AD-AO16 773

SUSCEPTIBILITY OF THE M52A3B1 PRIMER TO IGNITION FROM
STATIC ELECTRICITY GENERATED BY A HUMAN SUBJECT

Charles T. Davey

Franklin Institute Research Laboratories
Philadelphia, Pennsylvania

September 1975

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE

Best Available Copy




SRy

__Imelassified

SECURITY CLALS;"ITATION OF

HIS PRCE (Whan Jate Faters

R R D T A B rxg«z*’:«wgw BRI TP L L SRR SR e T

REPORT DUCUMENTATION PAGE

READ INSTRU  “IONS
BEFORE COMPLE LING FORY

‘47 AUTHOR(a)

& TITLE (are Subiitic)

Susceptibility of the M52A3B1 Primer to
Ignition From Static Electricity Generaced
by & Human Subject

PORT NUMBER 3. GOVY ACCESS&O" ROJ 3. RECIPIERY'S TATALOG NUNBER Ki
[V REPORY NUNBES 2
F-C3967 2

3. TYPEZ OF REPORT & PERIOD COVEREDR
Technical Report/

6 FEERFORMING ORG, REPOKT NUMBER

Charles 1. Davey

V5. TCOMTRAGT GR OHANT NUMBER() Y

DaAA25-75-C0LT5

,‘ 9. PERFORMING ORGANIZATION NFAME AND ADORESS

WORK UNIT HUMBERY ©

T T T -
P‘»QOG A CLEMENT. FROJLET, T8k - 0 -

o A
SR

33

e

The Frankiin Irstitute Research Labs’atcries,
The Benjamia Franklin Parkway, Fl.ila,, PA
19101

cHS 4110, 16,0285, 7,01
Proj. No. F658212

112, REPONT DATE .

ok, CGN\'ROLi,!Nﬁ OFHICE NANE AND ADORTSS
Frankford Arsenal

3 ATTN: SARFA-MDP-Y &  _ - W uw;m ¥ PAGES ——

M —eﬂﬂ-—-—w , w

- A[‘ MOKETO ING AGE“ v NME s AﬂGREoS(“ lﬂlfmt lﬂ. wamag Olicy) [E8 %&U#f\' CL“SS. fay ixia MM\) . g@
m{coxa o : L )
= Un013951fied ¥

} 3, E“c’z.'a' SEIFCATION. GONNCRAD NG Aj

WEDL E 5“{
_ . , cON/A R
E‘ 18. OIQ"I ﬂ!DUY'ONVSTAYEH.NE T-(of thig Répset) .- o B JA T i S A oo :,%_

»

Approved for public relésse: distrlbutien unlimita& B’
- . . .f(': .

: :
k B . -

. 17. DJQTQISUTGON W-A?K“ENT (ﬂf lf 3. I&lwct M(ﬂad In ﬂlack 304 &t ﬂ!!dml% RW) -"F_&

i STAYE 3

‘ ’ i

B,

2o

"J70. SUPPLEMENTARY NOTES

RS S e

F19. KEY WORDS (Continue on raverie -lﬁo it necessary and idsnilly by bluck autber)

: s ¥
| Primers Capacitance _Circuitry Static Energy | R 5
1 Static sensitivity Electrostatics Human resistance Transfer B %
Static electricity Electronic test = Human circuits g '
-Aretic clothing ‘ equipment Threshold voltages

- 4§30, &HSTHACT (Comlnuo on tavoeree alde 1 necesrery ant identlty by Mack number)

_ * Three lots of primers with resistances of 30,000, 300,000 and approxis
mately 3,000,000 ohms were evaluated for sensitivity from circuits that
were synthesized from measurements on small, medium and large human
subjects dressed in cold-weather and Arctie army uniforms. Subjeets

were charged to & known voltage and then dxscharbed into simuiators for
each of the three primer lots. L

. ',!. .
;
i

/

1473 Unnlassified

SD 7 ORK
1 T
' i BECURITY CLASSTFICATION OF THIS PAGE (Mien Dare Enters)

COITIOR OF 1 OV 65 15 DUSOLETY




4

3
*
.
)

LA,

= , .

;’i‘,\ SECUXITY CLEC&INCA"IO@ OF TS PAGTWRes Date Evitems) L
e
§ Subject capacitance sveraged 50 picefarads for the uniform used at ﬁ "
R4 : bt 4

- +40°F snd 13 picofarads for the 0° and -40°F uniform. Voltages of over T
6600 volts were easily produced by subject motion in uniforms, : ,E N

e
R

o

Bt

Threshold tests were made by exposing primers to the human equivalent
civeutt charged to voltages around the threshold voltage predicted from

the Bruceton Semsitivity tests. Threshold voltages were determined by i
exposing primers to & voltage until one "fire" occurred. At that event C
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+40°F and 13 picofarads . . .

2) Page 1-1, paragraph 1, line 7
« o « good insulators or machinery . , .

3) Page 4-1, paragraph 1, line 6
. + o First trials at firing resulted

4) - Page 4-1, last paragraph, line 1
. » » in Brucetos Fashion, 3 i.e., using
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by 200 voles, . . .

6) Page 4-4
Table 4-2 Threshold* Voltages For Primers
Threshold Voltage (Volts)
Lot/Temp. °F. 40 0 -40
ES 1 700 3400 3200
ES 2 1500 2600 2600
ES 3 700 2400 2200

* Highest voltage for which 50 exposures resulted in no fires.

7) Page 5-3
Figure 5-2, Waveforms on Normally Insulated Primer Simulator

8) Page 6-2, paragraph 2, line 3 |
done inside a chswber of about 20 cubic feet.,

*

|
$) Page 6-4, Conclusion No, 5 '
* Bruceton or step type testing ., . .
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FOREWORD

This work was started with the intent of completing all requirecd
work detailed in the program description. It was not possible, within
the funds available, to complete this program to the extent desired.
Limitations were experienced in physical parameters, particularly in
the very low capacitance of human subjects in Arctic uniform (13 pico-
farads) and the attending problems of leakage resistance, ambient
humidity and circuit geometry. All of these become important under the
—. extremely small subject capacitance. The work completed is still, we

feel, important to all aspects of humans working In an Arctic environ-
ment where electrostatic energy is a factor. Detailed measurement of
energy delivery under these conditions are probable unique at the
present state-of-the-art.
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ABSTRACT

Three lots of primers with resistances of 30,000, 300,000 and approxi-
mately 3,000,000 ohms were evaluated for sensitivity from circuits that
were synthesized from measurements on small, medium and large human
subjects dressed in cold-weather and Arctic army uniforms. Subjects
were charged to a known voltage and then discharged into simulators for
each of the three primer lots.

Subject capacitance averaged 50 picofarads for the uniform used at
+ F40° and 13 picofarads for the 0° and ~40°F uniform. Voltages of over
6000 volts were easily produced by subject motion in uniforms.

Threshold tewu*s were made by exposing primers to the human equivalent
circuit charged to vi.'rages around the threshold voltage predicted from
the Bruceton Seasitivity .=sts. Threshold voltages were determined by’
exposing primers to a voltage until one "fire" occurred. At thag event
the voltage was reduced by 200 volts and exposures began once more.

Fifty exposures without g fire constituted establishment of threshold

for that primer lot, temperature and equivalent circuit. Lowest thres-
hold voltage was 700 volts. This same level was evaluated at 40°F for
lots ES] and ES3 where subject capacitance was largest (50 pilcofarads).

Results of exposure of a primer-like gap from human discharpe
indicated a limit somewhere between 4000 and &000 volts. 1Initial voltage
of 4000 volts allowed passage of energy into the primer simulator. At
6000 volts, very little energy was perceptible on the load side of the
primer simulator gap. '

From these data there appears to be an overlap in the stimulus that
can be delivered from humans in Arctic uniform and the response of
M52A3B1 electric primers. Enough energy can be built up and delivered
to reach and exceed the threshold level for the primers.

Efforts were made to minimize logses in the system during primer
gensitivity evaluation and these results may well reflect a "worst case"
conditions,

Recoumendations include:

(1) Completing Energy transfer tests on.primer elerctrodes.

itd
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(2) Running future test with equipment and personnel in
environmental chamber large enough to house all equipment.

(3) Making transfer measurements with the primers themselves
in the circuit,
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1. IRTRODUCTION

1.1 GENERAL

Electrostaric snergy kas been both a curiosity and a curse. A
curiosity at Tirst s'nco the word electrn: comes from the Greek for
amber. Zven in sncient times static electricity was kﬁewn.(l)* The
ancients did not have the ewxpl.sive receptors for static electricity
that we h: -2 . day - pasolins, dusts, hign and low explosives including
propellants and primers. Neither did the ancients have synthetié
fabrics and good insulators or michinery to produce statiec in larger

quantities.
In medern society all of these are availaple, and as a result,
static electricity has become a curse in some instances - when conditions

brought together good generators and receptive materials.

Personnel at Frankford Arsenal have been justly concerned with
possible interactions of electvic cannon primers with personnel dressed
in arctic uniform.(z) The uniforms are mainly of synthetic material,

the arctic climate is dry and the primer is apparently questionably sen-
sitive to static electricity.

Electric primers offer some advantages over percussion or stab
primeré including the ability to synchironize events with an electrical
impulse. Eliminating the electric primer is therefore not a feasible
‘'solution to the potentlal problem.

With these considerations in mind, the experimental program described

in this report was begun.

wPleass refer to bibliography at the end of this veport for numbered
referances.

1-1

B

¢

e

3k

s e LA 1

Wi

Ayt Tt e [ ) Bt Gt B
F el LG HEER e pne

oot

e aiAb

el s

Nl e L

2L N T et by Aud il v

RETI

S et L 0i

RS

B HIRRN L3

TN Sy P

35
4
kL
5
N

i




F-C3967

1.2 PROGRAM DESCRIPTION
1.2.1 General

Program requirements are detailed in Appendix A.

1.2.2 Study 1 - Stored Charge and Charge Delivery

The object of this study was to determine the amount of charge on

a8 human subject which could effectively be delivered to a primer simulator.
1.2.3 Study 2 - Determination of the Amount of Energy on a Capacitor
Which can b2 tffectively Delivered to a Primer Simulator

The object of this study was to determine the electrical circuit
representative of a human being, and to determine the electrical energy

that could be delivered to a primer sfiirulator from that circuit,
1.2.4 Determination of Average Firing Voltage and Threshold Firing
Voltage for a Cased Primer

Using equivalent human circuits, determine the mean, distribution

and threshold voltages to fire the primer.

1.2.5 Energy Delivered to a Primer Under Simulated Field Conditions

Determine if a human can deliver energy to a primer under simulated

field conditions and how much.

1.3 INSTRUMENTATION

Three simulators were to be developed having input resistances of
30,000, 300,000 and 1,000,000 ohms. This gsimulator was to be used to

measure the charge transferred.

Three temperature conditions +40° (30Z RH), 0° and -40° and three

subjects were to be used.

1-2
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2. DETERMINATION OF STORED CHARGE ON A HUMAN SUBJECT THAT CAN EFFECTIVELY

BE DELIVERED TO A PRIMER SIMULATOR
2.1 PRIMER SIMULATOR GEVELOPMENT
2.1.1 Vacuum Thermocouples (VT)

Vacwum thermocouples are made of a wire heater elemeat to which
a thermorouple is attached and the two elements are enclosed in an
evacuated envelope (Figure 2-1), These were used at the base of a
much larger r~sistance (Rl) comnected in series with the heater slement,
Exp- riments proved :hat the elementc could not be used at lower charges

(less than 1500 volts) on rapacitors of 500 picofarad.

The advantajes afforded by these devices is that a single meter
reading from an electrunic microvolt ammcrer gives a measure cof the

(3)

energy delivered to the tl.ermocouple.

2.1.2 Thermistors

Theruistoras operace in 4 manner similar to that ¢f vhe vacuum
thermuocouple. Heat “nput from an electrical p.lse is integrated,

bringimg about a change in rosistance.

The advantage of the thermistor over the VT rests in the m ch
darger reeistances available, Thinking was that a much larger share
of the supplied energy wou'd be converted into measurable heat. Diffi-
culties arose in aliowing resistance measuring instruments to vemain
on the thermocouple during high-voltage pulse applicatios. and slso in
the overload of the initial pulse. Many thermi-tors were burned out

in the process of testing, mainly becausc of the small gize resuiting

frow sensitivity needs. After r~casiderable effort in attempting to make

either thermal syster operate with limited succoess, we abaundoned each

of these in favor of direct photography of cscilloscope traces.

Py
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Figure 2-1. Vacuum Thermocouple "ERG Meter"
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2.1.3 Osciliography

With short pulses and fast rise times used in this work and with
the distributed circuits involved, much effort was expended in developing
a8 gimulator circuit that would allow viewing of the pulse with some
fidelity.

The circuits ultimately used are of the type illustrated in Figure
2-2 which shows the form of the simulator along with the method of

connection to the oscilloscope. .

2.1.4 Description of Simulators

The oscillography and the simulators are so closely related that it
is difficult to separate them. They are one measuring system. The
appearance of the simulator is that shown in the photograph of Figure
2-3. The simulator was comstructed so that a return to case was made
through the oscilloscope lead which was terminated in a 50-ohm termina-
tion at the oscilloscope input. Three simulators were similarly
constructed with appropriate resistors in series to give a total resis-

tance of 30K, 300K and 1 Mohm.

The simulators were subjected to a rectangular voltage pulse in
order to check response of the system. The pulse was generated by

(4)

discharging a 50-ohm transmission line. The pulse was formed across

a 50-ohm resistor in shunt with the f{nput of the simulator. Output

was monitored on the oscilloscope at both top and bottom of the simulator
network, Differences in pulses at the top and bottom of the network
were indistinguishable in shape. As a result of this test on all three
simulators, it was assumed that fidelity was reasonable and that the
signal at the oscilloscope truly represented the voltage and current
through the simulator network., This assumption, backed by experiment,
allows calculation of energy based on a single waveform taken at the

oscilloscope. There 1s no need to measure both voltage and current.

2-3
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2.2 TESTING PROCEDURES
2.2.1 Uniforms

Uniform choice was made in cooperation with the Project Officer.

Table 2-1 lists the clothing used. Two sets were required, one for +40°

and another for 0° and ~40°. Figure 2-4 shows medium and large sub-
jects, in the heavier clothing. The shed clothing is stccked in fronat
of the subjects. Figure 2-5 shows the small subject in lighter
clothing.

2.2.2 Testing at 40°F, 30% RH

Human testing was begun at FIRL in a conditioned room. Operation

at 40°F was at the lower limit of the room.

Problems with equipment were worked out here to avold the complica-
tions which would arise from the same problems in outside facilities

while making tests at O0°F and -40°F.

2.2.3 Testing at 0° and ~40°F

Subjects required working room, Original plans were to do this
testing at Temple University, however the facilities did not provide
for tests at O°F and -40°F, For this reason tests were carried out at

Frankf{ord Arsenal.

All other testing was carried out In a Murphy and Miller environ~.

mental chamber at The Franklin Institute.

2.2.4 Results of Human Testings

Three human gubjects werce used throughout all testing. Oscillograms
exemplifiec fn Figure 2-6 were made of each test condition. At least
five to ten shots were wade of each test condition on a single piece
of polaroid film, The traces were then averaged and the average trace
analyzed on a1 step by ctep basils by computing the energy in parcalé.of
tiwe. These energy varcels were added to give the total encrgy delivered

fo the simulator. FEesults are tabulated in Table 2-2., There is no

2-6
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Table 2-1. Uniform Descriptions

UNIFORM 1 FOR 40°F

Clothing Descriptions Army Designation Number

Undershirt Men's: Cotton 0G 109 8420-782-67C9
6710
6711

Underdrawers Men's Cotton 0G 8420-782-6406
6407
6408

Drawers, cold weather, 50 cotton, 50 woll 8415-904-5120
5121
5122

Undershirt Men's, 50 cotton, 50 wool 8415-004-5136
5137
5135

Shirt Flyers; Men's HTRN 8415-935-4895
4898
4901

Trousers Flyers; Men's HTRN 8415-935-4882
4885
L888

Socks Men's, 25 cotton, 75 wool 8440-153-6718
6719

Boots combat, leather, OMS 10-1/2H 8430-782-3104
3109

Jacket Flyers, inter. wt. MA-I] 8415-818-7352
7353
9133

Cap, cold weather, 107 8415-782-2918
2919
2920

Gloves, Flyers, GS/FRP-! 8415-935-6329
633!




Table 2-1,
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Uniform Descriptions (Cont'd.)

UNIFORM 2 FOR 0°F & -4Q°F

Clothing Descriptions

Army Designation Number

Undershirt Men's: Cotton 0G 109
Underdrawers Man's Cotton 0G
Undershiret Men's, 50 cotton, SOVwocj

‘ Orawers, cold weather, 50 cottQA. 50 waol
Shirt Flyars; ﬁgn's HYRN

Trousers Flyers; Hen's HTRN

Socks, #en’s, 25 cotton, 75 woal

Trousers, Ext., ¢cid weather Lin Ny |}
Liser. cold weather trousers §.2.2 Ny !
Coat, cold weather Cin Ry |

Liner,cold weather coat 6.202 Ny

8420-~782~6702
6710
6711

8420~ 782-6406
6407
6408

8415-904-5136
5137
5138

8415-904-5120
5121
5122

8415-935-4895
7 L83k
k401

8415-935-4882
4885
4BHB

- BhEO-152-6718
: 6719
8415-782-2950

" 2954
8515-265-0367

8415-261-6859
£854

6857

§415~782-293%
2932
3943
8415~ 782~ 2887
2888
2885
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Table 2-1. Uniform Descriptions (Cont.d.)

Trousers, Flyers, Nylon, Heavywt, 8415-269-0521
0523

8415-266-9890

Parka, Ext. cold weather §415-223~7624
8415-782-3218

3219

Liner, Ext. c¢old weather, Nylon B4i5-240-2462
2466

2461

Hood, Ext. cold weather w/fur cuff _ 8415-266-7750
-Cap, cold weather ctn-nylon 8415-762-2518
29i9

2920

Ritten set arctic, gauntletr = , B415-268-7690
7693

Hitten insert wool & aylon 0C v 8415-160-0759
: 1376

Boats extreme cold weather ' , BL30-665-5549
' 85835

§563

Mask extreme (oid weather _ §416~243-9555

o
i
w9
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1-02-100-5-30-20-5

i
1
i

5 microseconds/cm

20 mitlivolts/cm (at oscilloscope)
1600 Voltis Pesk at Simulator Input
1 Moyohm Sinmulavor

Figure 2-6. Typical Diccharge Trace from Human Subject Initially Charged
to 3,000 Volts.
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Table 2-2. Energy Delivered to Simulators by Human Subjects

Subject/Envi ronment

Uniform

Smali/40°F
dnivorm 1

Medium/4Q°F
Uniform |}

Large/h0°F
Uniform |

Smal1/0°F
Uniform 2

Hedium/0°f
Uniform 2

Large/0°F
Uniform 2

Small/-40°F
Uniform 2

(Ergs)
Test Voltage
{Volts)

500 15060 3000 4500 600D
16 266 1540 3420 5660
5k 275 1360 318 480

9 353 1050 2570 S3h9
i8 427 1730 3800 6820
& 294 2070 3560 9040

5i 480 1240 3290 604D

33 539 2330 5320 12100

24 k50 1730 4140 7210

20 550 1190 2660 5860
3 56 251 841 148¢
2 30 160 615 1060

47 252 673 1200

3 70 269 660 1140
7 29 154 442 914

3 131 490 920

8 38 177 356 8ay
! 2L b2 360 967
1 38 168 438 779
2 80 261 681 1950

52 257 602 1210
39 180 831 1390
2-13

Slmuiator Resistance
(k ohms)

30

300
1000

30
300
10060

30
300
1000

300
1000

30
300
1000

30
300
1000

30
300
1000
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Table 2-2. Energy Deiivered(to SimuTators by Human Subjects (Cont'd.)
Ergs)

Subject/Environment Test Voltage (k volts) Simulator Resistance
Uniform {k ohms)
500 '500 3000 4500 6000

§ . Medium/~40°F
> ' Uniform 2 3 83 344 681 1010 30
2 24 281 608 1390 300
15 202 535 230 1000
Large/~40°F
Uniform 2 2 82 263 632 880 30
2 38 172 512 984 300

] 23 183 433 813 1000
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question that substantion amounts of energy are being delivered to the

sinulators under these circumstances.

2.2.% Methods of Delivering Energy

One primary problem area was in providing a charge to the operator
and in delivering the energy thus stored to the primer. The subject

was to wear gloves according to the uniform specified.

An interesting and essential part of working with charged humans
arose while early tests were being made. Examination of the environ-
mental room rev~aled that no high-voltage power supply was present,

Just prior to this examination oscillograms were being taken with the
instruments outside the chamber. Inquiring how the subject was charged,
the method was revealed. He simply jumped on and off of the insulated
platform a few times while reading the potential on an electrostatic
voltmeter, This process produced body potentials higher than 6000
volts, the level necessary for testing. The possibility of charge
buildiag is thus demonstrated clearly.

The jumping process was slow and was soon replaced with a high
voltage power supply. A vacuum relay was first used to comnect the
subject to the simulators. The switch bounced a great deal and gave
waveforms that were not suitable for analysis. As a result, a hand held
tool or wand was used with more reasonable waveforms. The subject touched
an electrode with the wand (or probe) held in his hand teo charge himself.
The wand was then moved to an electrode connected to an electrostatic
meter. After recording the correct voltage the wand was transferved
through the air to the electrode of the primer simulator in approximately

three seconds.

The wand vas simply a 3-inch long handle, one inch in diemeter to
which was attached a 3/16-inch diameter shaft about 3 3/4 inches long.
The tool was wuch like a screw driver. 1t was constructed of stainless

steel.

2-15
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3. EQUIVALENT CIRCUIT FOR HUMANS
3.1 MATCHING CRITERIA

3.1.1 Capacitance

Capacitance was of importance in realizing an equivalent circuit.
For this reason a series of measurements were made during tests at
various conditions of temperature for each of the three subjects. Results
are shown in Table 3-1, Generally the capacitance values reflect the
uniform that was used. Gloves and fcotware appear to have the most

vivid effects.

All measurements were made with the wand (or tool) in the subject’s
hand. The wand was connected to a Tektronix LC meter which was used

to determine capacitance.

3.1.2 Resistance

Several ways of determining resistance were tried as evidenced by
the data in Table 3-2. Energy transfer, peak voltage and iC time were
all tried in an effort to arrive at proper series registance equivalent,

the aim being to achieve the equivalent circuits of the human operators.

Series resistance, in every way It was computed, chauged with load
resistance; the higher the load resistance, the higher the series resis-
tance. Figure 3-1 shows the results of these calculations. Appendix B

discusses the method of calculation and shows detailed resulrs.

3.1.3 Experimental Results

A circult was set uwp to compare human egulvalent cireuits with those
obtained experimentally. The objective was to begir with the pessured
capscitance, and then to add necessayry series resistance to duplicdate
the human eireuit. A 50 plecofarad capacitance was used for the human

equivalent of uniform 1 and a 20 plcofavad capacitor for uniform 2.

3-1
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Table 3-1. Capacitance Measurements on Human Subjects

Capacitance (picofarads)

Temperature - °F Subject Reading 1 2 3 Average
40 Small I3 15} 13 T T
Medium 55 56 -- 56
Large 50 43 45 46 ;
0 Smail 22 W .- 18
Medium ~- 15 -- 15
Large 11 15 -- 13
-4o Small 14 T4
Medium 15 15
Large 16 16

Notes: Measurements made with Tektronix LC Heter,
ATl measurements were made with subjiect in gloves.
Gloves were larger and thicker at 0 and ~40 than at 40.
Test tool was in subjects hard during measurements,
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Several tests showed that the series resistance observed in human testing
was the resgult of switching; and since the human testing and the equivalent
circuit involved a switching action this resistance was already present

in the circuit. A reasonable match was obtalned directly, without the

need for additional series resistance. Conditions of the match are indi-
cated in Table 3-3, As a result of these findings, only the capacitors
were ugsed as equivalents. Further checks were made on all three simulators

in the environmental chamber.

3-5
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Table 3-3. Matching Data

Human Energy Transfer vs. Capacitor Energy Transfer

PN R RN i AN B A 4 i Tk L et i

Energy Transfer
{Ergs)
Simulator Human Subject Capacitor

30K 2050 1870
300K 1720 1750
™ 1450 1160

30K 261 390
300K 194 290
Il 185 | 233

Note: doth subject and capacitor capacitance was the same at 40°, .50 pf.
At 0 and -40°F, subject was 13 Pf and capacity 20pF.
Matching was done under ambient, room conditions,
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4. DETERMINATION OF AVERAGE FIRING VOLIAGE AND THRESHOLD VOLTAGE

4.1 DETAILED TEST METHODS

All primer lots were randomly sampled using a table of random numbers.
Testing was performed in a small test chamber. A firing fixture was
used to hold the 20mm cartridge cases. Connection to fhé primer was
made via a small coaxfal connector that was designed and built specifically
for this purpose. The problem was to provide adequate insulation and
strength tc test a number of primers. First trails at firing resulted
in interface problems at the connection point. 1t was apparent that

arcing and losses were occurring at voltages as low as 3000 volts.

The origin of the problem was either the connector or the cased primer
itself. To avert the problem, a spot of sfilicon grease was placed
on each primer covering the button and insulation prior to conditioning
the primer lot. The logic in doing this was to determine a worst-case
condition for the primer. Not to apply the grease was to invite very
erratic performance and to gather little or no performance data. Even

with these precautions some lots behaved badly with Bruceton type testing.

Threshold tests were made with the primed cases treated in the same
manner. Figure 4-1 shows the firing switch that was used. The handle
was actuated to the charge position and then released to allow the

"capacitor” sphere to drop unto the "primer" sphere.

4.2 BRUCETON TESTS
(5)

Each of nine tests was fired in Bruceton ashion, f.e., using
step tests with data concentrated about the mean. Results of these tests
are summarized in Table 4-1. Each individual Bruceton teat is presented

in Appendix C.
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FROM POWER

RESISTOR
v SUPPLY /

/—METAL SPHERES

/
—— PLEXIGLAS PANEL

TO PRIMER
UNDER TEST

d N

[_To CAPACITOR \_ HANDLE \‘ PIVOT

Figure 4-1. Spherical Electrode Firing Switch
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Actual execution of the tests was difticult. The main problem was

with "of f-set" during the progress of the Bruceton.

In several instances the number of firing levels exceeded those
(6)

permissible for analysis. In two cases a Probit Analysis was used

to compute the means (Lot ES2 at 0° and --40°) when excessive levels were
encountered.

The wide variations in log standard deviation (Table 4-1) demonstrate
wide lot-to-lot variations. Generally the standard deviations were
larger under colder conditions. Predicted voltages for 0.1, 1, 10, 90,
99 and 99.9% functioning probabilities based on a normal model are listed
ifn the table for 90 and 957 confidence intervals, InterpretationAof these
data must be done cautiously since this working capacitance is extremely
small and factors contributing to firing, including lossés, are not
well understood or controlled. These dispersion data were used to estimate
the levels for the threshold voltage test that follow.

4.3 THRESHOLD TESTS
Threshold testing was accomplished by exposure of a number of items
At one level until a "fire" occurred at which time the level was decreased
¥ 200 bolts. When 50 "no-fires" were found at one level testing was

terminated. Table 4-2 shows threshold levels established., Complete

test results are given in Table 4-13.

Table 4-2. Ihreshold* Voltages for Primers

Temp. “F Threghold Voltage (Volts)
Lot Lo ' 0 -40
ES ! 700 3400 3200
£S 2 1500 260C 2400
ES 3 700 2L00 2200

“Highest voltage for which 50 exposures resulted in no fires,
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Table 4-3. Threshold Test Results
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Toep-F -40 0 0
3] !‘6—3{? ﬂm Exposures !%(‘n'—f:;- Fires Exposures !%“»?;3 Fires Exposures
00 0 - 50
3200 0 50 " 900 1 )
00 1 & 00 u 50 1100 1 10
3600 1 ? 3600 1 8 1300 1 %
3800 ! s 1500 1 8
1700 - 7
1900 B )
2100 ) 0
: 2500 3 )
€52, , L
2400 0 80 - 2600 0 50 1500 0 50
. 2600 1 23 2800 1 27 1700 ' 15
2300 1 16 | 00 1 5 1900 1 10
060 ! €
’ ; 1200 ' u
300 1 19
3600 1 #
: 3800 t 3!
4000 1‘ “' »
4200 | 3 ,
2400 1 1”7
4600 ' s
2800 ) 2
5030 i [
£s3 2200 ) 50 C 600 o 50 200 o %0
2400 ] 20 2600 . “ 200 1 P,
‘ 2030 ; 24 800 1 5 Moo 1 n
2800 ' e 3000 1 5 1300 ) s
3090 ! %) 1500 1 s
600 | 20 170 1 s
4900 1 s 1900 1 10
200 \ s
2300 ) Y
’ 2500 1
#1100 ) 1)
2000 H
nno )

43




LR e e

F-C3967

These tests were hampered by conditions outside the chamber. Hand
holes were needed to reload each of the 20mm cases and to activate the
switches. These openings resulted in some creation of "snow" inside

the chamber when ambient conditlions were moist.

4.4  SUMMARY

The threshold voltages in Table 4~2 are the result of experiments
at or near the threshold. Comparison of these threshold values with
predictions derived from the Bruceton reveals that eitner or both of

these data sets are highly questionable.

Physical reasoning shows numerous critical conditions all of whicn

result from the use of small firing capacitors (50 and 20 picofarads):

(1) Any small changes in shunt capacitance on the load side of
the switch.

(2) Leakage resistance from the switch pole to ground.

(3) Leakage resistance shunting the primer.

While in each experiment efforts were made to keep conditions as

specified, apparently some conditions are not under control.
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5. RESULTS OF ARC GAP TESTS

5.1 SIMULATOR FITTED WITH ARC GAP

The primer simulators were comstructed with a central elecirode
which protruded approximately 1/2 inch beyond the end of the cartridge
case (see Figare 5-1). This electrode was well insulated from the case
by a ragﬁér substantial teflon sleeve, While this configuration facili-
tated testing, it differed significantly from the actual primer, in
which the central electrode is insultated by a 0.020 thick polyvinyl

chloride washer.

To better duplicate this condition the simulator was fitted with a
metal cap which contacted the cartridge case and was insulated from the
central electrode by a 0.015-inch thick sleeve of teflon. This cap
was placed on the one megohm simulator and tested at O°F using the small

3ize subject,

At 6000 volts the scope was triggered but there was no deflection
of the trace as is evident in Figure 5-2. An arc was observed across

the teflon insulator.

At 4000 and 2800 volts discharge traces were recorded as can be

observed in Figure 5-2 middle and bottom traces.

Energy computations were made on the 4000-volt and 2800-volt wave-
forms of Figure 5-2. With ar initial charge of 4000 volts, the energy
delivered to the simulator through the arc-cup was 348 ergs. This
energy rvepresents approximately 33% of the energy igitially stored on the
subject computed by 1/2 CV2 (1/2 x 13 x 10—12 X 4000 = 1040 ergs).

At 2800 volts, similar computations givc an energy of about 190
ergs and an efficiency of 37%. Efficiency at the lower voltage (37%)
was higher than the efficiency for the higher voltage (33%). These

comparisons may be significant because this trend goes counter te the
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Figure 5-1, Electrede Configuration of Primer Simulater
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one where the are-cup is not used, as may be seen in Table 6-2 where

efficiencies always increase with increasing initial voltage.

A further comparision was made in this manner. The data from Table
2-2 (small/0°F/1000 kilchms) were plotted on log-log paper and 3
straight line was obtained whose equation is log'E = ~6,164 +2.459 log V.
The energles transferred at 4000 and 2800 volts were determined to be
493 and 205 ergs, It is seen thz. there is a considerable difference
in the amount of energy transferred at the higher voltage when the primer
simulator is electrically connected te the source compared to when the suject
approaches the primer simulator. At the lower voltage the amount of

energy transferred is similar with and without the arc gap.
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6. DISCUSSION OF RESULTS, CONCLUSIONS AND RECOMMENDATIONS

6.1 DISCUSSION OF RESULTS

Behavior of the primer and the equipment used to evaluate its
sensitivity was not expected to be tightly controlled; it wasn't. It

was nore manageable than was originally anticipated.

Human capacitance values are normally considered to be around 300

N

to 500 picofarads with normal clothing. Arctic military uniforms
fincluding gloves reduce the value of capacitance to 13 picofarads for
the uniforms used under extreme cold conditions (Uniform 2). The inter-
mediate uniform produces a capacitance of about 50 picofarads. Both

measurements were made with the subject holding a "tool" in his hand.

A simple series resistance network with a 50-ohm line and termination
at the base of the network proved best for simulation. Checks on this
network in the sub-microsecond tire revealed that the oscilloscope
reproduced input waveforms within the range of voltage magnitude used
for eacitation in tests. This method of determining transfer of voltage,

current and energy is acceptable.

Waveforms taken from charged human subjects were analyzed by inte-
gration to give the energy delivered to the simulators. Switching of
the subject was tried by use of vacuum relays. These were unsatisfactory
because of bounces that occurred during the span of the discharge wave-
form. Better results were achieved using the stem of the hand-held too!l
to charge the subject from a preset power supply and to discharge the

subject with the simulator.

Examination of the resistance properties of the subjects during
discharge showed that these values were not constant with varying load.
The apparent series resistance increased and decreased directly with

load resistance. First thoughts were that simulation of the human
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circuit would be difficult; however a few experiments showed that the
resistance was not some value lumped in the human, but rather mainly
the result of the switching contacts on the tool used in human transfer
and the double-ball switch used in firing primers from human simulated

circuits.

Firing tests were problematical in some instances. Selection of
the interval between excitation levels is important to achieve good
results in any step type teét. Too wide an . interval results in successive
fires and misfires. Too narrow an interval results in huge runs of
fires or misfires. About five to seven levels is a desirable compromise
which at times, were achieved. Many tests had to be restarted after

running into a long "shift" in levels.

It was not possible to isolate the exact cause of these runs. Some
thoughts ar~ that the outside humidity affected results. Firings were
done inside a chamber of about 20 cubit feet. Access to the chamber
was needed to change cases and fire them. As a result of this procedure,

frost formed on the inside of the chamber.

Despite prnblems, we believe that these results represent the first
step type tests that were made from circuits representing humans.
Standard deviations indicate that lot ES1 was best behaved. The lowest
value of sténdard deviates was achieved in lot ES1 at +40°F. Others

were normalized using this value as one with results shown in Table 6-1.

Table 6-1. Normalized Standard Deviations

Ave by
Lot

Lot/Temp. °F Lo 0 - -hy
ESI 1.0 1.17 2.24 1.4y
ES2 3.21 3.62 8.67 5.17
ES3 1.11 5.20 7.09 4.47
Ave by
Temp 1.77 3.33 6.00

6-2
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Lot ES1, ES3, and ES2 are the best to worst behaved in the order
listed based on evaluation by standard deviation. It is also clear from
these results that behavior becomes less predictable as the cemperature
is lowered. Part of this we believe to be ambient conditions outside

the chamber used for sensitivity testing.

In terms of energy transfer, data listed in Table 6-2 are appro-

priate.

Table 6-2. tneray Transfer Efficiencies by Temperature and Initial Voltage

Temp. /Voltage 500 1500 3000 4500 6000
°F Volts

40 .48 .72 .70 .70 .85

0 .21 .25 .32 .41 A

-40 .14 .33 .43 47 .52

The vaiues listed are computed by dividing the average measured energy,
irrespective of load, at ecuach temperature by the energy (1/2 CVZ) on the
average capacitance of the subjects at that temperature. Two effects
are noticable from these data. (1) Efficiency increases with initial
voltage and (2) efficiency is generally lower at 0° than at either + or

-&40°F,

Threshold voltages {Table 4-2) lots ES 1 and ESVB were tnuch lower
than the predicted 0.1% point (Table 4-1), These differences are
suspected to be causad by conditions external to the chamber. Generally
lower humidities oulside the environmental chamber favor lower voltages
for firing the primer. Records of humidity outside the chamber were not
kept in the beginning; and as a result, there is no continuity of data on

which to base firm conclusions on the effects of ambient humidity.

The ability of persons uniform to generate charge was demanstrated
during these tests. Voltages in excess of 6000 volts were generated
on human subjects by physical activity alone. The synthetic clothing

is no doubt, one of the major contriburing factors in this charge build

up.
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Sensitivity (response) data and the ability of the human to generate
and deliver charges do overlap. There are several factors that most
probably prevent firing of these primers during use. Remember, the data
presented here are "worst case" in terms of sensitivity. Special
precautions had to be taken to prevent arcing in the area of the case
contact. Tests without these precautions showed arcing to occur some-
where between 4000 and 6000 volts and perhaps at lower values. Threshold
tests indicated that some fires could be expected when excitation was

as low as 700 volts.

6.2 CONCLUSIONS

¢ There is overlap in the driving force from electrically
charged humans and the response of the subject primer.

@ Human capacitance in cold weather army uniform averages
50 picofarads for the 40°F uniform and 13 picofarads
for sub-zerc arctic uniform.

¢ Seriles resistance in circuits comprised of the human,
switch and a load varies with the load resistance.

& ?Perscong in Arctic Uniform can easily generate potentials
in excess of 6000 volts.

e Bruceton or step type tsting around the wean does not
produce results which are compatible with threshold tests,
Reasouns are probably very low capacitance and varlable
electrical leakage in equipment in addition to the
primer's variability.

& Electrical tramsfer efficiency of humans iancreases with
increasing fnitvial voltage (48 wvo 85% going from 500
volts to 6000 volts at 40°F). Efficiency decreases as
temperature is lewered. '

6.3 RECOMMENDATIONS

® Auy further t ating should be carried out in large envivonmental
chambers or under 2ctual arctic conditions where boundry effects
can be kept to 2 sinimum.  Influence of the warmer and nore
humid environment arownd amall chambers appesrs to affect
results.
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® The presence of overlap in response and driving function under
worst case condition makes further examination of this problem
imperitive. At this point the reality of the overlap cannot
be fully assessed.
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SGOPE OF WORK

This technical scope of work prescribes the method of determining the sus-
ceptibility of the M52A3B1 primer to ignition from static electricity generated
by a human subject. The foliowing documents of the issue in effect on the date
of invitation for submission of proposals form a part of this technical scope
of work.

1. Dfaéings

T a. D7548066 - Dwg.Rev.H dtd 9/28/71-Primér, Electric, M52A3B1, Assembly
b. D7553815 - Rev., P dtd 5/24,72 - Case, Cortridge, 20mm, M103

2. Specification
a. MIL-P-1394D 6/26/67 and Amend. 1-2/27/70 - Primer, Electric, M52A3B1 )

SE R TS T

The contractor shall furnish such technical and supporting services, materials,.
equipment and documents as is essential to the attainment of the requirements
detailed in the following paragraphs.

The following four studies are to be conducted:

1. Determination of the amount of stored charge on a humzn subject
which can be effectively delivered tc a primer simulator

2, Determination of the amount of stored charge on a capacitor which
can be effectively delivered to & primer simulator

3. Determination of V and threshold voltage required to ignite a cased
M52A3Bl primer

4, Determination of the amount cf stored charge on a human subject which
can we delivered to a primer simulator uncer simulated field conditions

All four :tudies are to be conduvcted under the following emvironmental conditions:
+40"F. (30% relative Lumidity), 0°F. (no humidity requirement), and -40°F, (no _ i
humidity requirement)., For imfcrmational purposes the humidity should b~ measured !
and recorded at temperatures of 0° and -40°F., For those studies in which a human
subject is used, said subject is to be dressed in typical Army uniform for each
environmental ccndition evaluated. Initiaily the capacitances and resistances of
three subjects tc be used in these studies will be Jetermimed for each eaviron-
mental condition.. The experimental details on each study are given in the follow-
ing four paragraphs,

Study 1 -- Detrevmfnation of the amount of stored charge on a human subject :
which can be effectively deliverad to a primer simulator. The subject will be ;
charged to the test voltage while standing on an insulated platform. Next the :
subject will be disconrected from the voltage supply and connected to a device
assembled in 4 M103 case which simulates the primer, such as a resistor. The
energy delivered to the primer simulator will be measured. This test will b.
conducted on each of three human subjects using prrimer simulators haviang resistance
values of approximately 30,000 ohms, 300,000 ohms and 1,000,000 ohms. The subjects
wili be charged to each of the following voltages: 1) 500 wolts, 2) 1500 volts, ;
3) 3000 volts, 4) 4500 volts and 5) 6000 velts, Table 1 lists the tests to be ;
perforiied on each of the three human subjects, 4
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Study 2 -- Determination of the amor.at of stored charge on a capacitor which
can be effectively delivered to a primer simulator., From the capacitance and
resistance data obtained, select R-C circuits which represent the average human
sub ject for each environmental condition evaluated. Connect each appropriate R-C
circu?t to the voltage supply and charge the capacitor tn the test voltage. The
circuxt will then be disconnected from the voltage supply and connected to the
primer simulator fabricated in Study 1. The energy delivered to the primer simula-
tor'will be measured. The above test will be conducted using primer simulators
having resistance values of approximately 30,000 ohms, 300,000 ohms and 1,000,000
ohms. The capacitor in each R-C circuit will be charged to the following voltages:
1) 500 volts, 2) 1500 volts, 3) 3000 volts, 4) 4500 volts and 5) 60COD volts. Table 1
lists the tests to be performed using the R-C circuits which represent the average
human subject.

Study 3 -- Determination of V and threshold voltage required to ignite a cased
M52A3Bl primer. The capacitors in the R-C circuits, which represent the averzge
human subject for_each environmental condition evaluated, will be used to energize
the primer. The V voltage will be obtained by performing a 50 primer Bruceton
sensitivity test, The threshold voltage is defined as the smallest voltage at
which some of the primers are ignited. When determining threshold voltage the
applied voltage will be varied in small increments testing 50 primers per increment,
1t is suggested that the voltage increment be approximately 200 volts. The V and
threshold voltage will be determined on three lots of M52A3Bl primers assembled in
M103 cases. These primers will differ only in resistance level as fcllows: Lot
ES-1, 10000 to 50,000 ohms, Lot ES-2, 100,000 to 500,000 ohms and Lot ES-3, 800,000
to 1,200,000 ohms. Table 2 lists the test conditions for which the V and threshold
veltage are to_be obtained.Also determine the energy delivered to the primer at both the
threshold and V voltages.

Study &4 -- Determination of the amount of stored charge on a human subject which
can be delivered to a primer simulator under simulated field conditions. This
study is being conducted to determine if a M52A3B1 primer can be fired by a charged
hunan subject and/or charged implement carried by said subject under simulated
field conditions. This study will be performed by having the charged subject stand
on an insulated platform and approach the primer simulator, fabricated in study 1,
such that the subject's finger, mitten or implement carried by subject is extended
50 as tu touch the simulator. At least one implement chosen by the technical
supervisor will be evaluated. When the sutject is discharged the energy received
by the simulator will be measured. The subject will be charged to the following
voltages: 1) vV, 2) V + 37, and 3) that voltage where 100 percent of the primers
can reasonably be expected to fire if subject is electrically connected to the
primer. This study will be performed using primer simulators whose resistance
values are approxinately 30,000 ohms, 300, 000 ohms and 1,000,000 ohms. Only two
of the three human subjects from study 1 are to be used in this study. The subjects
shall be chosen such that their capacitances are at the extremes of those measured.
Table 3 lists the tests to be performed in this study.

The following safety precaution should be adhered to when conducting the
above tests, '

When conducting primer sensitivity tests the primed case should he
held in a fixture such that the primer output can be prevented from injuring
personnel in the areca, Caution also must be maintained against backing out of the
pidoor from the case aftor primer {nnftien {f the hase of the nrimer g not sunnorted,



P T ST oy

The government will provide the following materials to the contractor for

this procurement: 1) Eavironmental clothing for human test subjects and 2) Three
lots of primers required in study 3.

From the data obtained in the four studies the probability of ignition of the
M52A3B1 primer from a human subject is to be estimated when the subject is charged
to voltages of 800, 2400 and 4000 volts and 1) subject approaches cased primer
and 2) subject is electrically connected to the cased primer.

Progress
detailed test
final report.

wiil be reported {n monthly lettey reports which will contain all
data and all findings and recommerdations will be summarized in a




TABLE .

STUDIES 1 AND 2. MEASURE THE ENERGY DELIVERED TO THE PRIMER SIMUTATOR FUR
THESE TEST CONDITIONS WHEN THE ENVIRONMENT IS +:0°F AND
30% RELATIVE HUMIDITY,

Resistance of Primer Charge on Subject
Simulator or Capacitor
Kilohms Volts
30 500
2 30 1500
2 30 3000
L 30 : 4500
& 30 6000
5; 300 500
: 300 , 1500
i 360 3000
£ 3o 4500
300 6000
- 1000 500
' 1000 © 1500
1000 3000
1000 4500
1000 6000

Notes: 1. Above tests are to be repeated for following environmental con-
ditions: G7F. (no humidity requirement) and ~40°F, (no humidity
requirement).

2. For study 1 the above tests are to be performed on three human
subjects,

3. For study 2 the above tests are to be performed using the appropriate
R-C circult for each environment.

TABLE 2

STUDY 3. OBTAIN V AXD THRESHOLD VOLTACE FOR THESE TEST CONDITIONS USING
THE APPROPRIATE R-G CIRCUIT FOR EACH ENVIRONMENT

Primer Lot Resistance Level Environment
Kilobhms
ES-1 10-50 +40°F (30% relative humidity)
ES-2 100-500 +40°F (30% relative humidity)
ES-3 800-1200 . +40°F. (30% relative humidity)

Note: Above tects are to be repeated for the following envirvonment con-
ditions: OFF (no humidity requirement) and -40°F (no humidity
requirement)
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STUDY 4. HUASHEE TUE eNERY PELAVECED TO PEEOSET SITUTATOR FROM
. HUMASL SERJFC)T AND IMPLEYS LY DAL BY S0 iCyr I’Ol{“‘nl R

TEST CommaTIONS W THE FHVIRONHEAT 13 440°F AND 307,
RELACIVE Binrry

Regletance of ' © Charge on .
' Primer SUnulacor Gubject
Kilohot Volts
30 y
30 V4 Jo
30 ' 100% firing voltage ’
T 300 v
300 V ¢ Jo
300 ) ©100% firfug voltage
1000 y
© . 1000 ) V ¢+ 3o
1009 ) 1007 firing veltage

‘Notas; 1. Above tests ave tu be reopeated for the follewing cavirens
" meatsl conditions: QP (o hustdity requiremsut) and -4U°F

(no huaidity reaulvcrmcot)

4. Above tests are to be performed on tvo huwn suybjests

Reproduced lrom
bast available topy.
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METHOD B OF COMPUTING SERIES RES1STANCE
OF PERSONNEL DRESSED IN ARCTIC CLOTHING
DURING DISCHARGE

'!ii‘, FRANKLIN INSTITUTE RESEARCH LABORATORIE
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SERIES RESISTANCE COMPUTED BY THE THREE METHODS DESCRIBED EARLIER

30

300

1000

Resiscénce by Peak Voltage “ethod (K ohms)

: Energy Method Time Constant Method
i Simulator Subj. On Body To Load Series Tiwe Total Series
% Resistance (Exgs) (Ergs) Resis Const  Resis ‘Resis Temp
: (K ohms) (K ohms) (u sec) (K Ohms)(K ohms)  (oF)
: 30 S 1980 1540 8.57 1.5 34,09 41 40
g M 2520 1730 13.7 1.7 30,357 . 357 :
: L 2070 2330 ———— 2.1 45.7 15,7 ?
: . 300 S 1980 1360 136.8 13 295 ——
. i M 2520 2070 65.2 18,5 330 30.4
Ly ; L 2070 1730 59 17.4 378 78,3
j ’ 1000 S 1980 1050 886 44 1000 0
’ M 2520 1240 1032 52 929 ———
L 2070 1190 740 46 1000 0
30 s 630 251 45,2 .58 11.4 0
M 675 .869 28.8 .64 12,7
i L 675 177 84.1 . 54 6.0
i 300 S 630 160 881 5.4 85.7
; M 675 154 1010 6.4 126.7
* L 675 142 1122 4.4 e
1000 S 630 252 1500 17.5 - 250
M 675 131 4128 11 ' e
L 675 168 3016 14,5 o
. 30 S 630 201 42.3 .58 11,4 ~40
M 675 344 28.8 .64 12,7
L 720 203 a2 .56 5.0
300 S 630 257 435 6.0 129
M 675 281 419 6.2 113
L 720 172 §5.5 4.8 0
1000 § 630 -180 2500 23.5 679
M 675 202 2330 14.0 et
L 720 183 2920 13.5 ———— '

+40 90 ~40

e A RN i T AR oY L5 SRl ATl M AL S0 T

S 6.59 32,5 27.7
M 6.59 30.0 13.8
L s 41,4 32,5
S 105 450 15
M 65.9 518 100
L 94.7 450 414
s 389 876 1500
Mo 415 1239 974

L

501 1206 1083
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10<

S S ot Sk - A




ey

ES

RE

{

by FABems-. ¢ o

LE A1

FRANKLIN INSTITUTE RESEARCH LABORAT

w

f

| YHE

s
——

SENSIITIVITY TESTING FROM
EQUIVALENT HUMAM CIRCULTS

Appendix
1




| .. R - B R S By MR V- I
I - e i e v Ayl - - . / § .
\ 77 / - - : ) ® e v\\; 4 “rena: o, \lm‘% } a.&@ﬁ\e Nm\w\wﬂ. . ..m....uc MRAR w hm%
LT e D= L < - > “— - s -
% . b ALIQINAR awatl -2 Sron-101 -1 K34 ) ASNRODREA,  LSBL S0 BdAL CN 153412 e
P o
§s52a HE
e,um < 3 H
3 . A ar . ] m 7
- 2 AN s
P - [ /
7] » v —~ . 5 % w P o ) !
b o _ DL - o . -
(7] - "t - [~ - . ot § b
u o — pe M ey rA tul w H
= ) m > m e - \u.n. = bond m . : i
. -— 2l
% = v e (=4 5 EE oy e ;h .=
b4 P & < . e to. & a LM e m o o P =
al — re ~~ Q o > 72 . . m
[= — oy ~ . Gu oy e . e m i
. e 1 8 8 e % -~ « .r ]
- 1] t >~ ) -+ - R L - 4 e o w
nﬂ » .N — o m - hd - = DM n ” L m L I EP I &
NEEEE SEz [0 RS R T
rad @ 1 o wr = &L o FTow o w <z . ta .
22~ & < = v e o 3 B ! &
(7270 N WV, B W ] - + - P T BT A » 7 % ni [~}
DR B R A T AT 0w E o 27 o0 & &558 43 i I L o I8
e | o o3 .. ) © B - R4 g ook 2 Z .
n — . » wE X em - u1° . <
— ~— ~— ~N (2 et [ I ;. " = bt — A oz = & o
- ” l.ll - ‘lﬂ " ..\sc. E = \H.\- or.
- 2 " u a # 4 8w 3 2 Sz 8= I} ¢ 4 % 3 s ® » e
- pud d
Nl ] el s © %4 @ o «< I 2 E b e a2z 3 < 2 &E OB b [ 4 © Lo wu
<
L [=]
- ———r o e . —
N w31l ~lumie|wlo|n|@iaic|—iv|mielnlo ~ @ i NG m GG
_— - | — -_— - e o9 ...:”2.2«1.‘
. - SN T S S S

f}

‘0
30K
_

15153y

e e sy

i
i

t
e .._; PN

~ :
{ i
1 !
o { i Yo
E LTV S ! w b
19NRg |® ' i ‘o
| .
[ T
. e -4 IS S
2599 - ! e
=z peh b

i j
' MY S S S A SO .
AT

G, X0l X T}

{)
N
o
0
-

(

evels
(VR
I
~J
M
Q

S13373 X () | o P J : | CTI
= 2IET 0 wf. C L1 w... L T M -1 _ 4..2.M§L
21300 . S .S S S S
e oL - SERENEENEN
G q B e S o I S e Sl o S S S P g s
o « i i i b b b
P ﬁ uw i1 1.
i L A RN




Funchonmq Levels ()

jw MG o ~\1F

FUNCT,
TIMNE
ITEM NO.

R
= ESISTANCE

5 f
C

|
[1\ \,l\l (QV) 0 \F w0
t ‘f et 0~ secs

-
(") \Fs\l
o
"y

!
2
_— — g i e e pm e .1’. ——— e e - -J}_
BN N U0 O 0 O o B ) 16
R N N l___ ’-—.! |< i__ 5‘* . -
e : 25 '
BN O 0 O O > O T z
NS N E '

N.::

N, =

]
|
i
i
]
i
i
oot
i
- FER SR SR
P .
——
i
-

.. PR U SOnal- QS S S —
| P

- -,_{,._ R __1_-"_,<>< 4 e
‘ ! N I
MR IR 2L IR SRTEY . 4= B eme e i m et e o o - ——— e
i T O I { 12

SRS R SN S S NN A QN A0 S —_
U O - R s
IR, SN . 14
SRR S NN YO T e
U S B SV UL
S SR L U N R S e

; i |

117

H f
SR DU SRR </ S U B
TR T o]

[RPP AT Qi ST S S SO U S
O,

RS I S .Y

| Co
JRECRIURY SR SRV SO Sl SO SR,
L] (0 '2oJ
- ———»&—-n‘-—- S AR N B e e A
RIS T G XK =
Pl O | P | Lzzt
Bt R TN l—o C el emmg . PR P ‘—_T e e
o L--,'-.- - N 123
! 1 \/‘ ! i '741
I B /<. ;_-._. e L)
] N ~ ¥ ' ' |
L R T T T e
o oo K ) 27‘
- . e mme e g @ * [ i e S
: ' ! P ! 128
- LR R e e me e paem - L e B e aila
! ) ' i } ;29‘
B DR . b 129
AR | L '30.

.,._.....-__-_ -—

L

| |33‘c

S Y-S S S

[ [ 0

. -— — e e e gy R e 8 e @ ed e
L 7( NN

U QU ) SR D
! .

[PV SR S S S __.-

[
—

Special Parameters
(log L), ., =
(log L);,, - Uop ), = e

I

[g]
L]

a
L]

Primary Statistics
A=2Z1in
B=7Zilnp

= { NB-AT)N?
cc +d (AN -

R N ‘
1.62 d (A + 0.029)\}_—,—: ~ -

Sava

LOT NO.

I3 =
1 1

*Use ¢ for "o's;" - for "x's"

ITgw

**Valid for M 2 0.3 only, otherwise con- ’
sult 'Bruceton Neport' {AVP Neport No. !
101. 1R, "Statistical Analynia for A New
Procedure in Sensitivity Fxperimenta®
July, 1944) File No. Ma-1

For "o's"® For "x's"

A
B
M=

FREQUENCY
PUNSE WIDTH _
RES AATE

A B T A A | one
o= a
e g N — - -,_'_ 40 v
- N 1_,] ‘) Secondary Statistics g
Dy Lo 42 (RN
+ OT! 1| 4] m.NOMO’NlmI . g\,‘
- TR v 4a N, v N, -t
OD( B __: 43
! 46
. >.<'- = <7 NOEAE N:_._ . . 'y
. N U ‘:).S._- S S 48 No M NI g ‘:‘
i 4] l 49 -
. I Y-, NN SO S P :
..Q. —t _-W ' . %0 {»Antilog m» ‘3§
N N N U OO OO LU 2] Joare , . WNITIALS 2 MGT
e -.;-p No = / [ l:‘n »r >’. . .‘.L 'YS J




A 3 e - o S A TERA S L ‘., -
. A vy o3~ v U ’
: . , ﬂ..m.m R DN [ M\m\\ .\_
. : LTI A 3SING] e Te ety T | soe
ALICIANNH dw3al *ON 107 <« # "t W3l AONINO3BI| AS31 0 IdAs ‘C% 1%33 O”Mt
. \ ' prd
n 1 ~ c » — ©
- . © .. M
] . v o |
) 8 P - '
by [ -« o
[y - -] c P
. - e s -
~l. . [ v
7 | " P’ - o v 5 [ “x “
. b Q itz 1. o £ . ¥ voe
o - =4 o~z - o ot L] pey ("4
l_ - - — x © f5 wu X v -4
» [T (N 0 ;- . ] Lol od s - <
e “ 2 A - o - -~ O] - =
. “w| & 8w o e 5 X :tra ™I 4 = -
| z r_ 5 < o © & 5. &w= L . . Zz
r— « — pe) —~ C S o » 77 =
fo % haad n ~re . e o= cem . . - -—
‘ -~ C o CcC & & 0 > “
' . —_1 n ' > e = ST 'y b -
e : £ 23 s wSaiil £l © I e
w sn .m ...v ﬂ m ~— m - - N iy A L < ml_ = Al ~
! . 9] - - - << 2 xEcva = - = s |- &
I el o~ nrn. <~ o &8 € [} [ - |- -3
1 1773 S I N = ¢ < < b W & .“ Kl % ol o < ..
! olmiwljalc]lw i ¥ [ E o = & L 2888 o3 o o R z = <
_.l _ M — o~ ™ . ') © et e Z v < L = o
' '3 —_ . + v = < 3 nm . No - :-
[ ] < S wWwW o~ g2 BT = 24,
H i M 2 “ u . . . u o £ 2282 « ®w ® = 8 . . . >
. i - e -
mx.oml.o."345,6 = v <« & = EEt ° . 25&£43 < & % E b £ 5 s
[ — m
. 1 T T . T T SSN0 AR e SRR S A I S TN Y TN S H M
O8N W23l ~2.3.4 wiolnioien|0 2, U“d..wur.:?_ﬂwotonﬂ N LERLs N i OO l.2.34u4 5.6?!.0“9._0 |2¢m3..4«5“6“7.n. S.OWVAO
S WS il P A S i N R R T IR AT S P LA TS Sl Lid . £ 0. vlele <.« o
v . ’ . —d--a —e— o P - — ’
c i Co [} I ' R . . 1 HR IR R €
3INT1SISIY | m R R R I N BRI N SRR IO O O S P
: i ] Yo i _ ! ‘ i Yo ! i : [ [ b ~ 4 $
! Lt bt ' . S ' ; i b
. d ﬁ. ’ : ‘ . t+ ’—- v,l.olk‘lql.flolvt\lvrll% v . . . ’ 3 4 >
H “ ' i o Lo o o R s DR
o ! ; “ P _ i _ Py A N T P ,or ! . 1o :
ER TS Y | m . S S I SRR . v ._ by Loyt
- EA ' : I S S S M i vy I o :
1IN0 ~ . | i [ i : . v ' m m | by ' . Eoo i ” - b
s w Voo | v } " [ S T B . i : AR N | [ S S . P
: | AULTRE T O S T S A A A L P P
i ! oy d ' A A H i i ! ‘ I t L, ! -
[N R : i ; i Lo b A Pl ! [ - <
t ' E S g .- - Gt b= b e g — - —. s .- . - . . . . . . .« - . . - - e hnlh;.tv. " —_ |,l|||.
(g cccl i1 RN P ._.A, LT . ¢ Y
L 2 4 sy m e > — — b e . > — by - o v . . * - - P I T - R Attty o geee o KD it
R AREEEER R s . i P X X o C
el B b oy e e & +.I0l.- B L | + PRy . . Y SR .- . . D g 0 x . : .
|‘ '\. "U \— M “ “ ,A 4 E . > ; - 4[‘0"'. 40()<y ll‘.tl.l'..‘lW'L.
o7 | ct o W Y o X VA 40 SR I :
= W N o - 4 ) W-~||Ji\’|i\n. M VAR RS A L .' .E?tol&l\tli’llo|8|.lo|blut|o|
b - v . . ' : . . . . § : : R : B N
212785 X ] X X Lo X R X 0 X 0 00 HEEREEE R
) IW 1 , f . P : . . N/ /S /" |o,\. L ‘ . . T e~ .o !0‘6.’. . . —— . et o & e §
g3373 . X olcio X 00X XX 20, O. ... SRS IR U ,
m O - " b . . X . . . - v - ¢ b W . .. . . w H . e e b . - . \**Il’*‘&l*l!.libl‘
=1 C e . i Lo : ‘ O - o C : Co : . Sy bty o .
Sl e .« g . i o O S T R R N S A e e — e
Sl = = N i : i ' i : ' ' ) : : * ' ‘ i
zt i adl GENUS S U Y NS G SO S ; Do . : : ) ! _
< : ’ : . - - . » . . . P enis ec e — @ P N -
° I N N R ' ‘ ' _ : ' : b ! C A i
g S S S AR U P S S i S PUIUIDRISUE SN S S
L, - . l_ ) . : ] N . u N . ] H '
- “ T ” . I.|M| R IR AL S Do b ememe B e ; —
{ v ! . N S ' : o




SRS

RN,

Functioning Levels ({) ) Uy - 3 — -
E“ﬁlﬁc‘\fm& Sf‘: g g1 12 : " By {e
IV NN z
halo N\ S- (@ 9 | o
b~ Lol fos [ INO s e i
Ml (@ (i v Ry secs 0
O 1 2 4
2 3 G
3
4 4 i6
5 < -
3 5 1% £
5 e
~
. 6 |2 5
5 P 1 ,_},:___.._.___.4
o Totals: N = N;= ,}'\
K . o 9
T Special Parameters 5
e — L
'3 C = (leg l)is‘ ® [
{4 N T
v d=(ogl),, - Qogl), = C Y N\
Q
16 . .. }
3 Prinsry Statistics f ;;\
L]
T A=Zin 3 ¥
3]
=5 32
20 B=2Z1in \
2t] M= ( NB-A")/N? \
22 1\* ¢
e m=c +d (AN1Y%) 46 N
FEY
= o= .62 4 (M . D oap0N S
;b ’ ¥ N-1 =
]
26 *Use + for "o's;® - for "x’s* :_-_—
27 **Valid for M 2 0.3 only, otherwise con-
28 sult *Bruceton Report' (AP Haport No.
29 101. 4R, "Statisticel Analysis for A New
301 Procedure i Seasitivity dxperiments®
. July, 1944) File No. Ma-1
32 For "o’'s* For "x’'s" L
33
34 = > &
08w
3% . &7y
36 8 L‘g o
30 m = '
NS
33 o= - TS
40 SN
41 Sevondury Statistics Wy o
a2 . cy -
weD
a3 m= N‘ mﬂl..“.’:.fﬁ. w ?‘.:’: ':
4 NN, Fo
4%
46 m
47 oy
-1 0
48 2
3 I
50| [ = Antilog m = “L_’ m{
X1 foarc S |
pu ChNITIALS . (PACE .
0 ke ',4..’,5 Y '{'-’IL ‘t %SQ




Functioning Levels ({) . Pa T -
Sl alST | Gy | E (g [ e [
Cu g Wi O NG z 2z )
N R I 2 5 (2 0 0
\F"\\FQ’*’&\\!Q\J IR - A
NI SINIVINAR L 1 1
2R Ia\d s secs 0
O ! 2 4
- H
3 9
o 3
Q) 4 s |16
| 5
B o 5 25 £
§) 7 2
iO 8 6 36 2
) I ! 5 — - I
| ! i . - e
i n Totals: No- N= 'l\
- Special P ters o 7
e 03 pecial Paraweters =
b HE c=(logl) _ = b
i P &) H1a -
l 1 H : i _ R " ',.(,L
3 P X s d = (log L)y, - Ulog L), = (075 m
S A R Q| 16 Pri Statistics 2 ‘;\
1 H j | X 7 mary otatistic '5 Q]
XK 18 A=Z1in -
P > 19 B s )
| i T = 1 '
R ENAY) ‘T 1290 B o
TS ] i 2y :
S S N ) } ! M =(NB-A*)}/N S e
R > S 1 ipo el eae® NS g
H s e o me=c¢ +d (A/N T%) Y R
L e Y i | |23 ] N N
i O i | 24| o=1.624d (M+0,029)— ALY
b — ' o N- = N
TG i I 251 . \ z W
H . : . Tl a,0 .. 08 _ L bk
l NG’ : el .Use + for "o's; for "x's =
T T T ""Valid for M 3 0.3 only, otherwise con-
,.__.__‘.-_? ’ ',"»"?““'I‘—T'é ;2.‘8"4 sult ‘Bruceton Report’ (AMP Report No.
) _'Qi P 29 101.1R, "Statistical Analysis for A New
! 4TOJ: ,l - | ,3045 Procedure in Sensitivity Experiments®
PR . - 5T July, 1944) File No. Ma-1
L I><: : ! 4_,_E32_ Fe: %o's® For "x's"

% - L |23 B I
0T |34 = -
UUIN .--SUN SR S & o] - 3 § o 2w

i ~,_,*j¥ I O 35~1 B - EJ;E

i I 36 g u C{
TS T M- Hde
- - s 3 . L d o
|- - ! : -
. Q L l — 'Y 39 g = 5 o,
! Qi 40 B
-—Y— N . . " b
Q4 41 Secondary Statistics W o
T ! F s,
. s w
] O 4) - No mo + N‘ mx . & $ Y
B N O 44 N+ N, o
T < 45 :
.__qi_ ‘ 43
. 47 :’\
o
| i/< 48 2
' O _ 49 AR
_IX sol | ¢« Antilog m= W ry
e d e : . 22
— i Na Z X] loate, -, .  Jmiriacs PAGE NO.
‘fly = o R P C
. { 0 . /




R TR T T N T RO AR TSR I 2L IRECIEENES mea . o A S 3

Functioning Levels (L) w o : .
NN S N b4 [o] 1 i n n =
"\G\“\_\!%Qc\umm e |2 |z : x |4
WO Il g \ 5= | @ 0 ¢
. IR g @ | Z
B & N s
QI \\Q'\)QQQ(\\, secs 0 ~1 !
§) | 2 4
O 2
Q) 3 3 9
4 4 16 .
L
Q 6 5 |25 e
7 8
< 6 | 36 3
5 8] T
9
Q) m Totals: N,= N.= ‘\}\
O il . a ©
2 Special Parameters =0
' W
Q! 13 c=logl) _ = =
O | 14
Ol 5 d=log ), ~Qog{), = oJ
O s g !
i . 7 Primary Statistics i 2
X i e A=3in 9 U\X
S 19 )
Q) 201 B=2i?y ~™
| Ol 5 21 M = { NB-A?)/N? 3 p
| | | e - RV
R al o mEe cdNEA) e N
| i ><' A A B 'Izi o=1.62d (M+ 0.029)\/*&_—1 'é.\\ ¢
Y I 25 . S Qt
! Qi I 26 Use ¢ for o’s;" - for "x’s" -
| _ ! 27 **Valid for M » 0.3 only, otherwise con-
x 28 sult ‘Bruceton Report’ (AMP Report No.
O ] 29 101.1R, *Statistical Anslysis for A New ,
OT A 30 Procedure in Senaitivity Experiments® |
| [e) ! 31 July, 1944) File No. Ma-}
i{ ' ! ;’i For "o’ g® For "x's* .
o 34 A= . g w‘
36
PP M= g9
=
38 m = u i
O 39 o= =
40 Do
f‘-’"\'x‘-l\
b Secondary Statistics W > A
{®) 42 ANEY
S a3l o Nw +Nwm g
Q 44 N « N AN
Sl . 45
Q 46
&7
: i
P 40 : 2\\‘:
B 49 -
O 50 W
Ny = X
DATE o ., ~ HTIALS PAGE NO. .
I'no = 0 c 7 /,{p;- 7% %A 149

0 Cima S VL

i




A0 | 253 o e R :
Caamnnl oa_z , CGIF26 L/ H1QA 35Nd & 17 e a4 M
I dl . ¢ K .
34 on 1o = LERY ADN3NDIYH| 1§31 40 3dAl on 1531|120 :
, L '
£ » G
(=3 -
; <
v 0 Z Ok
b v T 2 = ;
5 : 15 - 4 |
- .
7 © . [ SR S et A ]
s ! 0 ﬂ T L E e m. > 4 W
.. .y _N . pe) e z et 17;)
~ - ~ 2 1 O £y v X -
= " g n R “ L& e s % -4
e 5 I Mb‘ \Awﬂ. Eom— oz x0T o .hu. , <
=z b o = e & & . E 22 3 ! s
. < S O R ay " . E
l., < Bl [] mn .o» 0. H
=° IR T AL Le§FiEZ oo n
SO I S & TAafiEs . < =l =l R
—~~ s - —
z QI = o e a < = - & ino@ 2 = = |z r~
o i |72 B N Wu = .Am o PR SR uO o + e M 34 i
o~ -
o Fieli2igl 8 w0 £ o @ o &8P .3 Bl ol o ME N Y
“ = 2 o = s e 0 & B K B |= <
K - = i Z . = - m 3 - & O~ N0 .M
] « u i " It 1 0 5 2 @ o .0 = = =g < o~
~ mo | <] © an o o « 2 - = 7 T = 83 " n 0 u u " ] u _./Pv
M £ = E b - =~V = < L o= & b E o) tadd th.
H i ; <
c
"ON W3Li —ilelm 4«5 ¢inlola|o|=|Nvtm 4%5—6_7—8 elol—lnimig ol ot oo o T T TaTe T T ™o Tor T T
o - ' i ~li IO OIN 0 DO - a0 Tl T T M T— T
el e e R R R N R T Y H N P Lr IR D DO~ N T nioinlo :
& BN B A R S R S A R U LI LI I R SEEEBERE
IONViSISIY P ! oo b _ h BEER T m
P I A T T O S T ! _ _
ettt L L L ! NENE
» T _ T A S A S _ t . !
|
ER TS o w AR _ L h _ i m
. i P oo ! !
lonng | @ | ‘ Col | || _ |
. ~. fol A A A A
1 _ I ! _ i | i : N
{ ) ! | | to ! : i ! | { 5 i !
- O -*vl:,w [ i i h P : P n i P ! o P o
RS R e S SRS Y SN SN AN T S A SN S Lol - P porel
mv mw\ C . i P b 4 ,“, M I ~ ~T I | HR ot it el .rfTJl.f['T..Tc?lwi;. S S M — J_in.
4 T SRS G S S S e} Do ‘ Co A A . i s i
gezol |1 1T T [ R S R Rl et i ot R S Lo
e e O Ll Ny I L S U S NSRS SR NSNS U S S i SR P IR P P |
S ECEE AR | - T RIS SR S Sl S N N e
e f I 114-4!. L IY:L,-.W:L..L, R I T AL S B B i P
2 -1 i L | “ ' O R A A : ﬂx [ A T S ﬁ’r 7] —+ +
= R Sl S Sl GU SEtR SE CE S SRR S A S S RN N Lol I S B SRR
4 i R | | M [T AR e A S B e ek B e —s
@ T i B .TA.L!. S Ste T SRS S S WG SRS SN SO SN . N P
] i Jml“ N m ! i I b N A ey o ! ﬂ|m X T :
RS O e st ol , Sk SR TR U U S S SV SN SR S P Loty
o o} REER T T T b i
ct 4 e A SN ST S U S I ! i by i
= ] S G e ke S P ‘ ; _ {
g RN | T
£ _ | e T . L
(& | { | ! [ _ “ ¢
& O 0 S S S B S S S S S i i : i
35 ! i IN ! " . t
L - | ! H * ' { .
s NN T ——
1 ! _ _ _
4
| R i ] _




Functioning Levels ({) w ol :
N - z {0 i i n n "
OO R N NN, ey | a2 o x| ¢
d."\\ff\rﬂ\»\Qw"‘x':%\ 5 - 2 1= 0 0 |
NN TIOMN I HE T
NWISIHIN IV I 1S N € |+ 1 1
O QNS N g secs 0
G i 2 4
o) RN
é 4 4 16 .
= 2 5 25 at
Q ? S
s
O 5 6 |36 5
9 " 1
O S Totals: N = N,- W
19
X .
! v Special Parameters 20
w
i 13 c={(logl), = L
Q 14 -
Q) P d=(log L), - Qogl); = 0Oy o~
- ) 0 '
‘ ‘6 ]
) T Primary Statistics f t‘?
. v 8 A=2in g™
I 19 .
OQIL 20 B=Yi’n -ZQ\
21 M= ( NB-A)MN >
SIl 22 d AN 1% N
IR IR | 123 | mEe A% N e in
X ] T5a o=1.62d (M+ 0.029)]— N
e 25 Vi 2
] ! 2—6‘1 *Use + for "o's;® - for "x's" [
Q' | | 2-,—_‘ **Valid for M > 0.3 only, otherwise con-
T—.ql | 284 sult ‘Bruceton Report' {AMP Report No.
Q] PPy 101.1R, *Statistical Analysia for A New ‘
- 30| Procedure in Seasitivity Experiments”
Q i ) 311 July, 1944) File No. Ma-1 |
' i
o) S : 32_. For "o's" For *x's"
3 —n—
34 A= > g
§ooee e K T O s w
Qi 3%/  B- &%%
<l i G I gus
= ) £28
Q 38 m = ol
S 1 g b s
40 Ex A
S :; Secondary Statistics %Qa‘\
X Q—L - No mo + Nx m: . g{ §\,“- -
0 44 N +N t\) I
6 a5 [ X proemmee
() a6
47 .
i) 48 A ; 12
S 49 T
: s
Q 50 { = Antilog m = w7
Na = X1 [oatE - A
Tho = 0 30///,_,_, 7, lNiTlALSO#_ GE T9<




™~

Functionin

FUNCT,
TINE

RESISTANCE
NG.

ITEM

£ L.

Lo 6 5.
0L 75/
ol A1/
O+ E /[

St

H

Hqecs
]
e
o) 3
4
5
6
7
4
g
10
L
|
.
(e}
o
|
! 1

Fa—

!

t
i

‘

!

i

'
|
1

§

!

|

A_HAH*
SRR S §

I
i

1

c——e

1

[ -——T'-— +

¢
H

' .
e e

i

U S

|

!
—_— -

i i? n
0 0
1 1
2 4

—__3 9
4 16
5 125 )
6 36
Totals: N -

HUMIDITY

Special Paremeters

c = (log L)i=o =

d = (log 0),,, - (log Q)i

Primary Statistics

40 =

{TEMR

51

A=21in
B=Siln
M= ( NB-AZ)MN?

3

*Use + for Mo's;" - for "x's*

**Valid for M 2 0.3 only, otherwise con-
sult ‘Bruceton Report’ (AMP Report No.
101.1R, "Statistical Analyaia for A New
Procedure in Sensitivity Fxperiments®
July, 1944) File No. Ma-1

For *o's*

,—
=

LOT NO.

A

-
2

1/

-~ s

e+ d (AN %)

~ LI T B S ¥ SO S aTaYa A
VT AV U N Y Ve iy

ITEM +7.,7 > 1

1

=
i

FREQUENCY
PULSE WIDTH
REP. RATE

Secondary Statistics

No m, + N, m

mes
N° + N,l

N ¢Nl x

o= .2 °

ND ’NI

{ = Antilog m =

DATE
é?/Afd f’;’ﬁ’

TYPE OF TEST




unctioning tevels ({) o Wl - 3 |
Y S N St g Ry N o z {0 1 1 n n, { = |
1?~Qg\ '\;J\J'v.\CQ:\‘:) ‘2)2 g—; € 0 0 2 g
RN I R wo |
NEQ NN v NS N0 Rat € |k 1 1 N ,f
FRIQQ [0 OO0 |0 secs | §1 |
I 2 4 <~ \"5 :‘
Q 2 ¥ &
. 3 9 v
3 Ay
4 4 16 ‘
% .
5 S 25 %
7 =z
o 6 36 2
9
o Totals: N = N.= ‘;L j
b : e 9
s Special Parameters s 35
us
Y
. 13 C = (log L)i=o = —’:—-v——‘—"
14
= - = I\
4= Uog D)y, - Uog O | 9
o}
16 . ..
7 Primary Statistics i E
8|* A=2XZ1in 9 ,
. 19 - .9 N @
| 20 B=2in :\
) 21 M = ( NB-A?)/N? ¥ |
; 22 1" VY
12—3‘ m=c +d(A/N i/?) N (1] o (g
i ! N
R ! I_?;(ﬁ o=1.62d M+ 0,029) /- DN
E . PR SR .12.5. ) vV IN.Y L—f; Q_L\!
1 1‘2‘; Use + for "o’s;® - for "x’'s" =
A TR **Valid for M 2 0.3 only, otherwise con- | i
! i?g sult ‘Bruceton Report’ (AMP Report No.
. i NS “_n-_'"w—m;”{gj 101.1R, "Statistical Analysis for A New
T .'T“‘"II"'W‘>< A N Procedure in Sensitivity Experiments”
T ‘h‘f'm:wr ’I I ’ ‘." crommmTe '""‘*13\] July, 1944) File No. Ma-1
S S O e i
! N 132 For ®o's* For ®"x’s"
33 :
34 A= . E
et 53y
35 B 2 g o é
36 on
1N F2 e
18 me
39 o= PN
22 E R
4i ety >
A pr Secondary Statistics SN QQ\
R SO G N w Q1D
——y _(.?? e 43 me ...____.__....N° o M N...‘_.m..i. o p E\“
G 44 N, + N, '
/ 4%
46 ST
(j S 4.7_ [ gl _.__f_ﬂf._,i = (5 %
R SO T O T 48 N, + N, N
IR 49 5
__X 40 { = Antilop m = W ™
Ny = x A
) L - | {oate - [miviaLs o |PAGE NO.
T ‘Np = 0 {M{)'f’ 7‘7 <
7




A L ———
s D&\.ﬂ\% . 34vY g2 -
W Wy o H\QQ&: ¢ -57 ) Hi0iA 3504 .\muv:m\ deo »N.u w\mu '
,m < V\ JLIQUNNH diN31 ‘ON 107 UQ NTTV\&}\EME < ADNBNDEHH| 1531 S0 3dAL ‘ON LS21 Mﬂ,
m _ ﬁ \ £ » e
~ (2} O.NI o
= S - 2
Jw B o.' - .W WuA Muv
baid * N W‘...mm IS =) \,.«
[ n 7] - © £ 5 I3} /
& - .S = ‘N .“ ‘m o m m e ey I,
nl . tn.w ”b LHM { = :m.lv.;uﬂu M .w IAL
.. E - -~ TR A S Py -
NK m Wo ;n.m ” - M o - s — v
» -2 o - pat 3 3 >
S 2 Z RS T EwiES by, A . 1E
B o ~ 0 W 2 o H >~ ]
-] u ) > L = ;S U oem | " }
no " .m o — wﬁu m z + “ \MUIMH M © )W. E - N!“Nl E \/\.
—~ -~— - @ L — = =
=2 m .u/_... \IH £ o 2 = p = § 2 A i §1 == + Mf
&twv{: N nm“n 1= A. - ~ [ [ ﬂNM\I IO _ o+ * rom -3 mh \»
Ja‘. < —t <+ | A m v % an [Ys) £ L v oy 2 2 thb e“ c & IONO “U..N bo! wl.
€3 ’ S 9 SO - SR~ S - 3 = | ol <~
\Mm ~r —— Al N ~ O “ Nut m‘m . bl NO_ r% -.A‘.l- -
o i it n n L 3 L L Lo : -
o O el | ¥l A R £33 .. r - - . ] N
w B O v < m = E b - n o~ Q5 < &0 = E b =3 b N vCIs
3
— _ S
ON W31l |~ jlmielv|o o [0~ T = o~ ol =[wimiciw olnla aTSTT Tl gl "o i o~ lelmiaTlel S
| R Rl e R R e e e T e e e R e e e
T [ s e e R T
uozﬁ,m«muaﬂﬂ “_ EEEREE AR Lo L BEEE
1 H 1 i i H i i : ¢ i
_ ,I|,LII--I+I_ F-L% RN I h _ M 1o _ Pl
. 0 S T N e B B EE
L
donns |8 AN I I I EEEEEE.
LT A N A A .
| | ! T i i g [
| | T ! RN BEEREREEE:
2 [ e S SR SR B U S S S S B ML
- w %\B } w _‘ ,T.'”{IIMIIAlllwl . _ _ ; T i { , H. . ﬁ i _n
LLC70 | HEEE TR ]
! i H
SVENFD) | L N
NvIRzs NN TR ST e
2 /7070 | NEENERENERESEN N TS T T
3 ~ T 7 Tt - T TRAT T T e g e L s 3 4
3/ 545350 ,:_!_L--.ﬁ._-“; &_ijww:“:ww:“;“
= . : L P I.w _ ’ - - —— — -4 4= - -4 : + P h.. PR PR S
oAl T 70 X QQ- _L!,- 1.0 O T * ﬁ ‘ Pl P P D
seczo ool ol X ol Pl BERNERREERRED
faro 2 T NENNAEEE
S 8E75 T T
> _ 1
i }
F | \‘ N ‘ “‘IIJT w \ *
* i
| !
i | 1 i ‘ |+ 1 i M : Fboig

B S

SRS s s st




