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1.0

INTRODUCTION

This progress report covers the period December 1, 1979
through January 31, 1980 under Contract DAAK10-79-C-0040.

This program

is for the design and development of the XM746 Practice Fuze Spotting

Charge

In the month of December, (18th and 19th), ballistic
testing of th^ Practice Fuze Spotting Charge was conducted at Ft. Lewis

Washington
1.1

Object of Test
The primary objective of the testing was to determine

which of the three spotting charge candidates, MOD

ORI or MBA would

reliably produce the best visible smoke cloud in a muddy target area.

1.2

Hardware
All spotting charges were loaded into XM747E2 fuzes and

assemblied to the four port 155on, XM804 projectile

Figure 1).

^The SW522 (MOD ^£*5 and ORI composition was contained
within the fuze, as-shown la-Figure

The MBA configuration was assembled,

as shown in Figure 3, (see Table 1 for fuze configuration and Tables 2 and

4 for composition).
The weapon used was a 155mm Howitzer with M4A2/5 charge.
1.3

Testing Matrix
The first phase'was to eliminate either the MOD "E" or

ORI spotting charge based on their performance; the best performance

(MOD "I") was carried forward to Phase II testing along with the MBA
spotting charge.

The Phase II testing yielded a final candidate for

further evaluation in Phase III testing, see Table 3.

1.4

Test Set-Up

To observe and score the spotting charges, F.O. (forward

observers) were stationed at 2000 and 4000 meters for Phase I and 1800

AM

A c c ts s lo e ¥ c r

TABU 2

wacKEKixn or
rntpricmc shop compositions

2 by Wt

Specification

Zinc Duet

40 +
* 1

JAN-Z-365

Potaeeiuei Perchlorate

20 + 0.5

MIL-P-217A, GrA, C14

Potassium Nitrate

20 +
* 0.5

MIL-P-15613 Cl 2

Aluminum CAtomisad)

20 +
* 0.5

MIL-P-14067A Type II

Magnesium

17

MIL-P-14067 Type I

Sodium Nitrate

17

MIL-S-322B, GrB

Phosphorous, Bed

63

MIL-P-ZUA, Cl 2

Zinc Oxide

3

MIL-Z-291C GrA Cl 1

6

LA-OE: 522 mil*
HA —OS: IOS* mill

TABUS
TEST MATRIX

TITANIUM TETRACHLORIDE - T1C1

PHTSICAL PROPERTIES

Chemical Formula

T1C1,
4
189.7

Molecular Weight

Jf

Color, Fora
Melting Point

clear liquid
-30°C

Boiling Point

136.4

Specific Gravity (20°C)

1.726

Density (lbs./gal.)

14.4

Stability

decomposes in the presence of
moist air

°C

SPECIFICATIONS (Weston. Michigan Plant)
Titanium, wt.Z

25.0 minimum

Chlorine, wt.Z

74.0 minimum

Color

50 maximum

Metal Analysis, ppm

Tin (Sn)
Aluminum (Al)
Iron (pe)
Vanadium (V)
Silicon (Si)
Copper (.Cu)

10
10
15
10
10
5

max.
max.
max.
max.
max.
max.

Chromium (Cr)
Antimony (Sb)
Arsenic (As)
Lsad (Pb)
Nickel (Ni)

5
5
10
1
5

max.
max.
max.
max.
max.

SAFETT AND HANDLING

Titanium tetrachloride must be maintained under inert atmosphere,
nitrogen containing leas than 10 ppm oxygen le recoemended. Expo
sure to moisture In the air generates hydrochloric acid and titanium
dioxide. Refer to the titanium tetrachloride "Product Safety Infor
mation” sheet for safety Information, and to the Stauffer brochure
"A Guide to Cylinder Unloading."

m ABOVE ISVOnunON REPRODUCED FROM STAUFFER CHEMICALS PRODUCT
nara SHEET

and 2000 meters for Phase II and III testing.

The F.O. were a mix of

ARRADCOM, Ft. Sill, Ft. Lewis, Chamberlin, MBA and Tuma Proving Ground
personnel, see attachment A.

The scoring system for Phase I was complex.

Two P.O's

used a number system and 5 P.O's used an alphabetical rating system

which related as follows:

For

1 & U • unobserved, 6 & E ■ excellent.

the balance of the testing, P.O's used a numbering system 1 through 5 where

1 ■ unobserved and 5 • excellent.

The spotting charges were fired in an

alternate order, MOD "E", ORI, MBA.

The tests were recorded on video tape and 16mm camera as
follows:

Phase I, 16mm camera and video at 2000 meters and video at

Phases II and III, video at 1800 and 2000 meters and 16mm

4000 meters.

camera at 1800 for the first part of Phase II.

1.5

Weather

Rain was quite persistent for the two days of testing.

The weather conditions listed below were submitted by Ft. Lewis.
Temperature

18th.

19th.

Humidity

Wind Direction
from (True)

1100
1200
1300
1400
1500

51!
52°
51°
52°
51°

892
892
922
822
862

120°

1100
1200
1300
1400
1500
1600
1700

53°
53°
53°
53°
51°
50°
49°

772
802
832
802
852
892
892

200®
180°
200°
210°
200°
190°
190°

*

Wind
Speed
Calm
Calm
Calm
Calm
4 Knots

8
10
10
10
8
4
4

knots
knots
knots
knots
knots
knots
knots

1.6 Ballistic Testing
The Phase I testing want as planned on December 8, 1979, with
eight each of MOD "1°, ORI and MBA spotting charges fired at a low QE of
522 mils. -

There were 4 P.O 's at 2000 maters and 3 at 4000 meters.

-

--- 5—r.~---- ;---

Based on the scoring of the 7 F.O's (MOD "E" 174,
MBA 143 and ORI 122, sunmarized in Attachment A), the ORI spotting

The smoke clouds for MOD "E"

charge was dropped from further testing.

and MBA, when observed, appeared similar in intensity and duration (see
Figure 3).

The flashes observed were judged poor to none for both

configurations.

Low priority was placed en the flash due to the fact

that it is a night training requirement.
For the Phase II testing, the F.O's at 4000 meters were
moved to 1800 meters due to the poor visibility and difficulty in spotting

the smoke cloud at the extended range.

1800 meters and 7 F.O's at 2000 meters.

In total there were 4 F.O's at
No Phase II and III testing was

conducted on December 9th.
In the first part of Phase II testing, 8 each MOD "E"

and MBA fuzes were fired at a low QE of 522 mils.

The MBA spotting

charge, with the exception of one round, displayed a smoke cloud which

was judged to be good to excellent in both cloud size and persistence.
The MOD "E" performed much better than the Phase I testing but was
scored significantly lower than the MBA spotting charge.

See Figure 5

for a photographic comparison of the typical cloud size.
In the high QE (1054 mils) portion of Phase II testing,

the MOD *'E" and MBA spotting charges performed pretty much the same w5th

many unobserved and relatively poor smoke clouds.
was not totally unexpected.

The poor performance

Static testing at MBA in September 1979

showed the function time of the MOD "E" spotting charge to be an average

of 2 ms and MBA to be 2.5 ms, from ignition to display of smoke from the
projectile smoke ports.

Analysis suggests that on soft ground at high

QE's these times are equivalent to, to slightly longer than, projectile

burial time.
<

Figure 6 presents ARRADCOM's estimate of the worst case,

most rapid burial condition for the 155nm projectile in question.
condition exists in deeply saturated light sand soils.

This

The ARRADCOM

model predicts coverage of the smoke ports located 19 inches back on the
projectile, 1.8 milliseconds after impact.

10

0710-16984
FIGURE 4
PHASE I TESTING
TYPICAL SMOKE CLOUD

mbahcl4

FIGURE 5
SMOKE CLOUD COMPARISON
12

MBA
0710-16985

Based on the total scoring of the Phase II testing, the
MBA. spotting charge was selected for the Phase III testing.

Due to the

poor performance at the high QE firing, it was decided the Phase III

firing would be conducted at a low QE of 522 mils.

The Phase III testings were mixed.

Three out of the

nine firings resulted in smoke clouds judged good to excellent.

The

remaining six rounds yielded mixed results reported by the observers,

per Attachment A, they ranged from fair to no visible smoke cloud.
Rounds 1, 2 & 3 of this test series were assembled to
projectiles with 90° ports.
1.7

Conclusions

The smoke clouds produced by the MBA spotting charge,

particularly in the low QE Phase II testing, were judged to develop the

superior cloud.

However, due to the inconsistent performance of both

the MOD E and TiCl^ spotting cha ges, further improvement is need.
Design requirements to achieve function time repeatability need to be
better understood.

Quality control and manufacturing methods need to

be reviewed in detail and upgraded, or otherwise changed, if it is

determined they are causing inconsistent spotting charge performance.

Environmental testing should be undertaken to establish the effects, if

any, on fuze performance after T4H, transportation, vibration, etc.
1.8

Data Reducation

figures 7 through 17 show the 90Z confidence envelopes

for each of the fuze tests with the composite of MOD "E" and TiCl^
fuzes shown In Figures 8 and 9.

All data has been normalized by

averaging the evaluation with the number of observers, adjusting the
evaluation to a common scale, and using zero for a non-vislble cloud.
The cloud observations are scaled from 0 to 4.
A standard procedure, see Attachment B, was used to

determine the statistical quantities for 90Z confidence.
can be Interpreted aa follows:

The curves

The cumulative distribution shows the

. ..

E" Phase I Low Angle

Figure 11- ORI Phase I Low Angle

Figure 12- MBA Phase I Low Angle

Figure 15 - MOD "E" Phase II Low Angle
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Figure 17 - MBA Phase I

II Low Angle

number of fuzes that will either exceed or be less than a certain value.

Using Figure 10 as an example, the intersection of the lower curve with

zero, (20), shows the cumulative number of events that would not yield
visible results or conversely, 100 less the intersection value which

will give visible results.

Because the curve is the 902 confidence

envelope, this condition is stated as follows:
"You can be 90Z confident that 80 times out of 100 the

observer will see a cloud."
These results for each individual test and the MOD ”E”

and TiCl^ composites are shown in the bar chart of Figure 4.

The center line between the 90Z confidence lines is

included on the figures because it represents the average line or 50Z
confidence curve.

The test points are ordered in increasing values and

plotted on the figures using the procedures given in the reference.
Note that, for the most part, all data points fall within the 90Z

confidence envelope and that approximately 50Z fall on either side of the 50Z
confidence curve.

The 'composite 90Z confidence performance of the MOD "E"
and the TiCl^ configurations are approximately equal.

The MOD "E" has

a lower average observed intensity, but also a lower dispersion about the

average than the TiCl^, which yields good high confidence values.

The

TiCl^, although some 40Z higher than the MOD "E" in average observed

intensity, experienced a lower reliability and, therefore, a higher
dispersion.

It can be expected that with reliability improvements, the

TiCl^ configuration will show much better results.

For Instance, if the

T1C1. reliability is improved to match the MOD "E" configuration, some
92 out of 100 of the TlCl^ clouds would be visible at 90Z confidence.

1.8

Contract Add-On
In the month of January 1980, MBA waa Informed of a

contract add-on for $9,250 for 576. XM747E Practice Fuzes, for additional
testing at Ft. Sill and ABRADCOM.

SUMMARY - FT LEWIS TEST RESULTS
FUZE. PRACT XM747E-, PROJ 1S5MM. XMB04

(1SSMN HOU M114A1 * CHG M4A2/5)
RNG OF

:
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RESULTS

PHASE I

W
18

5

8

urn

4-Hole

LA

1.8

TO

FAIR TO GOOD SMOKE 8 FLASH

E2/ORI

N

LA

I2/IW

N

LA

FAIR SMOKE. NEGLIGIBLE FLASH
CONTROLS

M739

M1O7/T2

LA
4.0
PHASE IlU)

E2/E

4-Hole
«

LA

E2/MBA

POOR SMOKE 8 FLASH (ELIMINATE IN PI

1.8

POOR TO FAIR SMOKE
GOOO TO EXCELLENT SHONE (SELECT fO
HI)

HA
TO

8

E2/E

8

E2/MBA

3

M739

N

M107/T2

LA

POOR SMOKE

HA

POOR SMOKE

2.0

2 LA.
1 HA

II)

PHASE

CONTROLS

PHASE III

g(2>

E2/MBA

4-Hole
N

E2/E

(ml

LA

1.8

LA

POOR TO FAIR SMOKE 8 FLASH

.

POOR TO FAIR SMOKE 8 FLASH

18

M739

T2

LA

10

M739

H6

LA

BETTER THAN T2 TYPE

3

«/£

NONE

LA

VERY POOR

M739

M1O7/T2

LA

TO

2.0

FLASH/SMOKE SMALL - NOT PERSISTENT

CONTROLS

Cl) INADVERTENTLY SEVEN XM804 PROJECTILES W/»° HOLES MERE FIRED AMONG PROJECTILES W/45° HOLES WITHOUT ASSOCIATION
TO pigF/TOUTO COMBINATION.

(TO FIRST THREE ROUNDS MERE PROJECTILES WITH 90° HOLES.

ALL OTHERS HAO 45° HOLES.

DATA A SWMAKT SUPPLIED BY ARRADCOM
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so that a material can be u-ihI.
Since 60% of the total aumlwr
of observations will be above, and
80% below, the arithmetic mean,
the intercept of the ordinate and
the 50% abscissa can be read to
obtain the mean directly.
To obtain the value of x. an
other well-known property of the
normal distribution is used. On
probability paper the area under
the curve between the 16% and
84% abscissae is equivalent to
the value of X
Therefore,
determining the intercept of the
curve with the 84% abscissa and
subtracting X will give the value
of * directly.
.

It an help you
t. Set epecification Hmite
2n Check material or procese performance
over a period of time
3. Cheri; n euppliefe dainu
by OenaM PwioMr, Asseejate EMinr. Unierialttin Deeign Engineering

B Application of statistical qual
ity control principles is simplified
when arithmetic probability paper
is used. This type of paper has
as its abscissa a probability scale,
and as its ordinate a linear arith
metic scale on which the variable
is plotted.
On a probability plot, a large
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amount of data, which may extend
over a wide range, is condensed
to only two numbeta: the arith
metic mean X and the estimate
of the standard deviation, t. For
most engineering purposes, the
arithmetic mean and the estimate
of standard deviation, together,
furnish the information necessary
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ability paper in Iwo situations:
of increasing magnitude and as
observations in each interval and
1) when Ute number of data is
sign each datum point a cumula
determine the cumulative per
small, and 2) when the data are
tive
percentage
value
from
centage in and below the interval.
available in large quantities that
Table 1.
3. Plot the cumulative percent
cannot be conveniently handled
2. Choose an appropriate scale
on the probability scale against
without grouping.
ou the abscissa and plot the data
the top oi each interval on the
After arranging the data so
against tho appropriate cumula
abscissa.
that cumulative percentages can
tive percentage value on the
A typical arrangement of data
be obtained and plotted, the next
ordinate.
is sliown in Table 3.
step is to determine the scatter
Table 2 is an example of ran
How probability paper
of data that might be en
dom numbers rearranged and as
countered. Thia can be done by
signed a cumulative percentage
To check material ptrformance
making use of the confidence enfrom Table 1.
—Fig 1 demonstrates the use of
vetope which is described in de
WAcn tho number of data it
arithmetic probability paper to
tail in an accompanying box.
largo—When more than 30 obser
chock performance of a material.
When tho number of data is
vations must be plotted, the meth
The data represent a permanent
*maU (30 or teot)—Arithmetic
od just described becomes both
mold cast aluminum alloy with
probability paper, in this case,
lengthy and tedious. The proce
a
specified
minimum
tensile
is used as follows:
dure is varied as follows:
strength of 25,000 psi. Data were
1.
Arrange the data in order
1. Tabulate the number of ob
obtained over a three month peri
servations that Ue in equal-sised
od. As seen in Fig 1:
intervals. The interval should be
1. Average tensile strength to
at least 10 times the last signifi
be expected is 26,650 psi.
wrrMTMUi
cant figure to which the values
2. By inspection, the intercept
are measured.
of the specification minimum and
2.
Calculate tho percentage ofthe curve indicates that 20% of
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O-Twa groups of tanfaeas data are oomparod. Since
confidence envelopes de not overlap at the SO# ardiaate,
the groupe are differeai and Process A will produce
better results than Proesw B 95% of the time.

the material will probably bo be
low the specification minimum.
3. The confidence envelope indicates that 95 time* out of 100.
as little as 1A% and as much as
45% of the material can be ex*
pected to exhibit a tensile strength
below the specification minimum.
Probability paper, then, shows
the engineer how well a material
is performing and suggests a
course of action to follow. In this
case, there are two possible
courses: either revise the spe
cification properties in accordance
with the facts of actual per*
formance, or choose a new alloy
for the application.
To set up specification liauts—
Take a ease whore a literature
survey turned up a promising
casting alloy but, as usual, only
average mechanical properties
wore quoted. Since an arithmetic
average gives no indication of
values at the extremes of a dis*
tribution, a more precise estimate
of mechanical properties was
needed for specification purposes.
By pouring tensile bars from
several experimental heats, it is
poMible to forecast the miniamm
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4—CoHfidewe envelope far IngariUunie probability paper.
Eatinuito af standard demtwn (t) it made equivalent
to diotaMco between W% ordinate and either 1S% ar
S4% ordinate.

expected values of yield strength,
tensile strength, elongation, etc^
and incorporate them into a spe
cification. In this use the prob
ability plot in Fig 2 indicates that
95% of the time a specified yield
strength of 70,000 psi will be ob
tained 98 times out of 100.
To compare sets of data—An
additional useful application of
arithmetic probability paper is
the comparison of several sets of
data to determine whether they
were picked from the some or
from different distributions. This
is a general engineering problem
since many situations occur where
a design or process is changed
and a decision must be made as to
whether a real improvement has
been obtained,. he, an improve
ment that matches the economic
factors involved.
Two beat treating methods
gave the hardness results plotted
in Fig 3.' Although the variation
in hardness produced by process
A is no less than that produced
by process B, a comparison of the
arithmetic means (X) shows that
process A will consistently pro
duce higher average hardness

values. Since the confidence en
velopes do not overlap at the 50%
ordinate, it cqn be stated with
95% confidence that the two heat
treating processes are signifi
cantly different
V/han data are not
normally distributed

One major shortcoming of prob
ability paper should be noted
here. If the data do not fall on
an approximately straight lino
when plotted on arithmetic prob
ability paper, this method of
analysis cannot be u^ed. Radical
deviation from a straight line in
dicates a skewed distribution
(some types of data, such as
measurements of interlaminar re
sistance or stress rupture, seem
to be inherently skewed). whereas
the scale of the abscissa has been
based on a normal distribution.
The ease with which the arith
metic mean (3ft and the estimate

of standard deviation (s) cun be
obtained sometimes leads to an
artificial “fit" of a straight line
to the data with the consequence
that invalid data are obtained. It
the data are skewed, then X and a
must bo calculated mathematically

or
uutribuuuu of logurithina
of the uuscrvatioito must bo con*
aidered.
If logarithms arc used, two
approacucs are possible. In the
first, the logarithms of the oboer*
vatinu.4 are plotted on arithmetic
probability paper. This is often
more convenient than using loga
rithmic probability paper because
the scale of the abscissa can be
chosen to fit each set of data,
while the logarithmic probability
paper has a fixed number of
cycles. If logarithmic probability
paper has a fixed number of
.daudard deviation, s, is obtained
by subtracting the log of the SO*
value from the log o* tin: value
at 84 CL and expressing x as the
diifcrence in logs or in fractions
of log cycles.
The confidence enveibpo—If the
logarithms of a set of observa
tions are plotted on arithmetic
probability paper, the mechanics
of determining the confidence en
velope are the same as those noted
in the box. If logarithmic prob
ability paper is used, the method
for calculating the limits of the
confidence envelope is varied
slightly. Rather than estimating •
on the basis of log differences,
measure the distance between the
' 30* ordinate and 16* or 84%
ordinate as shown in Fig 4. This
distance, is representative of the
value of a and may be substituted
for s in the equation used to de
termine the limits of the con
fidence envelope (see box).
Consult a statistician
to planning exporimonto

The graphical methods just de
scribed are excellent tools for
evaluating properties of materials
and processes after data have
been obtained. If possible, the
services of a statistician should
be obtained before a program is
run in order to obtain maximum
benefits from a minimum of data.
The statistically designed ex
perimental program, as opposed
to the normal engineering “one at
a time" approach, will vary sev
eral parameters at one time. A
statistical design may evaluate
the existence of interactions be
tween several variables, usually
one of the pitfalls of the "one at a
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Tlie Confidence Envelope
Ite siorifieanco
In Fig 1*4 note that an "en
velope” has been drawn around
the curve representing test
observations. The confidence
level chosen and Um confidence
envelope associated with it are
used to answer the question,
"How reliable are the state*
aunts that have been made?”
Note also that two sets of
similar observations on the same
material, plotted on probability
paper, will give rise to slightly
different distributions. The use
of a confidence envelope, which
takes into account errors in the
mean (X) and estimate of the
standard deviation (s), becomes
a necessity if the interval with
in which a distribution lies is to
be determined.
The "confidence level" de
sired must be determined. For
most engineering purposes, the
9596 confidence level is general
ly chosen. The degree of cer
tainty associated with thia con
fidence level will satisfy almost
all engineering requirements.
One danger of using too hish
a confidence level (such as the
99% level) arises from the fact
that in many engineering in*
vestigations a great many obser
vations cannot be made. Fig 5
on the next page indicates that
the degree of reliability increases
with ths number of observations.
It also increases when the confi
dence level is decreased. In other
words, as the width of the confi
dence envelope decreases, the
amount of scatter to be expected
in data also deers asm. By sacri
ficing some degree of certainty
it is possible to actually increase
the practical utility of a state
ment of material properties.

Kow to construct it
Drawing the confidence envuiopo is done on the basis of
the followiug facts:

1. The true arithmetic mean
lies within Ute interval
Xftks/Vn
2. The true standard devia
tion, lias within the interval
s = ks/V2n
The constant, k, depends on
the number of observations aad
desired confidence level, while *
represents the number of obser
vations. The accompanying table
lists approximate values of k
for different confidence levels
and sample sires.
Using the values of X and •
derived from Fig 1, the con
fidence envelope for those obser
vations was derived as follows:
The arithmetic mean lies
within the range ft ks /Vn.
From Fig 1, wo note that^0(^s
3550 psi. From the accompanying
table, on the basis of a 95% con
fidence level and 22 observations,
k ns 2.06. Therefore, ks / Vnas
ft (2.06) (2550) / VS m ft 1120

The range of the estimate of
thestandard deviation is — k* /
V2n. Since k and s remain
the same, the interval is ft
(2.06) (2650) / V44 — ~ 790

To construct the confidence
envelope, at 50 cumulative per
cent plot two pointe: one 1120
psi above and one 1120 psi be*
low the curve. At 16 and 34
cumulative percent, plot points
1910 pd (1120 psi + 790 psi)
above and below the curve. Con*
netting the points products the
oonfidence civdoM.

tuiw” approach.
titatulical techniques permit
the engineer to decide the mini*
emu number ai observations
necessary to make a reliable de
cision. Since the cost of making
each observation is usually fixed,
such knowledge can save the engi
neer both time and money.
The importance of statistics as
a tool for all engineers cannot be
overemphasized. It is a particular
ly valuable tool for those who are
required to predict results or
formulate addition.il, and possibly
expensive, programs on the basis
of a few test results. Large
evaluation errors may be made
when only a few samples can Le
taken. Consider, for example,
these two diametrically opposed
extremes of evaluation errors:
1. A positive result is obtained
mi the first trial when the prob
ability of obtaining such a result
ic । J it,rely low. This is an un
fortunate situation since a large
effort may be expended in an at
tempt to obtain the original re
sult.
2. The reverse may occur and a
negative result is obtained when
the probability of obtaining a

&—Rtliubility incretuirt at Ikt wuabtr of obtervalioat iHcna». A similar

tftet rculit vkn tkt conp'deNee level is decreased.

ixisilive result is relatively high.
This places the predictor in the
position of, perhaps, discontinu
ing a potentially successful pro
ject. The unfortunate corrollary is

that a large and wasteful effort
may be made to develop another
method when the first would ha. e
been the most satisfactory one.
(more E<icD on p 1711

What Is Probability Paper?
The development of arithmetic probability
paper can be visualised as follows: Assume that A
represents the standard normal distribution curve
<>f a set of data, the familiar “bell-shaped” curve
defined by a (t) ■■ (1/ VTw)e-**/t. Integrating *(t)
results in a curve similar to B on which is
plotted the cumulative percent of observations at
or below a given value, against that value. If the
abscissa of B is now stretched symmetrically, but
nonlinearly, about the 50% value, the curve be
comes a straight line (C) and the scale of the
abscissa becomes a probability scale. Cumulative

percent is plotted .on the probability scale since t Inprobability curve represents the integral of the
area under the normal probability curve. Cumula
tive percentages for varying numbers of observa
tions are given in Table 1.
Oattins tin paper
Two sources for probability paper are: Codex
Book Co^ Norwood, Mass, (arithmetic—No. 3127,
logarithmic—No. 3128), and KcuiTel & Esser Co.,
New York City (arithmetic—No. 358-23, logarith
mic—No. 35S-22G).
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