The radius s U
circles gives the standard deviation of the avorags of the pressurs
measurements. The variations in weight in charges of a given nominal
weighh nre ohvigusly not significant. The sffect of the variations
in ambient pressure from the average value on the peak pressure is be-
low the standard deviation of the measurements and was, therefore,.
also disregarded in averaging.

All readable records of reasonable form are reported in the Ap-
pendix I. Seven measurements of the 716 made at room temperature
were discarded as outlying on the basis of & t~best, as were 2 of
the 250 made at low temperatures. Appendix Il shows examples of ac-
ceptable records and of an oscillatory one discarded as "No good". 1/3
At one-tenth atmosphere all piezogage messurements at Z = 5,3 £1/1b™
wore discarded, as they show oscillations superposed on the shock.

The data were scaled by the dimensional analysis of Sachsl.
Figure 5 is a plot of the data of figure 4 scaled in this way, with
the units so chosen that the curve represents atmospheric pressure
dats in the usual units, The dotted line given by the Kirkwood and

Brinkley8 calculations for sea-level shows no large deviations from
the measurements but is clearly not the best line through the points,
The so0lid line is the lsast square iine (weighted) fit to a quartic
in /2. Its equation in terms of the numerical values of P in psi,
p, in atmosrhores and Z in £t/103, is

=

1) P/po = 37,95 4+ 154.9 + 2034 + 403.9 5 s 30°% pol,/s,,z

i~

3 3
2p Y5 (22 M (2 V)

This equation has purely empirical validity, and appears to he adequa§7
for representation of these data except at the largest values of 2 n /9,
U

It is not possivle to obitain a gcog fit with a thrge term equation
of the form used by Stoner and Blealnoy-

2) P/p _ a.”.z FS !‘-/’ZZ + :7',_'20

o~
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Tagble X

Pegk Pressures and Impulses at Normal Temperatures

Tourm. | Pzak Pressure Positive Impulse

Po | T, '/ W lor Blast| ayg, | « ¥ Avg. o« =
psl | °C Ft/10™| 1b | Switeh | psl pel jpsims| % lpad ;ma
14.9 [19.8 | 4.36| 0,542 B L5 o, 2.,1|C47 )
14.9 [19.8 | 5.29 C.543 T 217 |14 [1.50 | 6,12 6.9 | 0.17
4.8 [21.1 | 6.74 | 0.14) B 15.3 | 8.2|0.51
14.7 19.9 ] 6,76 0.263 T 1.2 4,210.21 | 4.00 3.0 ] 0.04
14.9 [19.8 | 8.28 | 0,542 B 13.3 3.610,28
4.8 21,1 | 8.29| 0.14) T 10.5 7.0(0.,28 | 2.84 4L.91 0,06
1, " [18.4 | 8.31{ 0,070 B 10.4 | 23 10.09
14.9 9.8 | 8.61| 0.544 T 11.2 5,210,222 | 5.44 8.6 0.09
14.7 18.4 | 10.4 | C.07C T 6,11 3.4]0.06 | 2.14 6.5 0.05
14,7 [19.9 |10.4 | 0.263 B Te23 | 470,13
14.7 9.9 {11,0 | 0.263 T 6.22 | 4.310.10 | 3.21 5,61 0.06
12.8 [21.1 |13.1 | C.14] B 5,351 4.310.09
14,9 [19.8 [13.5 | U544 B 5.3 | 1% 58
14.8 |21.) {13.5 | C.141 T 5.47 115 [0.31 | 2.64 | 16 0.18
14.9 9.8 113.6 | 0,542 T LolB 115 |0.29 | 2.63 4.6 0,06
14.8 18,7 |16.6 | 0.072 B 2.84 | 6,0]0,06
14.7 [19.9 |16.8 | 0.263 B 3.89| 4.6|0.07
14.7 |18.4 {17.0 | 0.07C T 3.19| 8.8{0.,10 | 1,37 | 14 0.05
14.7 [19.9 |17.4 | 0.262 T 2.951 3.41(0.04 | 1.85 |13 0.1
1.8 (21,1 |21.0 | C.141 B 2,09 114 0,11
14.8 1.1 |[21.3 | 0.14] T 2.36 119 |0.17 | 1.35 | 15 0.09
14.8 18,7 |25.7 { 0.072 B 1,40 |25 [0.12
1.7 |i8.4 (26,7 | C.C70 T 1.59 | 6.,310.04 | 0.78 | 13 .04
9.78 20.2 | 4430 | 0.544 B 40,3 4.60.76

9,78 20,2 | 5.29| 0.544 T 23.9 1.510.12 | 4.40 9.3(C.16
9.% 19.9 5066 U¢262 B 22.6 9.8 0.99

9,90 19.9 | 6.76| 0,263 T 13.0 5.4, 10,31 | 3.26 4.3 10,06
9.78 0.2 | 8.41| 0.544 B 10,5 8.9|C.38

9,78 |20.2 | 8.61| 0.544 T 8.83{ 3.6[0.12 | 3.96 6,1| 0.09
9.89 20,7 | 8,72, 0,072 B B.81 |12 (0.26

9,89 20,7 |10.4 | 0,072 T 5,33 | 5.,1|0.07 {1.81 6.6 | 0.03
9,9 [19.9 |10.7 | 0.262 B 5.83 | 3.3/0.08

9.90 19,9 |11.0 | 0.262 T 5.14 | 5.1|0.12 | 2.28 6.1 |0.Cé
9,78 20,2 {13.4 | 0.544 B .00 | 5.210.09

9,78 20,2 [13.6 | 0.544 T 3,67 (10 [0.16 | 2.52 |13 C.13
9.89 |20.7 [16.5 | 0.072 B 2.56 |22 [0.14

9.89 (20,7 [17.0 | 0.072 T 2.79 {12 {0.09 |1l.19 7.6 |0.03
9,90 [19.9 |17.0 | 0.263 B 2.99 | 7.4[0.09

9,90 15,9 |17.4 | 0.262 T 2.74 | 2.210.04 |1.61 6.2 | 0.07
9.89 [20,7 [26.4 | 0.C7 B 1.46 | 23 .9

9.89 W7 26,7 |0.07 T 1.36 | 8.1C.03 |G.77 6.5 |¢.02

14



Table I )

Peak Preassures and Impulses at Normal Temperatures

Tourmn, Peak Fressure Pogitive I§pglgg

§ A T, YA W |or Blast| Avg. q T Avp. b s
~ psl | °C |ft/1b*] 1b | Switch | psi % 1os1 |psims| % |[psi ms

4085|205 | 4.25(0.543 B 36.5 | 6.,210.8,
4485120.51 5,29 |0.543 T 23,7 1 6.110.59 | £.01 | 8.2 0,13
4.86(19.9| 5.5{|C.262 B 21l.4 | 3.3 10,25
4.86(19.9| 6.76(0.262 T 11.5 | 8.9 1C.39 | 2.32 {12 .12
4.85120.5| 8.,2910.543 B 8.09| 5.4 [0.17
4.92121.1| 8.37(0.070 B 6.73| 7.7 |0.15
4.,85|0.5 1 B8.6110.543 T 7.82} 8.7 |0.28 | 2.82 | 6.C |0.08
4,92(21.1} 10,4 |0.07C T 3.77| 9.0 {C.10 | 1.03 | 9.7 [0.03
4.86(19.9| 10,6 0,262 B 4.67 | 5.4 |0.08
4.86(19,9 | 11.0 [0.264 T 4,56 7.9 |C.12 | 2.05 [14 0.12
4.85120.5 | 13.5 |0.543 B 2,80 4.3 |0.04
4.85[20.5| 13.6 [{0.543 T 2,75|16 0.16 | 1.86 |17 0.12
4.92]|21.11 16,5 |0,070 B 1.93(22 0.11
4e92]21,1) 17,0 |0.C70 T 1.79{10 0.05 | 0.82 |11 0.03
4.86119.9| 17,1 [0.262 B 2,16| 8.3 [0.07
4.86]19.9 | 17.4 10.262 T 1,89 4.2 {003 | 1.27 | 5.5 [0.03
4.92{21.1 | 26.3 |0.070 B 0.871 5.8 {€.02
4,92]21.1 26,7 |0.070 T 0,95! 7.4 10,03 | 0,63 | 6.3 |0,02
1.66|19.2 | 4.20[0.542 B 33.5 |13 1.57
1.48(17.7 | 5.55!0.262 B 18.5 (15 C.G5
1.48|17.7 { 6,76 0,262 T 8.54 (18 0.55 | 1.73 |21 C.13
1.66]20,8 ] 5.79(0,141 B 9.41}11 0.33
1.66/20.8 | 8.29[0.141 T 5434 [10 0.15 | 0.9 |13 0.C4
1.66(19.2 | 8.31|0.542 B 6.,11] 7.5 |0,18
1.68{21.4 | 8.40|0.071 B 5.,67(18 0.24
16611021 2,610,542 T 5094 4.7 [0.13 | 1.63 ]10 {0.08
1.68(21.4 | 10.4 [0.071 T 2.88{12 C.09 | G.78 {15 0.03
1.48(17.7 | 10,6 |C.262 B 3.45] 7.8 |0.1C
1.48(17.7 | 11.0 [0.262 T 3.69 (2 0,27 | 1.18 |21 0,08
1.66{20,8 | 13.1 0.1 B 2.26| 6,6 |0.,05
1,66({20.8 | 13.5 [0.14) T 2.36| 8.9 |0.,C6 | 0.66 | 9.1 |0.C2
1.66{19,2 ] 13.5 (0.542 B 2,111 4.7 {0.04
1.66(19.2 | 13.6 [C.542 T 1.84( 8.2 0,08 { 0,96 | 4.2 10,02
1.68(21.4 | 16.3 |0,071 B 1.28|12 0.04
1.48117.7 | 16.8 |0.262 B 1.30/18 0,08
1.68(21.4 { 17.0 [0.07 T 1.32(37 0.07 | 054 | S.3 (C.C1
1.48|17.7 | 17.4 {0.262 T 1.19{18 0.07 | C.79 |22 0,06
1.66(20,8 | 21.0 [0.141 B C.87| 5.6 {0.02
1.66]20,821.3 |C.141 ¥y C.841 8,3 [0.02 | C.4C {10 0.C1
1.68121.4 | 26,3 |C.071 B 0.59 |12 0.02
1.68[21.4 | 26.7 [C.C71 T 0.56 |11 0.02 | ¢,38 {13 C.C2




H
over the range oi pressures measured in this works The best values of
the constants, computed ity & least square fit, are

-3 .. -
& = 55.3¢ pei 1b"Y/3.pt, b = w150.0 pes 1673 247, o = 3196 psi 1bL ptd

as compared to _
& = 31,96 poi 16°1/3 £t, b = 275,56 psi 1672/3 £, o = 1837 pél 161 £43

obtained by Stoner and Bleakney,

The difference between the constants results of sourse from the faot
that the coefficients of neitheyr polynomial, in 1/8. are preciselv end
uniquely determined from the data. The coefficients are correiated within
the least squares solutions. Provided that simultaneous variations are
permitted in all three oocefficients, sach set of data ie represented al-
most equally well by any of the triplets in an infinite set of triplets
of coeffioients. Stoner and Blealmey also obtained widely differing ocon-
stants in thies form of equation for the different charges they used, al-
though the peak pressures differed only slichtly,

Figures 6 and 7 show impulse, scaled in the usual way and soaled
taking ambient pressure into account, following Sachs's analysis. The
original data ure given in Appendix I and surmarized in Table Te The
lines of Figure 6 are leaszt sguars fits of straight lines to the data at
each pressure. The line of Figure 7 is fitted to the ascaled data in the
sSame WRY. R

Figure 8-gives the scaled peak pressure measurements at low tempera-
turese The lines are the Kirlwood-Brinkley and least square lines for room
temperature of Figure 5. Flgure 9 gives the redusced temperature impulse
data, scaled for both ambient pressure and temperature. The solid line
is fitted to theso data. The dotted line is fitted to the room tempera-
vurs dava of Figure 7e The original data are ineliuded in Appendix I
and sumarized in Talle II, |

The room temperature impulse measurements are represanted by
I 1/3
3) 1og10(;m) = 1,374 = 0,695 105142 P, / )
()

Tho equation of the line representing the low temperature data on
Figure 9 is

\ /Eo

I eead
4) lcag;lO TE|n = 1,339 ~ 0,451 1a'glo(z PDI/S)
poz "Wl’:3 - R
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Table II

Peak Fressures and Impulses at Heduced Temperatures

Tourm, | __ Pesk Pressure Positive Impulge
P, T, Z | % jor Blast| Avg. L Avg. T F
psi | °C  Irt/ib™| 1b |switeh [pat % [ psi psims] % [psi ms
|
11&.8 '1.8.3 5.87 [ Oo262 B 2!;3-[; 3-2 0-35
l’#cs ".853 6;?5 992\{32 T 215? 2.1 6021 6!35 6.04 0.17
14,7 | «18.3] 7.40 [0.140 B 15.1 | 4.0{0.25 .
14-7 "1803 8.29 C-MO T 16.1 3.1 Oollb 4652 8.0 0512
14.8 | -»18.3]11.0 |0,262 T 8.251 2. 210,08 4,96 | 5.3] 0.12
14.8 | ~18.3]11.2 [0.262 B £.12! 7.21¢.20
14.7 7 -18.3113.5 |0.140 T 6.34] 6.0{0.12 3.52 |10 0.1
14.7 | <18.3114.1 [ 0.LO B 3.98{111 (0.15
14.8 | -18.3117.6 10G.262 B 3.08/17 |0.24
14,7 | =18.3122.2 0.140! B 2,351 6.410.06
{ {
14.9 | -52.7| 5.87 [0.2631 B [25.0 | 5.0{0.56 |
1.9 | =52.,71 6.76 10 262 T 25.5 | 3.210,36 6.9 | 6,0] G.19
14.9 | =53,11 7.40 )0.140 B 15.9 | 4.4{0.26
14,9 | =53.1f 8.29 | 0,140 T 17.0 | 1.9]0.12 6.58 | 2.2|0.08
1409 ’52-?] 11:0 00263' T 9647 7-2 0029 6.38 5-1& 0-15
14,9 | =52.7;11,2 |0.263; B 6.47| 3.7(0.11
14.9 | «53.1113.5 [0.140 T T7.271 2.6/0.07 4,76 | 2.9| C.06
14.9 | =53.1{14.1 | 0.140 B 4La46[ 3.1]0.C5
14.9 | =52.7117,6 | 0,263 B 3.10118 [|0.27
14.9 | =53.1122.2 [0.140 B 2.,19] 5.0]0.04
L84 =17.0f 7.12 1 0,140 T 1c.3 | 1.8{0.08 2,67 (10 0.14
4484 ) =17.00 7.40 '0.L0 B 12.4 | 1.710.15
4084 -ll?-o 1306 C-MO T 3985 5%5 0009 193 6.5 0-06
4184 "17.0 14-1 0.140 B 2.91 2.1 0.03
4_-814 "17.0 2?:2 O.MD . B 1024 891 0006
1.13 ! -18,2| 5.81 ! 0.263 T 14.5 |1, (0.91 1.80 | 6,71 6G.,05
1,131 =18.2) 5.37 | 0,263 B 1.4 |23 (2.23
.57 -18,0] 7.12 | 0,139 T 5.84 127 [0.58 1.45 iz G.c8
2,13 1-18,2/11.1 | 0,263 T 3.54({10 10.19 1.01 | 7,9 | 0.04
1.131-18.2111.2 | 0,263 E 3.,08) 6.5{0.,07
0.97 | ~18.0113.6 | 0,139 T 2.19(21 [0.15 0,95 |12 0.04
C.97 | =18.C|14.1 | C.139 B 174117 10.09
1.13 ;-18.2117.6 | 0.263 B 1.151 5.2]C.03
039’7 "1800 22.2 0.139 B 0-74 8.1 0‘03 {




Table 1X

Pegk Pressures and Impulsess at Reduced Temperatures -

Tourm, Peak Pressure Positive Impulse

Po | T, 2 L or Blast | Avg. | < T Ave.| « F
psi | °C £1/18% 1n Switch [psi (% !psi Ipsi ms{ %.ipsi ma
1.17 '5405 5.81 00263 T 15.0 8.8 0059 2.77 24 0-30
1.17 '54&5 508‘7 Dc263 B 16:8 701 0-54

luI.U “57-5 7:12 Dol‘ic T 8054 3.6 0-13 1:88 16 0013
1.10|=57.5 7.40 D40 B 9.0811,6/C,08

1.17(=54.5 | 1l.1 p.263 T 3.8317.510.,13] 1.94 |15 0.15
1.17|-57.5 | 11.2 P.263 B 3,27 7.6{C.11

1.10{-57.5 |13.6 D.L0 T 2.26 ] 6,7/0.06) 1.33 | 9.3 ¢.05
1.101257.5 1 14.1 P10 B 1,87 12 10,10

1.170-54,5 [17.6 D.263 B 1.15 | 8.7(0.04

1610 "5705 2202 Douﬂ B Cang 297 Ge‘:‘-i-




DISCTUSSION OF ERRORS

It is hoped to prepare & separate report on variability and system-
atic errors in blas® measurements, including a statistical analysis of
these data. Only the mors obvious measurement phenomena will be dis-
cusged hers. No gystematic differences between piezogage and velboity
determinations of pressurs sppear in the data, as cen be seen in Figure 4,
As these methods are completely indspendent, the random error probably
gives a reliable eostimate of the accuracy of the meassurements. It ics
rather swprising thet the standard deviations do not vary mere rapidly
with pressure, as the velocity method gives a 25% error in peak pressure
for a 1% error in velocity at the lowest peak pressurss and 1 atmosphere
ambient pressure, and only a 3% error in peak pressure at the highest
peak pressures.

Staundard deviations,d , of the individual pressurs measursments
abosutv the least squere curve for the normal temperature data are tab-
ulated in Table III. Dr. Stoner was kind enough to furnish us with
his original observations. Standard deviations of these measurements
from his least square curve, equation 2) are included for comparison.
The BRL measurements show approximately twice the standard deviation;
at the lower pressures the larger error is due in large part to the
poor fit of the quartic,

Included also in Table III for the BRL data are the ranges of
standard deviations,g , of the average pressures for a given charge
weight at given point, taken from Table I.

TABLE 111

Comparison of Standard Deviation of Pressure Meacurements
with those of
Stoner and Bleaknay

G  in psi d" in j*
- from “from
Appropriate Curve Appropriate Curve Range of*
Range of Range of Stoner Stoner g in 5
2 1/3 F/p, & & from
ft/1b psi/atm Bleakney ERL Bleakney BRL Avg. Measurenont
2 -3 350-115 36.7 1568 1.i-648
3 =4 115- 83 11.8 14.1 0.9=6.5
4 « 5 53- 32 5.7 Tel 13.6 16.9 1.1.-4.9
5 =6 32- 20 1.8 5.7 6.7 21.92 1.7-10.4
6§ -9 20- 9 1.6 1.9 11.0 13,1 1.0-5.1
9 =14 9=4,5 0.37 0,77 5:5 11.4 0,9-8,7
14 30 4,5=1.5 0.19 0,49 6.4 1803 145-4,9
% Tn 7 of tha a¥eTage prassure over the vange of Z.



One-~pighth and one-sixteenth pound charges gave much more variable
results than one-quarter and one-half pound charges at the same scaled
distance. This probably results partly from initiation variations,
which would pive larger variabilities with small charges, and partly
from the short duration of the shocks from small charges.

The magnitude of the aerodymamic error is less than would be. ex~
pected. At a peak pressure of 9 psi and 1/10 atmosphere smbisnt pres-
sure (B/p~—86) the Mach number of air flow immediately behind the
shook relative tc the velocity of sound at this point is l.l. Never-
theless the pissogags measuremsnt of peask pressure jis in good sgree-
ment with the peak pressure computed from shook velocity at the same
point. The earth shock gage fails to record properly at a higher
poak pressure ratio, (See top trace of Record No. 194, Appendix II),
The oscillations observed in these records are probably due to forma-
tion and breakdown of secondary shocks at the gage. With the BRL
gage oscillations of sven greater amplitude were observed at high
peak pressure ratios. Both zagss gave readings in agreement with
velocity measurements except when ovscillations were observed. The
better performance of the earth shock mage is probably dus as much
to its rough surface as to a higher aspect ratio. Whon thers is a
considerable disturbance of the flow, as is the case with both these
gages, turbulence would be expected to lead to a smaller gage error
than laminar flow. A8 both the rate of flow and the rate of change
of pressure on the gage drop of f rapidly behind the shock fronit, the
maximum asrodynamic error occurs at the peak of the shock, so that
impulse measurements should be reasonably reliable if peak pressure
measurements are. The Mach number of the air flow also drops off
rapidly and it is undoubtedly for this reason thet no gage error
was observed at Mach mumber 1.1, ‘hen the shock has rcashsd the
sengitive portion of the gage the flow at the edrze of the gase 15 sub-
sonic. and flow st s seusitive portion has adjusted itgelf to some
sxtent to the presence of the gage.

DISCUSSION OF RESULTS

The variation of excess psak pressure with ambient pressure in-
creases rapidly with distance for the measurements reported. This re-
sult is correctly predicted by the theory of Kirkwood and Brinkley*,
However, there are significant, though not large, differences between
the obgervad peak pressures and those predicted by this theory. The
computations of these authors have been extended over the pressure
range of these experiments by R. Makino. It is hoped to present his
results in e separate report, now in preparation. A8 the agreemsnt
with Sachs®s nuch simpler thecry is better than with the Kirkwood-
Brinkley celculations, only the dimensional analysis will be discussed
heree

The effect of temperature on peak pressure, seen in Fipure &, is
of the order of the error of measurement. The data suggest a slight
increass in pesk presgsure with falling temperature but are not of suf-
ficient precision to distinguish between the Kirkweod-Brinkley thecry,
which predicts a small increase, and Sachs's, which wvredicte nona.
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The Kirkwood-Brinkley theory predicts a smaller dependence of im= '’

pulse on ambient pressure than was observed. Sachs's theory (Figure 7)'
is in agreement with the datas within the large experimental srrore :

From the impulse data of Figure 9 it appears that the incresase of
impulse with falling temperature is greater than is predicted by Sachs's
scaling law., The Student's t-test shiows that the slopes of the lines
repregenting room temperature and reduced temperature data [bqgations
3) and 42] differ significantly at the 5% level. Figure 9 shows also
that scaled impulsss moeasursd at the lowest temperature are iarger than
those measured at the intermediste temperaturs. As piszogage peak pras-
sure measurements, determined from the gage constant for the appropriate
temperature, agree with derminations of peak pressure by the velocily
method, there is no obvious reason for attributing this difference to
gage error. These impulse measurements are not of sufficient reliability,
however, to establish a new scaling law. However, taken with the apparent
slight dependence of pressure on temperature, they do suggest that the
scaling used is only apprcximately correct., Better impulse measwrements
are needed and should be possible with smaller gages of better aevodynamio
fomn

As the agreement of the data with Sachs's scaling law is of consid-
erable theoretical interest, his assumptions are restated here.

Stating the principle of similitude in the usuasl way, that a rela-
tion expressed in terms of all relevant dimensinnless variables must be
invariant {o changes in dimensional variables, we find that no conclu-
sions can be drewn from it. In order to obtain a definite sscaling law,
Sachs assumes also:

1. The only charge paramester necessary to a description of a shock
at a distance from a charge large compared to the charge diameter is its
total energy (presumably of detonation). The totel energy of the shock
is assumed to be proportional to this charge energy, WE;.

2. Socaling of the time is independent of pressure. The time scal=-
ing must thea be related to the distance scaling in such 2 way as to
give the correct velocity of sound in the undisturbed air. The obvious
dimensionless variable describing peak pressure is then the peak pres-
sure ratio, P/po and the only dimensionless variable describing distance

and not containing P is R(p /WE )l/s, Subject to the restriction of the
24 Po a J

second assuaption, the dimensionluss variable deseribing the tims is

5 £
tan(Tq/Tn)l/é(po/WEd)lfsgiving for the impulse variable
/i
Ian(To/Tn)lzé/(p‘)WEd}lfs. The detonaticn snergy, By is assumsd Lo 1

Ve
corngvant for a ziven explosive and has, therefore, been droppesd from the
coordinates of the graph. The blast is assumed to be in air, and the
speed, a,, of sound in air under standard conditions has also been

dropped from the coordinates. T, is some standard air temperature.
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}
The difficulty with this argument is that there is no appareﬁt rea-
son for sxoluding other dimensionless variables from consideration. The
variable R_/‘Re, where R_ is the radius of the charge, or the ratio of un-

disturbed air dengity to explosive density, would be expscted to enter
into the descripbtion of the shock, The assumptions made by Sachs exclude
lcading density as a factor in determining shook parameters. Nuvr 1s there
any apparent physical basis for the assumption thet the time scale of
ssuad velocity in wmdisturbed air will determine the form of strong shocks,
although this assumption ie as weasonable asg sny that can he made in the
present state of lmoledge.

For practical purposes, the scaling laws of Sachs give the most re-
liable estimates of peak pressures and impulses as functions of ambient
pressure now available. Their extrapolation to large distances should
be entirely reliable. At smaller vaelues of the distsnce (scaled for

prossurs and charge size) than those at which messursments wers mads;
the data justify some extrapolation. Fortunately a rather small extrapo=-
lation covers the range of greatest interest in damage worke The use of
squations 1) and 3) to calculate peak pressures and impulses is undoubt-
edly more reliable than the use of data obtained at a few points. Equa-
tion 4) probably gives &s reliable an estimate of impulse at high alti-
tude as is presently available, although the factor in the temperature

is not consistent with the differense between equetions 3) and 4).

These equations give excellent agreement with reliable pressurs
measurements at atmospheric pressure from other Laboratories, such as
those of Stoner and Bleakney”, Possibly an egtimate of blast paramsters
about spherical charges of other explosives can be obtained by multiply-
ing the charge weight of the explosive, wherever it occurs, by the ratio
vl the detonation ensrgy of the explosive to that ol Putolite, In view
of the small aumber of reliable measuremgnts available for any other ex-
plosives than Pentolite and TNT, for which data are of lower reproduci-
bility than for Pentolite, this method should give better results than
the use of a few shock measurements on a particular explosive,

FUTURE WORK FLANNED

Extension of pealk pressure measurements to much smallier distaaces
fy-m the charge, using the velocity methcd, is plenned for the immediate
future, This work will be conducted electronically in a small chamber,
which has been constructed from the casing of a 4000 pound bomb, and
photographically. At the same time, moasurements of the insrease in
static pressure in %tho chamber will be extended over a much longer time
than ig possible with piezcmage recerding. To investigato the offect
of afterburning, it is planned to make such measurements on & number of
explosives detonated in air and in i.aert gases and to obtain analysses
of the gas in the chamber after the detonation,

It is hoped to obtain greatly improved measurements of impulse and
of the form of the pressure-time curve behind a shoek, but such results
must await the development of measuring equipment of much shorter re-
sponse times and greater reliebility than tiatl used Ia tnis work.

25



K NCEDGENTS

The contributicns of Te. E. Sterne tc this work, especially in con-
sidering possible applications of theory to the problems presented by
low altitude blast are gratefully acknowledged. The improvements in
timing and in clarity of recurding made by Chamning Adams and the assist~
ance of K. We Grubbs in carrying out the numberless minor changes in in-
gbrumentation required in the courss of the work were alike ¢ ssential to

completing these measuramants,

WJ\D,VM-—&\

ane Dewey
l

Joseph Sperrazza

26



T LN
WO P P paw e ot
—_ L I
—_— ——t o —— s —_— = m— o o A — — — R ——
fi'o | a0 1 TS ECT | — %75 W6 | 36576
"o 90 10 oo | w0 gt-o LTC | 8000°0
T T | ont st | seg L 25 sz 96€ st %9 tse| owro
2 e | oomL $E1 | 6e2'g 1907 1807 1807 (Y Uy | 12 L 9% &'st| omee
| Un | ol $CT | 6% Lo A LT | o | 2| S8E | TSt 58°S ot i oo
'z L 1] ol St &g oY ='s S0t 90 ez i 8”.. unm.n L £ 5 moe
r= | vw | orL Ser | aa e | orn ot | gse | o&E | € k R L6°s STST | 6Lr°0
R ™ | oyl 560 | é2°p z22C 9N Lot w0 Rl 3 % perTes n s s €170
ECI B S L ! ST | a'R L | 9t o' | e | ATTE 000 | 3w ST°9 S| 6610
ez [T oL S*EL | 6B o6z | 'Y 001 | up'o | T2 1 TUM seoy 65°S SNy oo
ez || oyl S1 | é2'w §°C | 15y So°T | ag0 | 992 ) S k st 959 %5t | stro
gz | vy | orl $ X | davw o9 | moq Wt | €5 TP 03 gerim 54°9 2°ST | oo
-4 TN | oL S*eT 62°R € w0 71084 50 o] ﬁ FE*N 9°91 w's tm oo
— e e o — e e ey L,io.nq 736%™ T T T T T T WS T @0 0 T e TR |n| T2 T8% 0 " T
g 0z°0 e q0 L 3] £2'0 ) 91 o | 280 cLe 200 |
o | TET | w9 ez ST | seR st | wez | wte €z | oSS | ST | oftz | oumg __ sot | Tneo
602 i | gL 12 ST | az's 480} 9o 65°2 wog W 850 92 S°s 9491 Qa2 | CT'S €01 | oo |
oL Tl | gl 1 S Y | 2w mey gtz 06°2 140 560 ES 091 92°s T 9tz | g6'Y 256 oo ! -
602 T€r | aL9 12 A A 56T ye07 6’2 Ut o 950 " fors 191 w2 | 66°9 €0t | Mo s
o'ty 16X | &9 ' w AR 51 e 62 &1t QT 1 8% w0z $6°g _ &M go'z | no°s T [ oo &M
[ ¥ €T &8 [ 3 £ 4 [ Hiin e 19°2 02°1 00 26" [+ mes | 2'm Zn2 16°7 0ot W0 aors
012 €1 | 699 ferz S'ET | 62'R ey of (507 L'z |sewas oy Q01 25°1) 9T &S LTS [sowy of| 90°, M TTo LR
012 L | @9 €2 §°€ | 62'R 0T 1£€ w3 g | n2°t 20°1  feomay o g2z | gfeg 26T SS°Y | €2y |woexy on| g€T'0 | g
o*1z Y | &% €1z S*ET | 62°R | %TM oN| WTY o | WO Oo%| XWX om| WTA o [y 0y wepImy o4 qT:.a &'z | WY od|  gUXT | 20 | gtme
B T T T 1f_m4ol eoe TR | T T e e B R I . (i A ) ST g e
U0 aze0 o %0 deo o | ootte | S20e nz'n [ 2
(41 99t | g L9 0°Lx Tor | Wo IIads ne o1 ez nOT 1 65T | 61K 579 iooum
LSz 9°9t | g Loz o i or | a0 [ ¢ 122 50°Y 9|0 2L'o 7% HOTYw T | ue. €9 | (02vn): 9'm
T 9t | g Loz 0Lt oo teto 9Tt 661 90 2o 90 £6°1 go*! Lof 9T | 96 9 | {0L0°0) 9
L52 99T | t€'g L9z oLt ror [ o 91 "L o'y 13 z9'0 1971 %" {01 gy | err o | (clvo) 'm
IALH 99t | YE°R L9z oLt 10t | 0 an't 2z°z met §4°0 €L'o 60°1 9 9-0r W' | Zrr &9 | {tLaro) 9 M
6z 1 o9t | 1'm 197 | 0Lt | wor | tgto | emer | 122 | to'r | e,y | ol'o | l2tT G oetr £-or 't €9 2L | (ELODY) 8
Lz oot | g Lz o'l o o) 6t RI*z [eowx) on) eg*c | €L'D mt 18°2 o z'or  |eowxsy oM gn¢ 85*s | (c/o°0) gy
i*52 99t | T'g L9z oLt Tor | o 051 g2'2 sC°t Wo ' ono 901 1wz | Tm 9T | &7 ¢ S | (O 1m0} Gl
Lege [ 99t | T L9z | oL ot | eco ‘ 6271 stz mn't o | w0 WP 01 geTTRE 15°T _ o w's | (olotg) |
TR E g U V| U VST | ¥ W03 | T wed| T 'Wa| zwed| T 64| ¥ '90d| g Wed| T W] € BRG] 7 ‘weq| twag| ¢ "R T T war !
SYIBAIREm HusmaInrwes KT/2%TTIM QT uy APEeRTTLN Ul d ‘eansenig yweg t8d ‘amvvaxyg yweg igien
ofyTo0ton, a0 2 WRTTWMGL, 0F 2 MrQd MATITECT JO OSTRART (Swyq 433604 JO UOTIeany] oA TIoT0A, $OMTTWRIOL, L]
o

SUGRTHOSYIN TETAMT ONY DASEd BV &E TVGIATON 40 STIZVG
1 XIGN3AdEV



- - - e e
e ——t— b e kit el il alalii ) desiboninii sliiogleiesnl subelbll sl bt nles EU |I.Allh..-|| I..I.llL.ulOW‘.|l R et e llfl.llll v e = e e
P &0 ¢ 0 oo %] 420 90 | foro] S0t »
%0 | o 950 | W2 | 92'1 €90 290 | lowol on: ®
941 270 | L9 O | 9o 4] ré°9 out iry oSy e 552 forol  lwM 4 At
A | 8ts o'TT | 9l'y m'e L €5'T | 950 9"z [I4 Tae ] %] W20 e 6t $1
98 | 2TT | i9°8 Q'TU | 9L°9 s§9 | otnl SC-T | 950 LI I 2R 2§ ez ol T 4m 52
941 T} g G'TL | 9L L9 86°9 m*t |25 st¢ 1184 g9z "L 9z w0 0*454 &M ;52
@rLy -1 9% o't 9Ly 16*s @59 W@t 50 .mw.n N&.ﬂ O.mm 5% g8 £92°0| 0'T5 &t o5
4t 38 4 S T R o't | 9l°g 109 99 €1 {00 | [191 829 822 86 §'s2 Su.c_ 0°854  6°'m &ne
——— J
o | Iro |W.a.| oy | %D 0°0 12707 206070, §670 | B0 1w
9z*0 &0 m.o .3“0 gi*o o i moS.L o'z oo o
. et | oges 0Tt | 9u°9 v ot'e w0 14 R s2'g 612) 0 P4 g'm Tay
e |zt e's o1t | 949 €5 | nes et | st gz | bsrg 2 918 N ARE-TAG S B A3 X BT e
9Lt 1t | oiets ortt | Lo WY | 039 gr't | 950 e 1 ooms 2°52 12’9 izl meal  grgid w.ﬁ w.m
9 LT 2L | i9°% 0Ty | 52'9 %0 | ne trr | 6500 0@z 1 909 ks 7L WTE 0| L9t gon =
9T, 2N | 1878 o't | ourg uss | €9 frr gsro | BLE | 209 znse ae ouz| Ben. Te em|  ow
9Ly T} i9ts o'tr | 9t9 9"} 2u§ et | 5o &2 9T ez %g nal e, e'st i e
= — - PN E S N
- S wo e T o 00 T TS O |TWe | oto Té'C To | W6 1 W ] »
2°0 g1°g o gT0 o I aqte o1t L2o w0 et K20 SR 1 4] 5
ERld not | 65°S mit 0"t | 9L*¢ 58T 2 00'n é-f €2°L ;oM | set2 9 &Ml ®ze w61 im ‘ay
851 Tor | &S A 0Tl | 9Lt% SR°T il b€ 12°Y 00"t | €i0 901 9L § Lz o0t &9 et fearol izl sm o
g9t Reou | 655 it O'TT | sl woy f2°¢ T 3891 00y [ 950 m< oL R°0z | 3807 stto R omeze|  S'0n R 9T
g'9r | mor | 655 Wiropoort | ety | aeer oz | oserc ) ower | oS0t Jesto 0N | peod oy pood o) awoy | 2rtg el oagan| ot oM &
89t wror | oess TLL | 0T | %49 | oatt 062 56°C Pt 86’0 | 950 wn | oot € | oot 96°% o1 | o0l ooz smy o ea
87 1ot | 65°S TLL | OTC | M9 | 051 80°¢ s | 0ot S0°T | 55°0 6t | 85’9 8-9% | 56¢ 25 Lf ] (2gzrodl oozl e oxr
g-ot ot | 65°5 L} OXL | g9 [ T2 | guf e | oSt SO'L | £5°0 641 0 o€z | w2 W'y eer ] (9l st am i
8'91 | MOL | é8°S TLU L 0T | 9Lc9 f smer | anE i€ | ey | S0y | 8500 e | feeL Tee ) wer ) Rivg M| (meta)  aret i gt 01
g9t ot | é5°s LT | OTT [ 99 | 96T | eEtC $6°C | 9Tt | o0t |25 55°€ T8 €92 | w2 | RS9 M| (29200) SR 9T tot
- 96°0 20°0 l.|._.....ad -..fﬂ..ql!d.w..dl.!.,.lllliﬁmq..ﬂLl TG tet0T 8 1 5
o | st o | Mo | 69y 810 200 | pooo'c | sé'N 5
[ 11 T oontL st 62"H oL°n gs'e 612 N (38 34 L'l 0T ] oo, Tfe|  é'm Ay
1
22 T by [ %1 6ae g6 23'9 [ 1 840 were 9zn 891 ®eL (A Mo IREs [ 314 192
222 TN ontt 5°FT | &2'% 25N nL'9 8't [ EL°0 IR €5 6791 ge L TP oTme gris~| é'm 492
2z O st | é2s 961 | t2*9 o'y | 6900 X 19°1 '8t s2*l it ] omee £-65=| o't o2
2°32 | oontL ERARE I 18] e oo 56'0 R0 Wite €51 LSt il o'l | oMo gree~l  6'm {92
2'ee | oowe St | 628 gy | €95 't {olo vtz s 0°91 el O°LL ) oMo gres- o' &9z
ez rmoloony s¢t | 628 e8* "1 1e9 ey folo fo'z | 5% %5t 0L 9°91 | 6fr0) 955 a'm 132
T, vm | orit s | se9 B"n | 0l LA £ 4T wor okt 2°st L6°9 491 ] 6E1'C|  graer &M ¢32
€ %ad] 7 ‘9o, T 49 ¢ *ved | 2 "#6d ] 1 .uoaf T IR TN I I e I L R I I B I TN S R At e by
UL N EwRn SJuaRSInIyeN L /ORETTTTM "qT 4T APUOCHETITIR UL o famegeyd xwed ~od (RaMEERIy W4 b tome)| ammamaxy P
wi10T08, 107 2 wRuLTeMTRL, 107 7 orels waTiteo; 50 e farwas MEVIOL 75 TS wiTaoTon wTmmel, showd | wueramy| werdey i
- [ — —_—— b - —— -

L

o



-! e B Rl e S
T T T
- - |
T | . i _ |
4 H '
| Badales L ERIEY TRET .ﬁ [ &g i f :
_ _ N o I 1 1] ﬂn. n_n gw .i EEB U 85 R o
_ b L e
L o T W R S oo I8 g g M ™ ®o T oéo L) 0TI ! WO 20 01°0 3
— e i _ %.n“ .w_ﬂ.w ﬂ.w 220 M.n“o 12z 9070 3¢ ' oi'o * 200°¢|  f0°T o 3
oeel Lot | owes et Loettr | et f ot | ogze | o9t 66’z | €85 9722 | WUt | S (e e Lo 6Ty 066 Ay
i » .o . 0T . » g - v .
LR TR OUR A MRS B S e m o we g &R vE|a ) sn omel oo owel o
0L | Lo | Ysts T L0 9Lt | woo2 e 2tz | STo¢ | pood on| (60 | f5°0 Wl | an | b sawpen] son O | REol %] i Ul
gL Lo ) s WAL o) auts vLavPRes 14 T | eTawwey sox 9z | Lsg 9°€2 8Lz | S0 | im | goz0|  seet] wte 02T
ot | S.m. ,..Mﬁ o1t Mm.c NM mmw mwm ﬂ“ M.w %w coMe s oz | otz loavs | ograt | (ol Geet| ek 12t
oLt . A vt am o | ter . e . " . : 3 : : gret | (2 . . 3
eit | ieon 995 TLT | 0T | 9L T wer | oYtz | gn( | Wmer | tée | esto _~ Wz | eLs 9%tz | o1 b ogmws « 9°f1 R e oL
- n : . g : 37 5 ; T e Tio o 2
B I I A A
792 EAC S A 492 0%t Lo st 1wt m ;oM es e 961 LT3 (3341 1 4oo Loz( 6y-é Ay
Ter | GO | ate 92 | oo 0 e ) O6'T ML | o | g9°0 mm %..M M“mﬂ MuM NM.‘M B mm“m wum ms
92 1 59T | a2y * 0°L1 0 L ogeT | 401 i ogUT | €10 | w9 oy | 2.2 WE_ oy | Seew | g | deo sy ro
Taz | Swer | 2ty it WO | M1 | 0g°1 | MOr | 0T | g9°0 €T | | §78 | ot | src | 08 | Hore. i 696
oz | S9t | e 0°L1 SL'0 [ AET LT | 9UT | G0 |00 Wor | ser | s | X e R AR A K
192 | fe9r } 2 o"L1 80 | 61 9T | T | R0 | 99%0 w3 | ngs oy | &t g Hoo' ozl we
"9z 1S9 | autg 0°L1 €0 | T 6T | fUT | 0 | 900 T | me | ol s uye: gAT) e
roe | ey | G o codor| tok | Nx |penow| 2o | SIS | G | s | 0d | e US| (ol0t0y  0v02| 6
T | Ser | 2ute 0°LT pood eg| o'y WiT | ool off g0 | 290 S1 ! se | By | BT wg i) 2] me
meZT | ST | ag ny gto | 9T | £6°T | IUT | 99'0 | #9°0 G | Lo g oot oy ) ooy gazy kg
Lo | Gy | e oeat ot S A T I B oo e &1 |90z | e |zt oUs | (clora)l  QTLt| e
eagp $'91 | 2l'e [PAS Lo ng*t éa't 9Tt 960 | €L | st i e A P - I
roz | St |zl orit | A0 | pmemlw | U emeed dm o) UL ST ML o e | (omooll G| %
wez |oster lozutg 61 e | e | oot | ettt | T | ato L m St | e | ot i ooy SE G
NS EE I I oy ag [ MR oSm BT | eTieed ba Tl (980T | sitg | et 95°S Mos.& S| TOov
Nee | St ) gty oLt g0 ﬁM 202 ot Mm.w mw.w oy | 20 W6 | et te'n | {ol0'0d Y| 66
v . . " 4 Y . . .
“ﬁ M“h Mm w.”ﬁ wor | g 16T vl 88°0 | 0i0 WY &) pelied 189 9t's ! (cloto) s+t 1ot
T e R Ve S S Y S A Sttty Bt Gl + il i - o+ B 7 i+ o' 6000 |~ 840 | L1600
I~ o Mww %m 1 Tt LETe | uee )9y | gsto | 06 2000 S“Mm aw”wn
A0 B VTR 94" 9% 62°% £on mes 29 € €€t e | eWn w Le 250 ]
AT A I TRl e | st estE | oavs | oste | et -0 |sno paaps M TSN Bt MM m.m mﬁ.w HWM m.mz
Gr|ED B S el B LR M RNR ) pny re fme) ) en
,..ﬂﬂ 278 {4 { oo A L. . , . . * . - . . f . -y »
5L ",m.m ﬂ_.:_, _ W | oses | e | o | o9 | soer | 960 [avo | uavs g3 L 09 | e L me | M_T_Mw L mu:m
B GE e WD OES DT BT (B0 (83 ) 08 R Lt g ogk B ooy oan
N ) . £ : by . . . . con by .
,H ik ﬁu 9°€t wm i | aeol Mg | 985S jwes on| 00T | S0 oqTpYSl 4 wexiof T | W@ * §fsn i LteT] oSt
TR T Sy pYLTT e e B I I Y e T BT I I ST R IS P S e
e s . T — e i e i i S Tod fotane, i T ||&.I.| _— ||u..ml . o ecmmy WRINEE S Uy
LRI eey §/20TIITE "yt W FHUSOVSTLT TR UY 1ed ‘eraRasg yway ed faaned ag xead ;o E S il qusyau o
st z waTTRLmOL, 193 7 wels WTITE0d Jo eaTvaY Tl?z an3ayecd Jo moyasang AaT0TR, WO, o _ ATy 9
i ot ] — g m—— — i — s | . —— — e | o o d

O L R T urp——"

29



BOTIRIA pawptreae puw feem wp Jo Sﬂa_Tu ug ._TZB-
two | €a | zro B ® e [Toe | atis T str0 1 s ol a0
o | &0 | 620 ﬂw __m.«.o TLO | 9070 | 90 | a0 ) sota| mer | ege)
vit) gror| omees | owur) o | eee | ot | stz | e T LT M| 95t | vt | airo|  bedr|  gee
qe . . . . . - . . ., 2 os'n Ol (808 o . . e gy | .
(314 90T | nS"5 LT 0°TT | 94°9 [ewery oyf [Tz L'z (swas ol $5%0 | §4°0 X : LIk §° 2 a0l ost! gg
LT | 9ot | 8§ VAT | 0o | L9 | pocd onf g6 | poo3 ox| posd on| Mo | Guee .a.non o 6L | ST | 1t | peedox|  mpeg o.ON_ .ﬂm:ﬁ
Tt 9°0T | M5*S L ot | 99 LE°T €2°2 91z ot 86’0 | M0 96T ﬂ.a 12 1002 SNy 5Tt 292°0 L8118 Mgy
el Tt B ma| oM gem | oter | 96t | pood onl ge-t | S0 |poadog | 26T en | NIZ €6 | T | peddon | meo|  genz| g
(A 70T | W5 it a'tr | 9l'e |eowes ox| gorz £0°2 (®man ogl @60 | 6F*0 9z | oen B2 o ony gaeq <at 2°0| g'oz| fe
Ll | 9t | 1575 TAT ] 0N | e (ewny am) 96°T | TI'Z |eowsy o T6'0 | 90 523 o Iz pown ou| gnen U me| g _ e
UL 9°01 | M5 A FU | Ao g2t ot 16°1 ™1 96'c | Z*0 10°2 wo.. ._.FWN w1 'y 0¢1 292 06T | T8
Tl ogtut | mees TLT| oetr [ oute | 2t | to'2 | 99tz | et | weo | dne w2 E.a taz | &1 gms P | w'0|  svr| g
it 9ot | msts LU OTTf W | ST [ 202 | 4§72 | let | zé'o | w0 ; K 6z | et O a'or | wezro| o'gpr | og-r
20 | £0'0 | fo'c M.o G0l sro Thoe s | roo + weo'o| 990 | wn
o | 00 | ate .G.u mu“o Wm.o e | evo *0 | w0y geme ot
S-H 59T | g L9 0°it 10T | €9'9 280 01 L T §6°0 6@t A 0L0°0 L | 26t
£9c S99t | 2'g L9z oLt 2°01 | aso 99°0 Js0] wol £°0 | serp 73°0 e e 960l o] 2t g ] Lo 6tr | gan
92 | &%t | &9 L9zl vl omot | o | s60 | et | xtt | &te | epte A | W oM geo | ot |y Lo* | £z | 26'n
£ | S9T | ¥4 L9241 0T { f:0T | 09'0 | S8°0 | @6°0 | T | 70 | OR'0 oo | Bz ju9 e0 | gt | e WOl mse | ogatn
coz | g9t | zeg 492 | 0NY | TOL | 9T | 9670 | fO'T | 891 : ¢g*0 | 06”0 A 2" WU | o L 96T | Wy aore | €05, | guen
€92 | 591 2'g L9z | o't | Mot | sen woy [ 3e01 | g1 | 381 | 30 o | mez | o5 e OPwTI0 of uoty i o8| ey
€52 §°9Y P Lt 9z oLt Ltk 0] 6L°0 96°0 Jeo] wmo | ero w'o ﬁnm ine 3907 96°T T34 L0 €'f2 25N
w9z [ M9t | 257§ £92 | our | Mot | €9°0 | égC | ig'0 | €21 | 96'0 | og'g T de s (&0 | ET | e | (om0 | 6o
192 191 | 2s'g L9z 0°LT 701 | 3901 26°0 201 o] 60 | 150 -1 ot a9 0y 23'7 w6 {ae0)  otzz | osn
nQ2 9T | 25°8 L9z o'Lr 7ot [ weo g0 66°0 ery 06°0 | 25%0 0t L L9 €01 &1 2'¢ (320'0)f 9@ | 9y
n'9z 79T | 25°% L9z grLr ot | e m'0 s 07 1.0 | 98'0 o1 |- e 807 W al'€ ) (ao0'o}} o'6r| a2y
s 19T | g 1497 o°lr Tar | 9891 §L*0 4507 o7 g0 | qe07 o't (T4 8L*9 1507 - B4 WeoT (ad00)f o061 | 961
192 9T | 25's 192 0Lt ol | Ao 0L°0 | paod op| qeoq 96°0 |peal eq | (Do1 9 1 't | 9407 ot oL Mys.c st | zmeg
neq2 91 | 259 292 | o4 TOv | e | 060 | 90°T i 86°0 | 99°0 %'0 2T 9€*q &0 - (il 0L0*0)| 0761 | mo%
™92 | et | es'e L9z | @it | 70T | uders yoTysaarice o WOl | Wm0 oS0 | M | T | 66 e i) o) (w00 o0%02 | wn
: - 1 TTEe | 870 T wiG B N A S B e e o oot S T el
o0 | Mo o 0 | €60 | 9g°1 g(*0 0 $6°0 20°0 | 9t 20°0
TET | e of'n 9°€L | 19'g 62°5 282 967¢C on'n oo'f g0t £on | 19F ] 8'€2 mseo 2'02 § 8Lk
it | e o ot | o'y 62" 9T 26 06'C %'t WO | 0 £2°n £L°6 g*an | orf e | poe ) 902} 96
it | A o'y ottt | ™8 62°% oz z R [ €1 R0 | 9F0 gz'n Al 6L | satf 2 L€z ™m0 902 | fRte
e | e ofr o°C 98 §2°5 wez 29°¢ oY 0f 1 £9°C | 40 Li'§ 0576 T | 6N e LER S'0 £, N6
LA B of " T | 'R 62's €92 oL€ s T 58°0 {AMo 96°¢ 80T 6'9€ | 20°n ] g'€z 7o 02°02 | ol's
7€l | Tt of'n 9°7t | 190 ] S 00y ™mn w1 60 | 9F0 89°C EX ERU IR A 9 H*Re , Ms°0 0°02 | 9i'6
FL [ TR o€ 91T | 18 62°5 | pood o 21°q € | pood oy | 060 | 9€-0 woTpuny 03 PITTAY 187 w6 o'ne tns*n 69T | fyré
LA S 4] oEn 9 e | 19°% 62's ga2 00*% 2 ] Mt 9’0 970 ig'f Tn AULE S0 o9 L 1 [ 3] 02| W
I ] s O N N T I N IR M I S0 BT S R vy e o W04 | €SO TZ S [ Y80 | aar | oe | e ]
T T fusssseen U ImAIOE N /oewTTITEm qq uy SPUOOLETTL TH ] ™d ‘ameneld xway TG famueolg Mg JqdTem | cdmey (emaeey;
» 291007, 20 3 wFWRINO Y, 20X 7 lsﬂ«!.ﬂu-& JO ACTRORI {mwy s453TE04 JO uoTjeang wAVPO0TOA, KOUTT LI L, adrer | suelquy) quepqer




_ T
t
R XEB TRET WU R B0 | [5oT &0 ] 207
%00 @' 10 wo 9t°0 €0y 90°0 6o o %0
£92 | ot | My 192 | ot | wot [ gto | w0 | plvo 65°0 | et | l9°s | egto | @t | epee g’
€9z £491 | w'g L9z oLt ot | é2a asop 9%°0 Tt o] o 00 051 9L 90 1807 ez 1 @
€ez 91 | g 192 | o ot | S6°0 £5'0 20 | o't | oivo o &0 | gorr 8T 030 | st €z %4 wm
€92 £o9r | €9 L9z | ot ror | %o L5°0 o e[ 3 €50 L2t sa°s | ls'o €21 09°2 991 00t
(] €91 | 1€'p L9z oLt ot | 2o 9°0  [pood on| pgn L0 | oeB o| 250 15°1 25°S 90 2T | poo¥ o 8971 611
€52 9 | 1€eg L9z oLt 90T | 670 15°0  [pood oy | oy 6.0 | pood ogt| 85°0 i 56 fu'o 82°T | poos oY 8t
£'9z £*9C | ‘g L9z (1 feor - aser 807 £g°0 wor wo 950 "o STt sl 3807 aeEY 2 ot i
£°92 €91 | TE*g Lsg t orit or o1 | 450 | 960 [ vewt L Lo | 190 650 [ o S5 | 3moy | ggey | gref Y 9LT
€0z €91 | g s 0°it "ot 3eo1 %0 80 | cowry w0 L) 95°'n 9E°x &N 3001 Bt w'e £9°1 Sit
€0z 9T | g L9z n"Ly 1ot | wol w01 9'c o0 ot &0 hptelia | woy s Tt 041 WLt
€9z 29T | 29°g Laz oLt Tol | ™o 25'0 |yoed og| gyer 060 |pe oy | 9570 et or's 850 ST'T | poc¥ 283 91T
€92 29T | 25°g 192 0°Lx 0T | usor 870 o oy 99°0 an‘o 19°0 2t 199 1807 Fadd &t BT ont
. 9 2°9T | 25 L9 0°LT YOU | eomn o eowny W0 [ esur, ol eowrs o 5q°o 00 S0'1 9 | somiy of sowry o yy'n oy g
£9z | 291 | z5e Lgz | oty 1 wor | ufto | msa J-lu oK & | €6*0 | Mo 8570 | o1 | e | ggrg | taer | poow o 2t au
<9z 291 | Z%°R L9z oL ot | Lo 15'0 {ar, §e°T, i'0 a5 0 @0 2t 90°5 nso et 15°¢ 2B 20T
€0z | 2e1 | 2% Lo | oty mor | e 950 | oavo | el | ggeo | g | 8% | 2T ! dre | ey x°1 L vy 8
(4] 2'91 259 192 oLt 0oL | vomq off eoRs lg*o [T wurg 950 oMo w1t L | sown Ry F4541 124 e
£*92 Z9T | 2s°g 9t | o'ln 0L | wcots doTimaqzrep off sdrie doTiaaiiNe o 9290 | 56°0 | 'S | sdess wprimaqrred oy 5
€92 | ot | 247 £92 | 0T | MOT |ewn oo 2500 | 4801 |eewn of meo | e 850 1 ory M2°5 | wdeis wyimqrree of
€92 a9 | 287 492 | oMt | mor | 60 | &0 | 90 | owt 18'0 | e wor | wt &6 | @50 | giey erg
£:92 9T | 25°g Loz | oux 01 | of'e | &80 £9°0 ot o 15°0 wor sE't oL 95°0 e e ot
tee | 29t P i'92 0°L1 ot | &0 250 160 on't 80 09°0 ot et oy §5'0 §¢°Y 20*F )
i o r—— el e e o o ¢ — ek " fr— e e b e ] -
B el R i ST SN 3070 e 90°0) ©0 |~ st'g 80°0
| mo L2'0 oo 90°0 12'0 gl o
72 oo oove e | 2o ferx 9°e 2t 162 L ot
22 TM | onl LA 430 22t pood og AT°T  (pocl oy | so7 eo7 o0y ¢tot
222, UM O| oone et | 2xee tete 22 gt 050 L n6"2 Jwoy 07
"vez TRt | ond LA I L g6 1 e meu |0 T 96°2 wet noY
2422 v | oot ey | 2L e 292 ey 0s5'0 1007 £y e 22t FAL
2'ee Tt | ol LI I &) 962 10°¢ gt 650 g2°1 962 521 270"
e A el 2o | goo £1°0 ! o Lro wo 1 65'0
€0 L1'0 [{] aren ™o sz ¢} ™ot
S'FL . 628 g2t 9T | 15°9 62§ o't | zpez 0 g2 6o'y §°9F, 2L Lt
ST 1 n2vg 0z*n S ET | 198 62°% It 92 ool j ™ 940 s€'n 9Lz g T | vee 26*0 | pwod o
e | e T 9t | g ! sz's $L't L 61y AL €0 %0 ne 2 50'g 0°9f | 132 g6L ' 172
e ' Letg 2 9T | 1oty 62's “9° 1 poull oy goi snt Lo ‘0 w2 85°¢L 92 | €572 | poo¥ oy zegy
et g £ L34 A S -TH 62°S £T 1 pood ol TI'Y €21 e &0 89°2 [ Q%9f | g | pootom|  L-ge
ST 0 tz'g Ll 9T | 9y 6a*s 06"t ¢ pood ol gaey R9*0 |pocd oy | {i'7 12'8 2'on | z2'¢ 02°6 | pood oy
EM R B ™) o2 (1 [CHS [ 92'2 SL'¢ w0y 57°1 w0 K0 e 19°q 2" LE €1°¢ 00*g ez
S 1 ey oz2'n 9L | 19 o2y 91 Sge Gs*f £e1 €40 z0 ¢ snR 6°5¢ | 6172 ony N2
341 Le'q vz n o 1 19§ 62§ 912 M pool ol SL*0 &0 3801 wer IWOT | pood oy SE°y 6'ee
R R A N TN A e T redd [t e [TTRE e caeg | Toweg [ ¢ "eed| T TRUITY “Wod| ¢ TEG{l Z veod| ¥ “wo]
— B L] — — e — — —— — e — el o e e — iR E—
SjudmAIn TR (LU LTI ZUTOPRTTI I 4T vl SLUCDRETTT T0d ‘aancmany qeuy IRt faunsunsy Hwey
w3 100Tay, J0F 2 L wBU T mMOL, J0; 7 FUU] WATRT80 jO o4T W] |@wlg @aly(sog Jo uoeTelng (| wA300T e, 1 WA TBIINC,,,
—— i i ———— —— e ———— e e it e P —_— — ———




i--.,llls S .-. —_ - — - —_ — —- —_— o m—
o T |
doﬂqrﬁa prepgne puv
T T T e t e m 1 st T _nm..aILIOA.O ' e.o.o -1" 80 |1|Inﬂu|-
ﬁ..w qn.m 20°0 az'n stio 9T°n wen
rez! | ore wrt | s o o Qo | BT | 6 %'z | Mg
zzz | vwm | ore L 1 | wer L0t . TE0 | S0tz | 6l B | sre
2re TN oL 9t | oIl ﬂ EAd e 921 .ﬂ_.w Praseens 4o o2 of*¢
i | vm | oyl ¢ | AL et | zmre R2°T | i§'o | 0 | fXZ | gty w22 | 00ty
2z | onL 9Cr | aT'L grey €61 &0°1 a0 (0] RL°T 06 gt ol
e T oL 9t | ZT°L 1901 I 31 1907 mo wee w1 [+ 8] iz £
(A1 mo| oort U A S oY 971 ot T e 2.0 45*1 w6 a6
- e R - - - - - Py T Sy e e 1 o f—, - ——— 1 ——
o0 80°0 o0 | &0°0 STih 50
Zt'o gr°n 20°0 [+ ] 90 95°1
2z v | ol ST | ateL £6°0 s 1o L 25 61 %S
272 Tm ol Q6T e 1807 3807 0ry Ln 6601 LT 0] wor
z'ac M| oL 9*€t | zT°L oT'1 | pood ox 60 ﬂwuu!o- 807 oz 1807 1€ pood oy
zree T oyl g€l | 2L 20°1 05'1 860 mo Li'o w1 1607 w2 L
z'er UM oonet 9fY | gLl o €51 8870 50 o] 1% 9807 ®*T | §S ,
222 ™| oory 91 | eve _ pood oy | pocd oy poad ox | pood og| 3801 ot (el o 91 € e
z'2e rm | ont 91 | 2l 00° ¢ o€t £6' 950 | &0 FLor 1607 a2 @ ?
g2 Umo| oL 9°£1 asl ImAto 9L°T ga0 €0 %0 9tre 1897 £é°t [0
(A2 T ooyd 9 €1 L 060 L1271 00°t 25°0 ot 16°1 o] W1 [
zeee vn [ oL 9 fT | 2oy V $6°0 neet g0 ma s §6°1T 150t s1°2 209
grze N | oL 9T | 2tel | onrt | pood on ni*o  pood og| ti‘o (TN 1907 L2 | pood o
e RN S A - B O S S ) IR | [ . I
0°0 | 2'0 RGO ' 200 S0°0 ) o 2040 SY'0
00 %0°0 | zZ1°0 $0°n sto m1 oo 1z 0 55°0
[+ 4 T°f1 é4.°9 L2 ¢4 S fY &z'n o070 90 . flod a0 92 s %o 9Lz NS
3 4 T | 6L9 £o17 sefv | é2'p ma PR 1) go't 150 Lees &0 1202 901 | Mo gEre 65N
0*12 et &°9 €12 ERAS 2'g gL o %0 £4°0 L0*1 95°0 o 66°0 e €06 8Lo Qe | f9-n
[ ] VLY [ élre €12 SFT | ézom [eowna oy oLy 2L'a | eowaq o 6540 20 3807 2607 T Jewmof W2 ! 4w
[l 4 TET | 6L €12 g fr | &9 o g0 si*o F1434 250 0 %01 807 e Ao e 95°0
0*12 TET | 6L £€(2 sy | 62°% mo 90 plec s0°1 2570 [{1) 90 g2 198 g0 nee 9°s
n'12 T | &9 £tz ST | 42'@ 270 | wood oy | gR'0 f0°1 &0 o ge’o Lo z'or | tao g2 ™S
o't Uft | 6l's £°12 ST | 629 w0 £9°0 250 90 £5*0 Ao PIOS oy Of°0 e 52°%
n*1z TFT | 69 £t A AL &0 6L°0) %60 oty B0 oo 88°0 92*2 se'g gl ootz L2
otz 61 | 619 £tz §E | 829 Zf'0 | pood o | 0T 990 50 ngen £a*o o 66°0T | 9i°0 ng*? 2%
012z L3 3 B-TAL e §CT | & 6(°0 | poo¥ of | €60 20 45°n X0 T8'0 97"z 816 Ne'0 Ml | €65
0'12 TEU [ &% fer2 SFT | 42*R on°o "0 $6°0 20 8s*0 €0 L) (] cga 160 T2 e
gt €T | 619 €12 S €1 | 82"a wop 00 Lg'0 ae0t 15 0 £o PMODRI w0 Lare RZ°G
D'tz TEL | e €12 S'ET | seta 1307 3807 1807 1807 e | eon paocous o o7 90°¢
(11 ¢ Tecy (Yo} 'tz S'ET | s2°g W07 i5°0 4801 3807 ls'n ' w01 £9°0 gTe kiog 3801 a2 oLts
BO4 | 7 “d@og| 1 veog| Teeg | p @I T cweq | T B[ £ Cvog| T 894" Imn].&l.-wl..umumnaﬂu.ﬂ,ﬂ..uﬂ [y e
..... R s J S sk 2 il B o T el B -l
SLUERINE T FUISHPILD B 2UR/209TIT T QT U BPUOODETTT A UJ Ted ‘wmmRaly eed ed ‘aomERald fued
HK1300T00, 207 7 WRTEIMOL, 40 2 wedd AATITCO4 JO WTNAN]  |WWid aaTH596 JO UO[IRATG whi300T00. wATTORINOL,




o - e ; T —r- -
| ] T | _
‘ f 1
! .
' | :
| 1
' ﬂ _ ‘
_ * |
. ¥ ]
| 1 ATV B Lédiu
. B0y I Ry D N LOQEIMRID I .l 144 Y n% 30y Od eswd O} pumorie nv; 1%
1 IMOET IR WEaLd TORTONTY o 2L LW Ty bewqnd aod ‘aup dugamau!! fjaz.
PEYO00 ATy g 3o pruem MS Ny e T s e omm Juwisub s edvs
[t dchuer) Rl [fuoy o {q l.dAcﬂu o OB JoqNymIodKDy QUATUE B¢ A1l
. —_— - o e N N A B
0 o WO | TN TT WM FU0 | 6670 | 200901 nm1 020 : [
o | e oo | 20 | et o | €1 | soon0] okt | mec :
911 U | v o | ws "6+t 12 E1 e 891 €9°g _ oSt | 9ol s lrt1, Ay
ot | ot | age e | ows | poos on| g9z w1l e | orm ore Iogst| 0| ot et aue
out | et | g T | ws REN R T e ) vst o L L B LS B
oIt U | lgvs o | ws e | 3ne iAd £5°C oLt e 9 €1 | 20 §°€5~ ML 952
orur | ey | lgeg I e 12 itve et L SN oren LST 1 £52°0 o8-l MUl 552
9°11 v | 153 ru | we 202 etz 0t &2 89t olre I f91 3...5_ 6'ss Mt nse
- -1 TR T 0" o 2z g6 T go | W00 Ml 900
't | e 900 20 M 2600 w02 Tontn |2t €00, » ¢
91 211 19°s ra | w's 0t 00T [1481 g0t L e a1 €970 'Rl €T Ty 4
94T 2 | i e | 19s o 90 Lz*0 02°1 s6°2 | oe Qe e f1 | 2920 AT et |
9Ll | 2T | 19°5 a1 0o gy (o | %1 sz 06" ¢ LT LR el I L
9:ir | zrt | 1g's oo oms 95 Dpood eyl greo g WL | oRE L o overt B ST U T I o6 iad O A
oLt 21t | gve o | o1ges 06 050 @ |t mee o et et 91| 9270 681~ 00" |
CAFS SRS S I TH T | WS " | P | fer 0"y S.Mp TS5t ot nNY ) Ezie e secn
- - '3 T77 T %0 o T e [T e T B o0 ] G
o 0 Lz e ¢g'0 | 0670 §5°1 | gr00°0 [ 06" atro #
gt | oo ott |ote | 6o oL | swe SHT, 6U'T | &E | Wp | mr0 |  Ltut ;o by
g'91 7ot ot | e 9 T e 231 sLf &M | Mot 2 679 £9270 LT LT L
9°o1 301 otr |9 | goet e b M| e 89T | BT | oeE ot | tezto | et 9T | 64T
8°91 $-ul 0T | 9L neo 90 R 16°¢ gror | ATt 153 gL 970 A §9°1 at
g'ot ae01 ot | 9L Lo o 3T 05°€ Lt | gt o7 e 0L°6 992*0 et %'t L1
g9t 9o o' Tt ETAL X 3] guto 851 997 L8 m™m'x on¢ m-L FH20 1" 81 =22k gnt
291 90 01t | 9L §9°0 2L°0 1zt 151 Lgt | 22t so'n | o8 192°0 ez 9T 1154
837 9°0¢ 0"1T | 9t 05°0 | 650 provag oy 6.0 6r°z | %L §92°0 enz | wo ! St
gor 9'0T oYY | 9L KT ! A0 nf 5722 | asor Jeon k ﬁq._ w20 T | w0 Tt
9ot 9°0T 0'1T 9L°q o N mn €271 o f §te ey e pood &gt _ 5001 8et
39T 1 4ol O'TT | 9L 190 L0 pIocah oy £6*0 of' | E_.ﬂ 92'0 | L0°Ct , &1 - n
g3 901 0Tt | 9lte poud on) L7t T £ere §6'0 prooey of 5571 95 | @90 | 192°0 | ,5%6 ot | 198
99t | 90t o't |ots0 | woud on] 980 | 94T | wewdt on| z8'0 PRy oR BT | e6Th | meel okl o9r'o | .57 A T
SRR 2780 | T 86d ) L 03§ ¢ *5od | L -50d | ¢ il KA L A B LT A I S “rar o | sam 1
prPeeEp—— Prpep— 7o8RTITM *aT U1 WXSCAVTIT U] Tad ‘aranaly Heg 394 MINEETg 3O T rdeR; |manes gy *oN
LR E RIS I «SETIMMOL, ) 7 seul eal3e04 JO setndMl |ewwid saTITE0d Fo uo e T S w TR0, s aueam ..,._..:EJ "
—_——L —




SBUTEUCOWR 0 SEn Gd00W EYT SWUL JUREU L00Ea] O, B 00w oy,
DAL g JOU DTOOO (WEIQ i 0 UOTITEOC JUl AU pI003l ATootea e jo ‘pood oy,
w'POud Opy W H0208s B
FUELICOE T JO SENED Y} %A LHBWY, ATTENEN  TPOPIOdWl SJaN EIUCLS HOUUT [apuncd
Arywuopsreany 11 xwpueddy up Cadys 87 pIudas AIOAB-{1980 Y JO eTUDX2 ‘¢ TWIC] o
STQUUCUIL ¥ BATY 0U PTP OWT} GUY Y3 BUNEM ‘DUIIORI SUTYIVEINWOY ¢ jO ,'puod up, ™
f@{Ed0 J)O e JO DR
07 JUTRJ 004 SUA P.IOOAI GY} 10T TEOC #TUT AW JWT BUAEl L3007, PUB LOTQEEBL LOH,
smadreyd VTR Jo SH@Tim eBwisat ay oaw seweliuated £ e3piten

L ILYT

*UOTYP LAGD PIWOUWLY pUW wen JO LOTAENARDD Ut Pt ITR, @

e e e e (R oo g1 0 Fiid 90°0 [43%) LIoete S0 9T0" 0 2
no"0 g o 970 2N sT'0 32’0 gwioto 1ott L »

LA T (A o2*n 9¥Y  19°8 62's 96°0 §5°1T e e [ A - n6°s N5t 0 2"ol WL ray
S €T L'y 02y €T R 52° 9NG UOREIETEO O POOH OF  BGMG WTIMTTI) of 0wl o 2202 [ g'6f  rdom whamge oK pood oy RS0 IATA [CAd¢ 361
§ (Y hand’] o] 9T TIH 62°'% GTQWAI o) pood oy  eTREpWAL 0 pood og 902 9°S zron pooB oy d0°% pood of RS0 5yl N1 L51
gy g2 h 9'€Y 19§ 82'S g0 sa't  pood oN  [0'L gs*0  ood oy &2 16°% 982 BL°T 59°S pooX off  )55°0 e Bl "6l
R S oy G'fT WS 62 061 gN't  poo¥ om 601 uro ead en LEY N2y v W on'e peod oy  OME*V £ree g1 0z
§°ET €'y c2y 9T 99 62°% 960 mer pee? oN 20 énro pood oy QT2 LR 2ot 661 0°9 pood oy WSO &'t 9e*T 191
R () ca 9°Ct  wWR 62°S 86°0 L't peod on 46’0 g5"0 peolop 222 18 o1 el €9 poold o 2M5 0 g o &1 W
€T 1€'® 2 9°€T Ve 62°S ool oy pood og pood og pood ox podd oy peod o pood oy pood o Q'Tf  pood o pood oy pood OB QRSO Lot &1 91
(A S A T o e 9'r e gz¢ 1003 on pooid op pood of pood of © Ly'0  wo¥ B g6ty %9 256 pook oN poed o poaud o NSO (334 95°1 (19

I8

LR e ] FyusmaInSwaN Y/20Q VLI QU U EPUOIMSTTITA U fad ‘alnuRadg Nead o ;
L3700t88 =7 2 »OTTILN0L, JOF Z ey oATIISGg Jo ewynca] MTITE0] JO TemNg wA3T00TPA WL Ly sing | kT | quetcuy

A S LT U R R ) I TR KN Tveag" T {wa | ¢ 96d [V w0 [T 900 [ € #a [ U haqr | o0 | wE T -
I.:.I—I.!...I”. IIA”HI —.. u|! . |"H —_— |.lu .||.1H . ﬂn.—....lhﬁ-!»... oo wIyen w\ ~cmay 733.» Top

e e i —




m emam mmmasy  ermemwa e o memmmm mm i e ot s e s e mwvmaran o ——

12 LB, CHARGE AT 183 PRIA AKD . 21 1%€C

T T
B.2¢ FT/LR Y3 - I :
oL AToAT Trege, o 800D :

’V ) " 7776 LB, CHARTS AT 173 FGiA AND goov & - T AT wOT
o= ' T R V267 FLLE o ‘
. .
TR PR wU.EL(') c"’i’
z «17.0 Fran R
e h T
£+ 2.4 FrAw'?
e e T e T T i et
. ‘ i

I/16 LB, OHARGE AT 14.9 PSIA ARD_ 8¢

E =267 Ft/l.l."‘?'\\/»/'/\’\-:

™

B« IT.0FT/L

Project No. TB3-0238A. Appendix II. Oscillograph Records, Qriginal
Records; March-May 1849,

ad

n

2AMe CE APIPLRE™ SACY.uG QRTGHn

L

21



le

3.

Se

Ge

8e

9.

REFEREN 28 !

Ballistic Institute of tie Technicel Academy of the Luftwaffe Re~
r-rt 9/43, ™With Reference to the Daecreased Blast Effect of Explo-
8’ ong at Greater Altitudes", by He Schardin. 1943; }IEB/I}.BZS_/].,

ER Sy

w2 ci@lation by F. Marks, 1947,
Ballistic Research Laboratories Report No. 466, "The Dependence .

of Blast on Ambient Pressure and Temperature", by R. G. Sachs,

NDRC/Dive 2 Monthly Report No. AES~lla (OSRD Report No. 627la},

"The Effect of Altitude on the Psak Pressure and Positive Impulse
from Blast Waves in Air", by J. G. Kirkwood end S, R. Brinkley, Jr.,
June 1945, -

¥DRe /Dive 2 Mouthly Report No. AES-l4c (OSRD Report Wo. 6007c),
"Air-Blast Measurements of Various Explosives as a Function of

Avmospheric Pressure", by H, M. Lang and D. Silverman, September 1945,

NDRC Report No, A-376 (OSRD Report No., 6254),"The Effect of Atmos-
pheric Pressure on the Alr Blast from T, Tritonal, and Blasting
Gelatin, by W. D. Kemedy, March 1946, . This report conteins the
results of Lang and Silverman, above,

Ballistic Research Laboretories Memorandum Report No. 478, “Com-
parison of the Blast from Ploretol and TNT Toaded 2,000 1b..50. Do
Bombs", by Joseph Sperrazza snd Elaine Gilinson, March 1948,

Saullistic Research Laboratories Report No, 681, "Comparison of
the Blast from Explosive Charges of Different Shapes", by Channing
L. Adams, James N. Sarmousakis, and Jessph Sperrazza, Januery 1949,

Ballistic Research Laberatories Report Fo. 336, "An Improved
Mothod for the Measurement of Blast from Bombs", by Thomas D. Carr,
Martin Schwarzschild, and Phil Weiss, April 1943,

Ballistio Research Laboratories Memorandum Roport No. 397, "in
Improved Tourmaline Air Blast Gage", by Thomes D. Carr and Mary
4. Dakinowski, October 1945, )

NDRC Report No. A-372 (OSRD Report Noe 6250), ™asign and Tac of
Tourmaline Gages for Plezoolectric Measurements of Air Blast",
Ly A. B. Arons and C. W, Tait, Merch 1946,

"Piezoeleciricity", by W, G. Cady, New York, 194§, pp. 228 and 508.

NDRC/Div. 2 Report No. A-318, "Theory of the Propagation of Shock
Waves from Explosive Sowrces in Air and Water™, by J. G. Kirlwouva
and S. R, Brinklsy, Jr., March 1945,

"The Atteanuation cof Spherical Shock Waves in Air", by Richard Ge
Stoner and Waltor Zlsalmey. Journal of Applied Fuysics, Vole. 19,
No. 7, pps 670-672, July 1948,
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