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ABSTRACT

Tables of d' for yes-no and forced-choice experiments are
presented along with explanations of the assumptions involved in
the calculations.



TABLES OF 4'

The tables contained in this report were compiled for use in a
specific type of experiment in signal detectability. A single signal
with fixed probability of occurrence is transmitted over a channel in
which band-limited white Gaussian noise is added. At the end of a fixed
observation interval the receiver must make a "yes-no" decision indicat-
ing whether signal plus noise or noise alone was present. Repetition of
the task yields the data necessary to establish a value of d'. The
statistic d' is not merely descriptive; it incorporates a comparison of
obtained performance with "ideal" performance. "Ideal" implies that
optimum use is made of the information available; however, due to the
noise present in the channel even an ideal receiver will not achieve
perfect detection. In terms of the signal-to-noise energy ratio in the

channel, a value of d' represents the minimum value of'%g necessary to
o

lead to the performance obtained if an ideal receiver had been used in
place of the receiver under study.

In the type of experiments for which the theory of signal
detectability provides an appropriate model, d' has certain advantages
over other measures such as percentage correct., To illustrate, d' is
not a function of the a priori probability that a signal is present.
Neither is 4' affected by altering the values and costs of a correct
answer. Whereas other measures are sensitive to both the receiver's
specific criterion and the instructions given by the experimenter,
changes in these parameters leave d' relatively invariant. In addition
to these evidences of stability, d' is a tool for isolating aspects of
the signal information which are utilized by the receiver. This subject
is discussed in "Definitions of d4' and 3 as Psychophysical Measures".

(Ref. 1).



Before considering the way in which a specific signal to noise
energy ratio can be described as ideal, or as associated with certain
probabilities in the ideal case, it is useful to introduce some notation.
The data necessary to establish a value of d' come from the detection
rate and false alarm rate recorded during an experiment. The detection
rate and the false alarm rate serve as estimates of the desired detection
probability, PSN(A), and false alarm probability, PN(A).

SN -~ There is signal plus noise.
N - There is noise alone.
A - The receiver says there is signal plus noise.
CA - The receiver says there is noise alone.
PSN(A) - The probability of the receiver reporting SN when
SN was present.
P (A) - The probability of the receiver reporting SN when

N was present.

A CA W

SN W X PSN(A) =W + X
y

N y z PN(A) =y + 2

Using the computed values of PSN(A) and PN(A) the appropriate value of 4!

may be read from the table.

For the signal-known-exactly case d' is defined as equal to
J_%E . This definition arises from consideration of a signal of known
wavzform. T denotes the waveform duration and W its bandwidth. The wave-
form has associated with it a signal voltage, s, and a noise voltage, n, so
that the input voltage to the receiver is,

(1) x(t)

(2) or x(t)

n(t) + s(t) when the signal is present,

"

n(t) when noise alone is present.

-2-



PROBABILITY DENSITY

>

Therefore at an arbitrary sample point, ti,
(3) X, = ng o+,

Considering the ith sample point, the probability density of the noise

voltage for white Gaussian noise of power N is o
s
1 2N
()4) fN [Xi] = fN [ni] = -é-;c-ﬁ e .

This equation represents a ncrmal curve with zero mean and variance N.
If however, the signal is also present at the ith point, the effect on

the probability density distribution of X; is to shift its mean from zero

to 54 because the signal at any instantaneous point is simply a constant.

N S +N
0 S,
Fig. 1. Probability Densities for x at an Arbitrary Sample

Point Conditional on Noise Alone and on Signal Plus Noise



The two equations are;

2
_ A
T N
(%) In(x) = | 5§ ©
and 2
} (xi-si)
1 2N
(5) (%) = |zm ©

For any given observation the receiver's decision is based on the ratio
of the likelihood that the observed waveform occurred, if signal plus
noise were present, to the likelihood of the occurrence of the waveform
if noise alone were present (Ref. l). This likelihood ratio, ¢ x(t)],
refers to the entire observation interval O< t < T, so Eqs. 4 and 5 must
first be extended over the interval before they are used to form a likeli-
hood ratio.

Since the probability density function of the total waveform
is the product of the individual probability densities at each independent

sampling point (spaced 1/2W apert), equations (4) and (5) become

2WT
I S Y-
2WT 1 \VT 28 i=1 %4
(6) (0 = I o) (m.) e
i=1
and
2WT
1 3 2
(7) _ WI " BN 1ol (%478
fen(¥) = e (x) = (L)
i=1 TSN“i Sal
Forming the ratio;
OWT
1 2 ( )2 2WT 2WT
—é-ﬁ- i: Xi-S l_. --.]:— 2
®) 1) - Zn(x) . 1 i N 1o1 %158 © 5§ i1
fN(x) - EWT = e
L 3 2
T 2N i=1"1

-l



The natural logarithm of the likelihood ratio is equally useful in the
decision task because it is the result of a monotonic transformation,

and, in addition, its probability density functions are normally

distributed.
2WT 2WT
1 1 2
(9) loge £(x) = 5 :z X8, - 5% > N
i=1 i=1

Before determining the distribution of loget(x) it is convenient to state

the sampling theorem (Ref. 2).

n

T
(100 = zﬁ 5 =6f [B(6)]? at = E(s).

[y

where E(s) refers to the signal energy. Using this theorem,

2WT 2WT

No N i=1 i NO N

1
(1) 5N i=1 51 N

T
L f [s(t)]gdt=§i§l.

The noise power N is converted to No, the noise power per unit bandwidth,

by the relation N = ¥
To find the distribution of logel(x) it is necessary to know the

mean and the variance for the case of noise alone and then for the case

of signal plus noise. Considering the situation in which noise alone is

present during the observation interval, to find the mean and variance

of loget(x) it should be observed that the xi's are independent and that

each x, has (4) for its probability density function. Since (4) is a

i
normal distribution with zero mean and variance N, the mean of logel(x)
is the sum of the means, and the variance is the sum of the variances.

Because the sighal is a constant at the ith point, working with Eq. 9,

5=



(12) uN(xisi) = sip.N(xi) = 8 .0=0.

This implies that
2WT

(13) iy 12.—.1 %8) = 0,

Utilizing (13) and (11), equation (9) indicates that

(1%) by[logot(x)] = - E’}%ﬂ .

o

This same procedure is used to find the mean when the signal is present.

(15) mey(%y85) = syugy(x) = S?
then
2T 2T
(16) ney ( gl x8,) = -I]\%igl 5 = g'EﬁOEl’
and
(17) hoy log ()] = %-%ﬁl= " %fl .

In Eq. 9 the only term which contributes to the variance is

L 58 X,8,, SO

Nty 2T

(28) oiy[logt(x)] = “g[“ge‘(x)] = "e(flv' i§=:l X;8;) o
Applying the fact that the variance of the product of a constant and a
random varisble is equal to the product of the constant squared and the

vaeriance of the variesble, at the ith point
22

(19) oz(xisi = 5,0 (xi) = s.N .

By the same rule,

(20) F (F{a %)

b



PROBABILITY DENSITY

The combination of Egqs. 19 and 20 and the use of the sampling theorem show

the variance to be

2WT 2WT
2 1 2 1 2 2E(s
(21) Pllog 1(x)) = 35 > me = L 3 2 o El)
N i=l i=1 o]

To conclude the discussion of the definition of 4' as based on the
consideration of a waveform it is only necessary to divide the difference
between the means for the two conditions by the standard deviation to

arrive at 4'.

Z (B
Hay = My _ us N, - lg§
ag gg NO
N
o

The two distributions are shown in Fig. 2.

|
E E
ﬁo § ( )+ ﬁO
- sn(x
Ioge-Q(x) log e

Fig. 2. Probability Densities for log, L(x) Conditional on
Noise Alone, and on Signal Plus Noise



Figure 2 leads directly to an interpretation of d' in terms of
an ROC (receiver operating characteristic) curve. Whenever logel(x) is
greater than a certain critical number (the B of Ref. 2) an optimum
receiver will consistently choose to accept the observation as resulting
from signal plus noise. The area under the noise curve to the right of
the given value of logez(x) is the probability, PN(A)’ that if noise
alone is present the receiver will say there is signal plus noise. Simi-
larly, the area to the right of loget(x) under the signal plus noise
curve is PSN(A)' The coordinates [PN(A), PSN(A)] locate a point on the
ROC curve. Thus each point on the abscissa of Fig. 2 considered as a
critical number in the decision process determines a point on the asso-
ciated ROC curve. For the ideal receiver each value of d4d' yields a
separate ROC curve. An example for d' = 1.00 is given in Fig. 3a. When
a transformation of the axis is made from linear to probability scales,
the same ROC curve appears as in Fig. 3b. Utilizing this double proba-
bility paper, it is possible to read off the signal to noise energy ratio
which an ideal receiver would have needed to achieve any combination of
PSN(A) and PN(A). Referring to the point on Fig. 3b, if a receiver gave
a detection rate of .80 when its false alarm rate was .30, the ideal re-
ceiver would have required a\/%ﬁ.of 1.365 to attain this performance. To
avoid repeating this procedure gor each experimental value the following
table has been drawn up. The table facilitates the process of determining
d' in the situation where a signal known exactly is presented during a

fixed observation interval.
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TABLE 1

d' FOR YES-NO

PN(A) .01 .02 .03 Kol .05 .06 .07 .08 .09 .10
on(4)
.01 0 - 27 - - 57 - 68 - .77 -.85 - .92 - .98 -1.04
.02 .27 0 -7 -.30 - -5 -5 -.65 -.71 -.717
.03 Ak .17 0 - .13 - .2k - .33 - b1 - 48 - .54k - 60
Kol 57 .30 .13 0 -1 -.20 - .28 =-.35 - .M - .47
.05 68 RN .2k .11 o] - .09 -.17 - .2k - .30 - .36
.06 g .50 .33 .20 .09 0 - .08 -.15 -.21 - .27
.07 .85 .58 A .28 .17 .08 0 - .07 - .13 - .19
.08 .92 65 .48 .35 .24 15 .07 0 - .06 - .12
.09 .98 KAl .5k A .30 .21 .13 .06 0 - .06
.10 1.0k T7 .60 L7 .36 .27 .19 12 .06 0
W11 1.09 .82 .65 .52 R .32 .24 .17 .11 .05
.12 1.1k .88 .70 .58 46 .38 .30 .22 .16 .10
.13 1.19 .9z 15 62 .51 2 .3k 27 .21 .15
.1k 1.04 97 .80 67 .56 Rty .39 .32 .26 .20
.15 1.28 1.01 .84 ok .60 .51 43 .36 .30 2
.16 1.33 1.06 .89 .76 .65 .5 A48 L1 .35 .29
W17 1.37 1.10 .93 .80 .69 .60 .52 45 .39 .33
.18 1.h0 1.4 . .8k T2 6k 56 .48 L2 .36
.19 1.4y 1.17 1.00 .87 .76 67 59 52 T .o
.20 1.48 1.21 1.0k 91 .80 ol 63 56 50 Ly
.21 1.52 1.2k 1.08 .9k .84 STk .66 .60 .5b L8
22 1.55 1.28 1.11 .98 .87 .78 .70 .63 .57 51
.23 1.58 1.31 1.1k 1.01L .90 .81 .73 .65 .60 1
2 1.62 1.34 1.18 1.04 9k .8l 76 .70 64 .58
.25 1.6k 1.38 1.20 1.08 .96 .88 .80 .72 66 .60
.26 1.68 1.41 1l.24 1.11 1.00 .91 .83 .76 .70 R
.27 1.71 1.hh 1.27 1.14 1.03 .9k .36 .79 .73 67
.28 1.7k 1.47 1.30 1.17 1.06 .97 .89 .82 .76 .70
.29 1.76 1.50 1.32 1.20 1.08 1.00 .92 .84 .78 .72
.30 1.80 1.52 1.36 1.22 1.12 1.02 Ik .88 .82 .16
.31 1.82 1.54 1.38 1.24 1.1k 1.04 .96 .90 .84 .78
.32 1.85 1.58 1.h1 1.28 1.17 1.08 1.00 .93 .87 .81
.33 1.88 1.61 1.44 1.31 1.20 1.11 1.03 .96 .90 8L
.34 1.91 1.6k 1.h47 1.34 1.23 1.14 1.06 .99 .93 .87
.35 1.9% 1.66 1.50 1.36 1.26 1.16 1.08 1.02 .96 .90
.36 1.9 1.69 1.52 1.39 1.28 1.19 1.11 1.0% .98 .92
.37 1.99 1.72 1.55 l.ko 1.31 1.22 1.1k 1.07 1.01 .95
.38 2.02 1.74 1.58 1.4y 1.34 1.24 1.16 1.10 1.04 .98
.39 2.04 1.77 1.60 1.47 1.36 1.27 1.19 l.12 1.06 1.00
i) 2.06 1.80 1.62 1.50 1.38 1.30 1.22 1.1k 1.08 1.02
A1 2.09 1.82 1.65 1.52 1.4 1.32 1.2k 1.17 1.11 1.05
L2 2.12 1.85 1.68 1.55 1,44 1.35 1.27 1.20 1.1k 1.08
A3 2.1k 1.87 1.70 1.57 1.4 1.37 1.29 l.22 1.16 1.10
Sk 2.17 1.90 1.73 1.60 1.49 1.h0 1.32 1.25 1.19 1.13
A5 2.19 1.92 1.75 1.62 1.5L l.k2 1.34 1.27 1.21 1.15
RS 2,22 1.95 1.78 1.65 1.5k4 1.45 1.37 1.30 1.2k 1.18
b7 2.24 1.98 1.80 1.68 1.5 1.48 1.40 1.32 1.26 1.20
A48 2.27 2.00 1.83 1.70 1.59 1.50 l.ke 1.35 1.29 1.23
b9 2.30 2,02 1.86 1.72 1.62 1.52 1.4k 1.38 1.32 1.26
.50 2.32 2.05 1.88 1.75 1.6k 1.55 1.h47 1.h0 1.34 1.28

o
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PN(A) .11 .12 .13 o1k 15 .16 <17 .18 .19 «20

Py (4)
.01 |-1.09 -1.14 -1.19 -1.24% -1.28 -1.33 -1.37 -1.40 -1.44 -1.48
.02 |- .82 - .88 -.92 -.97 -1.01 -1.06 -1.10 -1.1% -1.17 -1.21
03 |- 65 -0 -5 - .80 - By - .89 - .9% - .96 -1.00 -1.04
O - .52 - .58 - .62 - .67 -.71 -.76 - .80 - .84 - .87 - .91
05 |- b1 - 6 - 51 - .56 - .60 - .65 - .69 - .72 - .76 - .80
06 |- .32 - .38 - k2 - 47 - .51 - .5 - .60 - .64 - .67 - .71
07 |- .24 - .30 - .34 - .39 - 43 - 48 - .52 - .56 - .59 - .63
.08 |- .17 - .22 - .27 - .32 - .3 - k1 - 45 - 48 - 32 - 56
09 |- .11 - .16 -.21 - .26 - .30 - .35 -.39 - k2 - L6 - .50
.10 |- .05 ~-.10 - .15 - .20 - .24 - .29 - .33 - 36 - 4o - .4k
.11 0 - .06 -.10 -.15 -.19 -.24 - .28 -.3% - .3 . .39
.12 .06 0 .04 0 -1k - .18 - .22 - .26 - .30 - .3
.13 .10 N 0 .05 = .09 - .14 - .18 - .22 - .25 - .29
.1k .15 .10 .05 0 - .0k - .09 -.13 - .16 - .20 - .24
.15 .19 .1k .09 .0k 0 - .05 =-.09 =-.12 - .16 - .20
.16 .24 .18 L1k .09 .05 0 - .0k - .08 -.11 - .15
.17 .28 .22 .18 .13 .09 .0k 0 - .0 - .07 - .11
.18 .32 .26 .22 .16 12 .08 .0k 0 - .0k - .08
.19 .35 .30 .25 .20 .16 A1 .07 .04 0 - .04
.20 .39 .34 .29 .24 .20 .15 11 .08 .0k 0
.21 W2 37 .32 .28 .24 .18 14 .11 .08 Nolt
.22 L6 .40 .36 .31 .27 .22 .18 1% 2 .07
.23 .49 LUk .39 .34 .30 .25 .21 .18 .1k .10
.2k .52 L7 .42 .38 .3k .28 .24 .21 .18 J1h
.25 .56 .50 .46 4o .36 .32 .28 .24 .20 .16
.26 .59 .5k .49 i RYe) .35 W31 .28 .2k .20
.27 €2 .56 .52 L7 43 . .3k .30 .27 .23
.28 .65 .60 .55 .50 RIS 41 .37 L3 .30 .26
.29 .68 .62 .58 .52 .48 i R%) .36 .32 .28
.30 .70 .65 .60 .56 .52 L6 b2 .39 .36 .32
.31 .72 67 .62 .58 .54 .48 R R .38 .34
.32 .76 .70 .66 .61 5T .52 .48 i L1 37
.33 .79 LT .69 .6k .60 .55 .51 .48 Lk Lo
e .82 .76 .72 67 .63 .58 .5k .50 L7 43
.35 .84 .79 .Th .70 E6 €0 .56 .53 .50 LE
.36 .87 .82 7 .72 .68 .63 .59 .56 .52 .48
3T | .90 .84 .80 .75 .1 .66 .62 .58 .55 .51
.38 .92 .87 e .78 LTh .68 6L .61 .58 .54
.39 .95 .90 .85 .80 .76 ol 67 Bk .60 .56
Lo .98 .92 .88 .82 .18 N .70 .66 .62 .58
RN 1.00 .ok 90 .85 .81 .76 .72 .68 .65 .61
L2 1.03 .98 .53 .88 .8k .79 .15 .12 .68 .6k
43 1.05 1.00 .95 .90 .86 .81 T TS .70 .66
R 1.08 1.02 .98 .93 .89 8L .80 .76 .73 .69
.15 1.10 1.04 1.00 .95 .91 .86 82 .78 ) T
L6 1.13 1.08 1.03 .98 Nen .89 .85 .82 .78 n
Ry 4 1.16 1.10 1.06 1.00 .96 .92 .88 .84 .80 .76
.18 1.18 1.12 1.08 1.03 .99 .9k .90 .86 .83 .79
.49 1.20 1.15 1.10 1.06 1.02 .96 .92 .89 .86 .82
.50 1.2% 1.18 1.13 1.08 1.04 .99 .95 .2 .88 .8h
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Py(a) .21 .22 .23 24 25 26 .27 .28 .29 .30
Py(4)

.0l |-1.52 -1.55 -1.58 -1.62 -1.64 -1.68 -1.7r -l.7h+ -L.76 -1.80
02 |-1.24 -1.28 -1.31 -1.34 -1.38 -1.41 -1.h4% -1.47 -1.50 -l1.52
.05 |-1.08 -1.11 -1.14 -1.18 -1.20 -l.24 -1.27 -1.30 -l.32 -1.36
.ok |- .94 - .98 -1.00 -1.04 -1.08 -1.11 -1.1% -1.1T ~-1.20 ~-1l.22
.05 |- .8+ -.87 -.90 -.9% -.9% -1.00 -1.05 =-1.06 ~-1.08 ~-l.12
06 |- .74 -.18 -.81 -8 -.88 -.91 -.9% -.97 -1L.00 -l1.02
o7 |- .66 -.70 -.73 -.76 -.80 -.83 -.86 -.89 -.92 - .9%
.08 |- .60 - .63 - .66 -~-.70 -.72 -.76 =-.79 - .82 - .84, - .88
.09 |- .54 -.57 - .60 - .64 - .66 =-.70 - .73 -.76 - .78 - .82
.10 |- .48 -.51 - .54 - .58 - .60 - .64 - .67 -.70 -.T2 - .76
Al - 42 - 6 - W9 - 52 - .5 - .59 - .62 - .65 - .68 - .70
Jd2 |- .37 - 40 - B4 - 47 - .50 - .54 - .56 - .60 - .62 - .65
A3 |- .32 - .36 - .39 - .2 - 46 - .49 - .52 -.55 - .58 - .60
bk |- 28 - .31 - .3h - .38 - 40 - 4k - 47 - 50 - .52 - .56
A5 |- 2 - 27 - .30 - .34 - .3 - kb0 - 43 - 46 - 48 - .52
16 |- .18 - .22 -.25 -~ .28 - .3% - .35 - .38 - .41 - 4k - 46
A7 |- 14 - 18 - .21 -2k - .28 - 31 - .3 - .37 - 40 - k2
.18 |- .11 - .14 -.,18 - .21 - .24 - .28 -.30 -.34 - .3 - .39
.19 |-.08 -.11 -.14 -.18 -.20 -.24 - .27 =-.30 - .32 - .3
2 |[-.04 -.07 -.10 -.14 -.,16 =-.20 =-.23 - .26 - .28 - .3
.21 0 -0+ -.06 -.10 -.13 - .16 - .20 =.2 -.25 - .28
.22 .04 0 .05 - .06 =-.10 =-.13% =-.,16 -.19 - .22 - .24
.23 .06 .03 0 - .04 -.06 -.10 =-.13 - .16 - .18 - .22
24 .10 .06 No)s 0 - .05 -.06 -.10 =-.12 -.15 - .18
.25 .13 .10 .06 .03 0 - .0 -.,06 -.10 -.12 -.15
.26 .16 .13 .10 .06 .04 0 - .05 -.06 - .08 - .12
.27 .20 .16 .13 .10 .06 .03 0 - .05 - .06 - .08
.28 .22 .19 .16 .12 .10 .06 .03 0 - .02 - .06
.29 .25 .20 .18 .15 .12 .08 .06 .02 0 - .03
.30 .28 .2k .22 .18 .15 .12 .08 .06 .03 0
.31 .30 .26 .2k .20 A7 L1k .10 .08 .05 .02
.32 .34 .30 27 24 .20 A7 L1k 11 .08 .06
.33 .36 .33 .30 .26 2k .20 17 b 12 .08
.3l .o .36 .33 .30 .26 .23 .20 A7 L1k .12
.35 b2 .38 .36 .32 .29 .26 .22 .20 17 1k
.36 Ll A1 .38 J3h .32 .28 .25 .22 .20 .16
37 48 Ly b1 .38 3L .31 .28 .25 .22 .20
.38 .50 46 R Lo 37 .3l .30 .28 .25 .22
.39 .52 1) L6 b2 .50 .36 .33 .30 .28 .2k
ko .55 .52 .48 A5 b2 .38 .36 .32 .30 .27
41 .58 .54 .51 48 nn 41 .38 .35 .32 .30
b2 .60 57 .54 .50 .48 iy 41 .38 .36 .32
43 .62 .59 .56 .52 .50 46 43 Lo .38 N
LY .66 .62 .59 .56 .52 RTe 46 43 4o .38
45 .68 .6l .61 .58 .54 .51 .48 45 42 Lo
.46 .70 67 .64 .60 .58 .54 .51 .48 46 i)
L7 13 .70 .66 .63 .60 .56 .54 .50 .48 45
.48 .76 .72 .69 .66 .62 .59 .56 .53 .50 .48
kg .78 Th T2 .68 .65 .62 .58 .56 .53 .50
.50 .80 T STh .70 .68 .64 .61 .58 .56 .52




PN(A) .21 .22 .23 24 25 .26 27 .28 .29 .30
PSN(A)

.51 .83 .80 .76 T3 .70 .66 6L .60 .58 .55
.52 .86 .82 .79 .76 .72 .69 .66 .63 .60 .58
.53 .88 .84 .82 .78 .75 .72 .68 .66 .63 .60
.5k .90 .87 .8k .80 .78 .Th TL .68 .66 .62
.55 .9k .90 87 .8k .80 7 e Rrat .68 .66
.56 .96 .92 .89 .86 .82 .79 76 T3 .70 .68
.57 .98 .95 .92 .88 .86 .82 .79 .76 LTh .70
.58 1.00 .97 .9k .90 .88 .8h .81 .78 .76 .72
.59 1.0k 1.00 97 el .90 .87 8L .81 .78 (S
.60 1.06 1.02 1.00 .96 .93 .90 .86 8L .81 .78
61 1.08 1.05 1.02 .98 .96 .92 .89 .86 .8k .80
.62 1.11 1.08 1.0k 1.01 .98 .9k .92 .88 .86 .83
.63 1.14 1.10 1.07 1.0k 1.00 .97 .94 .9L .88 .86
.64 1.16 1.13 1.10 1.06 1.0k 1.00 .97 .94 .92 .88
.65 1.19 1.16 1.12 1.09 1.06 1.02 1.00 .96 .94 .91
€6 1.22 1.18 1.15 1.12 1.08 1.05 1.02 .99 .96 .94
.67 1.24 1.2 1.18 1.14 1.12 1.08 1.05 1.02 1.00 .96
.68 1.28 1.2k 1.21 1.18 1.14 1.11 1.08 1.05 1.02 1.00
.69 1.31 1.28 1.24 1.21 1.18 1.1 1.12 1.08 1.06 1.03
.70 1.33 1.30 1.26 1.23 1.20 1.16 1.14 1.10 1.08 1.05
el 1.%6 1.32 1.30 1.26 1.23 1.20 1.16 1.1 1.11 1.08
.72 1.38 1.35 1.32 1.28 1.26 1.22 1.19 1.16 1.14 1.10
.73 1.42 1.38 1.35 1.32 1.28 1.25 1.22 1.19 1.16 1.1k
CTh 1.4k 1.h1 1.38 1.3 1.32 1.28 1.25 1.22 1.20 1.16
.75 1.48 1.4 1.h2 1.38 1.35 1.%32 1.28 1.26 1.23 1.20
.76 1.51 1.48 1.hy 1.41 1.38 1.34 1.32 1.28 1.26 1.23
T 1.54 1.51 1.48 1.k44 1.42 1.38 1.35 1.32 1.30 1.26
.78 1.58 1.54 1.51 1.48 1.4 1.41 1.38 1.35 1.32 1.30
.79 1.61 1.58 1.54 1.51 1.48 1.4y 1.k2 1.38 1.%6 1.33
.80 1.64 1.61 1.58 1.54 1.52 1.48 1.45 1.k2 1.40 1.36
.81 1.68 1.65 1.62 1.58 1.56 1.52 1.49 1.46 1.4k 1.40
.82 1.72 1.68 1.66 1.62 1.59 1.56 1.52 1.50 1.47 1.4
.83 1.76 1.72 1.69 1.66 1.62 1.59 1.56 1.53 1.50 1.48
8L 1.80 1.76 1.73 1.70 1.66 1.63 1.60 1.57 1.54 1.52
.85 1.8L 1.81 1.78 1.74 1.72 1.68 1.65 1.62 1.60 1.56
.86 1.88 1.85 1.82 1.78 1.76 1.72 1.69 1.66 1.64 1.60
.87 1.94 1.90 1.87 1.84 1.80 1.77 1.74 1.71 1.68 1.66
.88 1.98 1.94% 1.92 1.88 1.85 1.82 1.78 1.76 1.73 1.70
.89 2.0k 2.00 1.97 1.9 1.90 1.87 1.8k 1.81 1.78 1.76
.90 2.08 2.05 2.02 1.98 1.96 1.92 1.89 1.86 1.84 1.80
.91 2.1h 2.11 2.08 2.04 2.02 1.98 1.95 1.92 1.90 1.86
.92 2.20 2.17 2.14 2.10 2.08 2.04 2.01 1.98 1.96 1.92
.93 2.28 2.24 2.21 2.18 2.14 2.11 2.08 2.05 2.02 2.00
.94 2.36 2.32 2.29 2.26 2.22 2.19 2.16 2.13 2.10 2.08
.95 2.44 2.41 2.38 2.34 2.32 2.28 2.25 2.22 2.20 2.16
.96 2.56 2.52 2.49 2.46 2.42 2.39 2.36 2.33 2.30 2.28
.97 2.68 2.65 2.62 2.58 2.56 2.52 2.49 2.46 2.4% 2.40
.98 2.86 2.82 2.79 2.76 2.72 2.69 2.66 2.63 2.60 2.58
.99 3.12 3.09 3.06 3.02 3.00 2.96 2.93 2.90 2.88 2.84
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PN(A) .31 .32 <33 .34 .35 .36 .37 .38 .39 o)
PSN(A)

0L [-1.82 -1.85 -1.88 -1.91 -1.9% -1.96 -1.99 -2.02 -2.04 -2.06
.02 | -1.54 -1.58 -1.61 -1.64 -1.66 -1.69 -1.72 -1.74 -1.77 -1.80
.03 | -1.38  -1.hk1  -1.4k  -1.47 -1.50 =-1.52 -1.55 -1.58 -1.60 -1.62
Ok | -1.24 21,28 -1.31 -1.33 -1.36 -1.39 -l.k2 -1.h4 -1.47 -1.50
.05 | -1.1y -1.17 -1.20 -1.23 -1.26 -1.28 -1.31 -1.34% -1.% -1.38
.06 f-1.04 -1.08 -1.11 -1.1% -1.16 -1.19 -1.22 -1.24 -1.27 -1.30
.07 .96 -1.00 -1.03 =-1.06 -1.08 -1.11 -1.14 -1.16 -1.19 -1.22
.08 |-.90 =-.9%3 =-.9% -.99 -1.02 -L.04 -1.07 ~-1.10 -l1.12 -1.1k
.09 - .84 - .87 -.90 -.9% - .9 - .98 -1.01 -1.04 -1.06 -1.08
10 |-.78 - .81 -8 -.87 -.90 -.92 -.95 -.98 -1.00 -1.02
A1 |- 72 -6 - 79 - 82 -84y - 87 -.9 -.92 -.95 - .98
12 |- 67 -0 - .74 - 76 - .79 - .82 - .8 - .87 -.9 - .92
13 |- 62 - 66 - .69 - .72 - . -7 -.80 - .82 -.85 - .88
A - .58 - 61 - 6h - 67 - .70 - .72 -.75 -.78 -.80 - .82
A5 |- 5% - 57T - .60 - .63 - .66 - .68 -.71 - .74 - .76 - .78
1€ |- W8 - 52 - .55 -.58 - .60 - .63 - .66 - .68 - .71 - .Th
A7 |- b - 48 - 51 - 5% - 56 - .59 - 62 - 64 - 6T - .70
A8 |- 41 - 4y - 48 - .50 - .53 - .56 - .58 - 6L - .64 - .66
19 |- .38 - k1 - 4k - 7 - 50 - .52 - .55 - .58 - .60 - .62
20 |- 3% - .37 - L0 - 43 - 46 - 48 - .51 - .54 - .56 - .58
21 |- .30 - .34 - .36 - W0 - 42 - 4k - 48 - .50 - .52 - .55
22 |- .26 - .30 - .33 - .36 - .38 - 41 - k4% - W6 - k9 - .52
23 |- .28 - 27 - .30 - .33 - .3 - .38 - .41 - .4 - 46 - .48
2 |- 20 -2 - 26 - .30 - .32 - .34 - .38 - 40 - k2 - 45
25 |- .17 - .20 - .24 - .26 - .29 - .% - .34 - .37 - 40 - .k2
26 |- 14 - 17 - .20 - .23 - .26 - .28 - .3 - .3 - .3 - .38
27 |- .10 - .1 - .17 -.20 - .22 - .25 - .28 - .30 - .33 - .36
28 |-.08 -.11 - .14 - .17 - .20 - .22 - .25 - .28 - .30 - .32
29 |[-.05 -.08 -.12 - .14 - .17 - .20 - .22 - .25 - .28 - .30
.30 |- .02 - .06 - .08 -.12 - .1k - .16 - .20 - .22 - .24 - .27
.31 0 - .0k .06 -.10 =-.12 =-.14 -.18 - .20 - .22 - .25
.32 .04 o] .03 - .06 - .08 - .1 - .14 - .16 - .19 - .22
.33 .06 .03 0 -.03 - .06 =-.08 -.11 - .14 - .16 - .18
3L .10 .06 .03 0 -.02 -.05 -.08 -.10 =-.13 - .16
.35 .12 .08 .06 .02 0 - .02 -.,06 -.08 -.10 - .13
.36 b 11 .08 .05 .02 0 - .03 -.06 - .08 - .10
37 .18 J1h 11 .08 .06 .03 0 - .02 -.05 - .08
.38 .20 .16 L1k .10 .08 .06 .02 0 - .02 -.05
.39 .22 .19 .16 .13 .10 .08 .05 .02 0 - .02
.ho .25 .22 .18 .16 .13 .10 .08 .05 .02 0

1 .28 .24 .21 .18 .16 .13 .10 .08 .05 .02
L2 .30 .27 .24 .21 .18 .16 .13 .10 .08 .06
43 .32 .29 .26 .23 20 .18 .15 .12 .10 .08
R .36 .32 .29 .26 24 .21 .18 .16 .13 .10
45 .38 .3l .31 .28 .26 .23 .20 .18 .15 .12
46 4o 3T .3k .31 .28 .26 .23 .20 .18 .16
A7 43 ko .36 .3k .31 .28 .26 .23 .20 .18
48 46 42 .39 .36 .34 .31 .28 .26 .23 .20
49 .48 Ly 42 .38 .36 .34 .30 .28 .26 .23
.50 .50 L7 L 41 .38 .36 .33 .30 .28 .26




PN(A) .31 .32 .33 .34 .35 .36 <37 .38 .39 RiTe)
Py (4)

.51 .53 .50 46 A 41 .38 .36 .33 .30 .28
.52 .56 52 .49 46 L 41 .38 .36 .33 .30
.53 .58 .5k .52 .18 46 RN 4o .38 .36 .33
.5k .60 57 .54 .51 .48 46 43 Lo .38 .36
.55 .64 .60 57 .54 .52 .49 46 Riv: A .38
.56 .66 .62 .59 .56 .5k .51 .48 46 43 o
57 .68 .65 .62 .59 .56 .5k .51 .48 46 i
.58 .70 .67 .64 .61 .58 .56 .53 .50 48 46
.59 Ry .70 .67 .64 .62 .59 .56 .5k .51 48
.60 .76 .72 .70 .66 .64 62 .58 .56 .5k .51
6l .78 .75 .72 .69 .66 .6k .61 .58 .56 5k
.62 .81 .78 LTh .72 .69 .66 .64 .61 .58 .56
.63 .84 .80 17 LTh .72 .69 66 .64 .61 .58
.64 .86 .83 .80 T .Th .72 .69 .66 6L .62
.65 .89 .86 .82 .80 7 LTh .72 .69 .66 6L
.66 .92 .88 .85 .82 .80 17 e .72 .69 .66
.67 .9h .91 .88 .85 .82 .80 T STh 72 .70
.68 .98 9L .01 .88 .86 .83 .80 .78 .75 .72
.69 1.01 .98 .94 .92 .89 .86 .84 .81 .78 .6
.70 1.03 1.00 .96 .94 .91 .88 .86 .83 .80 .78
.71 1.06 1.02 1.00 .96 .94 .92 .88 .86 8L .81
.72 1.08 1.05 1.02 .99 .96 .94 .91 .88 .86 8L
.73 1.12 1.08 1.05 1.02 1.00 .97 .94 .92 .89 .86
LTh 1.14 1.11 1.08 1.05 1.02 1.00 .97 .94 .92 .90
.75 1.18 1.14 1.12 1.08 1.06 1.04 1.00 .98 .96 .93
.76 1.21 1.18 1.14 1.12 1.09 1.06 1.04 1.01 .98 .96
7 1.24 1.21 1.18 1.15 1.12 1.10 1.07 1.04 1.02 1.00
.78 1.28 1.24 1.21 1.18 1.16 1.13 1.10 1.08 1.05 1.02
.79 1.31 1.28 1.24 1.22 1.19 1.16 1.14 1.11 1.08 1.06
.80 1.34 1.31 1.28 1.25 1.22 1.20 1.17 1.14 1.12 1.10
.81 1.38 1.35 1.%32 1.29 1.26 1.24 1.21 1.18 1.16 1.1k
.82 1.42 1.38 1.%6 1.32 1.30 1.28 1.24 1.22 1.20 1.17
.83 1.46 1.k2 1.39 1.36 1.34 1.31 1.28 1.26 1.23 1.20
.84 1.50 1.46 1.43 1.k0 1.38 1.35 1.32 1.30 1.27 1.2k
.85 1.54 1.51 1.48 1.45 1.h2 1.0 1.37 1.34 1.32 1.30
.86 1.58 1.55 1.52 1.49 1.%6 1.k 1.41 1.38 1.36 1.34
.87 1.64 1.60 1.57 1.54 1.52 1.49 1.46 1.4h 1.41 1.38
.88 1.68 1.64 1.62 1.58 1.56 1.54 1.50 1.48 1.46 1.43
.8y 1.74 1.70 1.67 1.6k 1.62 1.59 1.56 1.54 1.51 1.48
.90 1.78 1.75 1.72 1.69 1.66 1.6k4 1.61 1.58 1.56 1.54
.01 1.84 1.81 1.78 1.75 1.72 1.70 1.67 1.64 1.62 1.60
.92 1.90 1.87 1.84 1.81 1.78 1.76 1.73 1.70 1.68 1.66
.93 1.98 1.94 1.91 1.88 1.86 1.83 1.80 1.78 1.75 1.72
.9k 2.06 2.02 1.99 1.96 1.94 1.91 1.88 1.86 1.83 1.80
.95 2.14 2.11 2.08 2.05 2.02 2.00 1.97 1.94% 1.92 1.90
.96 2.26 2.22 2.19 2.16 2.1k 2.11 2.08 2.06 2.0% 2.00
.97 2.38 2.35 2.32 2.29 2.26 2.24 2.21 2.18 2.16 2.1k
.98 2.56 2.52 2.49 2.46 2.4, 2.4 2.38 2.36 2.33 2.30
.99 2.82 2.79 2.76 2.7% 2.70 2.68 2.65 2.62 2.60 2.58



PN(A) .41 A2 .43 b 45 b6 A7 48 49 .50
PSN(A)

.01 |-2.09 -2.12 -2.14 -2.17 -2.19 =-2.22 -2.2h4 -2.27 2,30 -2.32
.02 [-1.82 -1.85 -1.87 -1.90 -1.92 -1.95 -1.98 -2.00 -2.02 -2.05
.05 |-1.65 -1.68 -1.70 -1.73 -lL.75 -1.78 -1.80 -1.83 -1.86 -1.88
o4 |-1.52 -1.55 -1.57 -1.60 -l1.62 -1.65 -1.68 -1.70 -l.72 -1.75
.05 |-1.41  -1.kk -1.46 -1.49 -1.51 -1.54 -1.56 -1.59 -l.62 -1.6h
.06 |-1.32 -1.35 -1.37 -1..0 -l.k2 -1.45 -1.48 -1.50 -1.52 -1.55
.07 |-1.24 -1.27 -1.29 -1.32 -1.34% -1.37 -1.40 -l.k2  -l.hh -1.h7
.08 |-1.17 -1.20 ~-l1.22 -1.25 -l1.27 =-1.30 ~-1.32 -1.35 -1.38 =-1.Lk0
.09 |-1.11 -1.1% -1.16 -1.19 -1.21 -l.2k -1.26 -1.29 -1.32 -1.3k
.10 |-1.05 -1.08 =-1.10 -1.13 -1.,15 ~-1.18 -1.20 -1.23 -1.26 -1.28
.11 |-1.00 -1.03 -1.05 -1.08 -1.10 ~1.13 =-1.16 -1.18 -1.20 -1.23
12 |- .94 - .98 -1.00 -1.02 -1.04 -1.08 ~-l1.10 ~-l.12 -1.15 -1.18
13 |- .90 - .93 .95 .98 -1.00 -1.035 -1.06 -1.08 -1.10 -1.13
.14 |- .85 -.88 -.9 -.9% =-.95 - .98 -1.00 -1.03 =-1.06 -1.08
.15 |- .81 - .84 - .86 -.89 =~ .91 - .94 .96 - .99 -1.02 -1.04
16 |- .6 - .79 - .81 - .8 - .86 -.89 -.2 -.94% - .96 - .99
A7 |- .72 -5 -7 -.80 -.82 -8 -.8 -.9 -.92 -.9
A8 |- .68 - .72 -4 - .6 -.18 - .82 -8+ -.86 -.89 -.22
19 |- .65 - .68 -.70 -.73 -.15 -.18 -.80 -.8%5 - .86 - .88
20 |- .61 - .64 - 66 - .69 - .71 - .Th - .76 - .79 - .82 - .84
21 |- .58 - .60 - .62 - .66 - .68 -.70 -.713 -.76 -.78 - .80
22 |- .54 - .57 - .59 - .62 - .6k - .67 -.70 - .72 - .Th - .77
2% |- .50 - .54 -.5% -.59 - .61 - .64 - .66 - .69 -.72 ~-.T7h
o |- 48 -.50 -.52 -.5% -.58 - .60 - .63 - .66 - .68 - .70
25 |- 4% - 48 -.50 - .52 - .54 -.58 - .60 - .62 - .65 - .68
26 |- .41 -4k - 46 - .49 - .51 - .54 - .56 - .59 - .62 - .64
27 |- .38 - .1 - .43 - k6 - k8 - 51 - 5k - .56 - .58 - .6l
28 |-.3% -.38 - .40 - .43 - .45 - .48 - .50 -.53 - .56 - .58
29 |- .% -.% -.38 - .40 - .2 - .46 - A48 - .50 - .55 - .56
30 |- .30 - .32 - .3k - .38 - 40 - L2 - 5 - W8 - .50 - .52
31 |- .28 -.3%0 -.% -.% - .38 - .40 - .43 - k6 - .48 - .50
32 |- .2k - 27 - .29 - .32 - .3 - 37 - .40 - k2 - hh - L7
3% |- .21 - .2 - .26 - .29 - .3 - .34 - .36 - .39 - .h2 - Lk
34 |- .18 - .21 - .2%5 - .26 - .28 - .% - .3 -.3 - .38 - il
.35 |- .16 -.18 -.20 -.2k - .26 -.28 -.3 -.34 -.36 - .38
% |- .13 - .16 - .18 -.21 - .23 - .26 -.28 -.31 - .3k - .3
.37 |- .10 -.13 -.15 -.18 -.20 -.23 -.26 - .28 -.30 =~ .33
.8 |- .08 -.10 =-.2 -.16 =-.18 =-.20 -.23 -.26 - .28 =-.3
.39 |- .05 -.08 -.10 -.13 -.15 -.18 =-.20 -.25 - 26 - .28
40 |- .02 -.06 =-.08 -.10 =-.12 =-.16 =-.18 =-.20 - .23 - .26
RN 0 - .03 - .05 .08 -.10 =-.13 =-.16 =-.18 -.20 - .23
42 .03 0 - .02 .05 -.07 -.10 =-.12 -.15 =-.18 - .20
43 .05 .02 0 .05 -.05 -.08 =-.10 =-.13 =-.16 - .18
Ll .08 .05 .03 0 - .02 -.05 =-.08 =-.10 -.13 - .15
45 .10 .07 .05 .02 0 - .05 -.06 - .08 -.10 - .13
L€ .13 .10 .08 .05 .03 0 - .02 -.05 - .08 - .10
A7 .16 12 .10 .08 .06 .02 0 - .02 -.05 - .08
.48 .18 15 .13 .10 .08 .05 .02 0 - .02 - .05
49 .20 .18 .16 .13 .10 .08 .05 .02 0 - .02
.50 .23 .20 .18 .15 .13 .10 .08 .05 .02 0

I8



Py(a) 11 A2 43 bk A5 6 b7 48 b9 50
Poy(4)

.51 .26 .22 .20 .18 .16 12 .10 .08 .05 .02
.52 .28 .25 .23 .20 .18 .15 .12 .10 .08 .05
.53 .30 .28 .26 .22 .20 .18 .15 .12 .10 .08
.5k .33 .30 .28 .25 .23 .20 .18 .15 .12 .10
.55 .36 .33 .31 .28 .26 .23 .20 .18 .16 .13
.56 .38 .35 .33 .30 .28 .25 .22 .20 .18 .15
57 A .38 .36 .33 .31 .28 .26 .23 .20 .18
.58 43 40 .38 .35 .33 .30 .28 .25 .22 .20
.59 46 43 A1 .38 .36 .33 .30 .28 .26 .23
.60 .48 46 L 4o .38 .36 .33 .30 .28 .26
.61 51 .48 46 43 41 .38 .36 .33 .30 .28
.62 .54 .50 48 46 S 4o .38 .36 .33 .30
.63 .56 .53 .51 .48 RIS 43 ko .38 .36 .33
Nan .59 .56 .5k .51 Rt} .46 bl A1 .38 .36
.65 .62 .58 .56 54 .52 .48 46 RN A .38
.66 .64 .61 .59 .56 .5k .51 48 46 Ly RN
67 .67 6L .62 .59 57 .5k .52 49 .46 4y
.68 .70 .67 .65 .62 .60 .57 .5k .52 .50 47
.69 STs .70 .68 .66 .6k .60 .58 .56 .53 .50
.70 .76 T2 .70 .68 .66 .62 .60 .58 .55 .52
Ral .78 .76 LTh .T0 .68 .66 .63 .60 .58 .56
.72 .81 .78 .76 T3 .71 .68 .66 .63 .60 .58
.73 8L .81 .79 .76 ST .71 .68 .66 Nan .61
LTh .87 8L .82 .79 7 Ry .72 .69 .66 .64
.75 .90 .88 .86 .82 .80 .78 15 .72 .70 .68
.T6 .9k .90 .88 .86 n .80 .78 .T6 .73 .70
17 .97 .oh .92 .89 .87 8L .82 .79 .76 STh
.78 1.00 .97 .95 .92 .90 .87 .8l .82 .80 17
.79 1.04 1.00 .98 .96 .9k .90 .88 .86 .83 .80
.80 1.07 1.04 1.02 .99 .97 .94 .92 .89 .86 .84
.81 1.11 1.08 1.06 1.03 1.01 .98 .96 .93 .90 .88
.82 1.1k 1.12 1.10 1.06 1.0k 1.02 .99 .96 .94 .92
.83 1.18 1.15 1.13 1.10 1.08 1.05 1.02 1.00 .98 .95
.84 1.22 1.19 1.17 1.14 1.12 1.09 1.06 1.0k 1.02 .99
.85 1.27 1.24 1.22 1.19 1.17 1.14 1.12 1.09 1.06 1.0k
.86 1.31 1.28 1.26 1.23 1.21 1.18 1.16 1.13 1.10 1.08
.87 1.3%6 1.33 1.31 1.28 1.26 1.2% 1.20 1.18 1.16 1.13
.88 1.40 1.38 1.36 1.32 1.30 1.28 1.25 1.22 1.20 1.18
.89 1.46 1.43 1.41 1.38 1.3%6 1.33 1.30 1.28 1.26 1.23
.90 1.51 1.48 1.46 1.43 1.4 1.38 1.36 1.33 1.30 1.28
.91 1.57 1.54 1.52 1.49 1.47 1.h44 1.42 1.39 1.36 1.3
.92 1.63 1.60 1.58 1.55 1.53 1.50 1.48 1.45 1.h2 1.40
.93 1.70 1.67 1.65 1.62 1.60 1.57 1.54 1.52 1.50 1.47
.9k 1.78 1.75 1.73 1.70 1.68 1.65 1.62 1.60 1.58 1.55
.95 1.87 1.84 1.82 1.79 1.77 1.74 1.72 1.69 1.66 1.64
.96 1.98 1.95 1.93 1.90 1.88 1.85 1.82 1.80 1.78 1.75
.97 2.11 2.08 2.06 2.0% 2.01 1.98 1.96 1.9% 1.90 1.88
.98 2.28 2.25 2.23 2.20 2.18 2.15 2.12 2.10 2.08 2.05
.99 2.55 2.52 2.50 2.47 2.45 2.h2 2.48 2.37 2.34 2.32



PN(A) .51 .52 .53 Sh .55 .56 .57 .58 .59 .60
Pan(A)

0L | -2.34  -2.37  -2.40 -2.42 22,45 247 -2.50 2,52 -2.55 -2.58
.02 | -2.08 -2.10 -2.12 -2.15 -2.18 2,20 -2.23 2,25 -2.28 -2.30
.03 | -1.90 -1.93 -1.96 -1.98 -2.01L -2.03 -2.06 -2.08 -2.11 -2.1L
.ot | -1.78 -1.80 -1.82 -1.85 -1.88 -1.90 -1.95 -1.95 -1.98 -2.00
.05 [ -1.66 -1.69 -1.72 -l.7% -1.77 -1.79 -1.82 -1.84% -1.87 -1.90
.06 | -1.58 -1.60 -1.62 -1.65 -1.68 ~-1.70 -1.73 =-lL.75 -1.78 -1.80
.07 | -1.50 -1.52 ~1.54 -1.57 -1.60 -1.62 -1.65 -1.67 -1.70 -1.72
.08 | -1.42  -1.45 -1.48 -1.50 -1.5% -1.55 -1.58 -1.60 -1.63 -1.66
.09 | -1.36 -1.39 -l.h2 -1l.4k -1.47 -1.49 -1.52 -1.54% -1.57 -1.60
10 | -1.30  -1.33 -1.36 -1.38 -l.41 -1.43 -1.46 -1.48 -1.51 -1.54
A1 | -1.26 -1.28  -1.30 -1.3% -1.3 -1.38 -1.41 -1.43% -1.46 -1.48
Jd2 | -1.20 -1.22 -1.25 -1.28 -1.30 -1.32 -1.36 -1.38 -1.40 -1.43
.13 | -1.16  -1.18 -1.20 -1.23 -1.26 -1.28 -1.31 -1.33 -1.3 -1.38
Ak -1.10 -1.13  -1.16  -1.18 -1.21 -1.23 -1.26 -1.28 -1.31 -1.3h
15 | -1.06  -1.09 -l.12 -l.1k -1,17 -1.,19 -1.22 -1.24 -1.27 -1.30
.16 | -1.02  -1.04 -1.06 -1.09 -1.12 -1.1% -1.17 -1.19 -1.22 -1.24
A7 |- .98 -1.00 -1.02 -1.05 -1.08 -1.10 -1.13 -1.15 -1.18 -1.20
18 |- 9% - .96 - .99 -1.02 -1.04 -1.06 -1.,10 -l.12 -1.1k  -1.17
19 |- .90 - .9% - .9% - .98 -1.01 -1.03 -1.06 -1.08 -1.11 -1.1h
.20 |- .86 -.89 -.92 -.9% - .97 -.99 -1.02 -1.04 -1.07 -1.10
21 |-.83 -.86 -.88 -.9 -.9% -.9% -.98 -1,00 -1.04 -1.06
22 |-.8 -.82 -8 -.87 -.90 -.92 -.9 - .97 -1.00 -1.02
23 |- .16 -.79 - .82 - .8 -.87 -.89 -.92 ~-.9% - .97 -1.00
2h -3 -6 -8 - 80 - 8 -8 - .88 -.90 - .9% - .9
25 [(-.70 -2 -.75 -.718 -.80 -.8 -.86 -.8 -.9 -.9%
26 |- 66 - .69 -.72 -.T% -7 -.79 -.82 -.8y - .87 -.90
27 |- 6 - 66 - 68 - 7L -7 - 76 - .79 - .81 - .84 - .86
.28 |- .60 - .63 - .66 - .68 -.71 -.73 -.76 - .78 - .81 - .8
.29 |- .58 - .60 - .63 - .66 - .68 -.70 - .74 - .76 - .78 - .81
.30 {- .55 - .58 - .60 - .62 - .66 - .68 - .70 -.72 - .76 - .78
31 |- .53 - .56 - .58 - .60 - .64 - 66 - .68 - .70 - .Th - .76
.32 |- .50 =~-.5%2 - .54 -.5T - .60 - .62 - .65 - .6 - .70 - .72
33 |- 46 - k9 - 52 - 54 - .57 - .59 - .62 - .64 - 6T - .70
3 [~ by - 46 - 48 - 51 - 54 - 56 - .59 - .61 - .6h - .66
235 |- 1 - 4k - k6 - W8 - 52 - 54 - 56 - .58 - .62 - .64
.36 |- .38 - 41 - 44 - 6 - 49 - 51 - 5k - 56 - .59 - .62
37 |- .3 - .38 - 40 - A3 - 4 - 48 - 51 - .53 - .56 - .58
38 (- .33 - .3 - .38 - 40 - .4k - 46 - 48 - .50 - .54 - .56
.39 |- .30 - .33 - %6 - .38 - 41 - 43 - 46 - A48 - 51 - .54
Lo |- .28 - .30 - .33 - .36 - .38 - 40 - 4k - 46 - 48 - .51
A1 |- 26 - 28 - .30 - .33 - .3 - .38 - 41 - 43 - 46 - .48
o - 22 - 25 - 28 - .30 - .33 - .3 - .38 - k0 - .43 - 46
A3 |- 20 - 23 - 26 - .28 - .31 - .33 - .36 - .38 - 41 - 4k
Ao |- 18 - 20 - 22 - .25 - .28 - .30 - .33 - .35 - .38 - .40
L5 |- 16 - .18 - .20 - .23 - 26 - .28 - .31 - .33 - .3 - .38
A6 |- 12 - 15 - 18 - .20 - .23 - .25 - .28 - .30 - .33 - .36
A7 -0 -2 -1 - .18 - .20 - .22 - .26 - .28 - .30 - .3%
A48 |- .08 -.10 -.12 -.15 -.,18 -.20 =-.23 -.25 - .28 - .%0
A9 -5 -.08 -.10 -.12 -.16 =-.18 -.20 -.2 -.26 - .28
.50 |- .02 -.05 -.08 -.10 =-.13 -.15 -.18 -.20 - .23 - .26
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Py(A) .51 .52 .53 .5k .55 56 5T .58 <59 .60

PSN(A)

.51 0 -.02 -.05 -.08 -.10 =-.12 =-.16 - .18 - .20 - .23
.52 .02 0 -.02 -.05 -.08 -.10 =-.13 -.15 - .18 - .20
.53 .05 .02 0 - .02 -.06 -.08 -.10 -.12 -.16 - .18
.5k .08 .05 .02 0 -.05 -.05 -.08 =-.10 -.13 - .16
.55 .10 .08 .06 .03 0 - .02 =-.05 =-.0T =-.10 =-.12
.56 .12 .10 .08 .05 .02 o] - .03 -.,05 =-.08 - .10
.57 .16 .13 .10 .08 .05 .03 0 - .02 -.05 - .08
.58 .18 .15 .12 .10 .07 .05 .02 0 - .03 - .06
.59 .20 .18 .16 .13 .10 .08 .05 .03 0 - .02
.60 .23 .20 .18 .16 12 .10 .08 .06 .02 0

.61 .26 .23 .20 .18 .15 .13 .10 .08 .05 .02
.62 .28 .26 .23 .20 .18 .16 .12 .10 .08 .05
.63 .30 .28 .26 .23 .20 .18 .15 .13 .10 .08
.64 .34 .31 .28 .26 .23 .21 .18 .16 .13 .10
.65 .36 .34 .31 .28 .26 2k .20 .18 .16 .13
.66 .38 .36 L34 .31 .28 .26 .23 .21 .18 .16
.67 b2 .39 .36 W34 .31 .29 .26 .24 .21 .18
.68 iy 42 4o 3T .34 .32 .29 27 .24 .22
.69 .18 L6 43 4o .38 .36 .32 .30 .28 .25
.70 .50 .48 45 T ko .38 3L .32 .30 .27
ol .53 .50 .48 46 A2 Lo .38 .36 .32 .30
.72 .56 .53 .50 .48 .45 43 ko .38 .35 .32
.T3 .58 .56 .54 .51 .48 L6 43 A1 .38 .36
STh .62 .59 .56 .54 .51 RIXe) L6 Ll A1 .38
.75 .65 .62 .60 .58 .54 .52 .50 .48 il 42
.76 .68 .66 .63 .60 .58 .56 .52 .50 .48 45
T .72 .69 .66 6L .61 .59 .56 5k .51 .48
.78 CTh .72 .70 .67 .64 .62 .59 57 .54 .52
.79 .78 .76 .73 .70 .68 .66 .62 .60 .58 .55
.80 .82 .79 .76 T4 .71 .69 .66 6L .61 .58
.81 .86 .83 .80 .78 NG T3 .70 .68 .65 .62
.82 .89 .86 .84 .82 .78 .76 R .72 .68 .66
.83 .92 .90 .88 .85 .82 .80 7 .75 .72 .70
.84 .96 .94 .92 .89 .86 .84 .81 .79 .76 LTh
.85 1.02 .99 .96 .ol .91 .89 .86 .84 .81 .78
.86 1.06 1.03 1.00 .98 .95 .93 .90 .88 .85 .82
.87 1.10 1.08 1.06 1.03 1.00 .98 .95 .93 .90 .88
.88 1.15 1.12 1.10 1.08 1.04 1.02 1.00 .98 .94 .92
.89 1.20 1.18 1.16 1.13 1.10 1.08 1.05 1.03 1.00 .98
.90 1.26 1.23 1.20 1.18 1.15 1.13 1.10 1.08 1.05 1.02
.91 1.32 1.29 1.26 1.24 1.21 1.19 1.16 1.14 1.11 1.08
.92 1.38 1.35 1.32 1.30 1.27 1.25 1.22 1.20 1.17 1.14
.93 1.4k 1.h42 1.k0 1.37 1.3h4 1.32 1.29 1.27 1.24 1.22
.9k 1.52 1.50 1.48 1.45 1.h2 1.%0 1.37 1.35 1.32 1.30
.95 1.62 1.59 1.56 1.54 1.51 1.49 1.46 1.hh 1.41 1.38
.96 1.72 1.70 1.68 1.65 1.62 1.60 1.57 1.55 1.52 1.50
.97 1.86 1.83 1.80 1.78 1.75 1.73 1.70 1.68 1.65 1.62
.98 2.02 2.00 1.98 1.95 1.92 1.90 1.87 1.85 1.82 1.80
.99 2.30 2.27 2.24 2.22 2.19 2.17 2.14 2.12 2.09 2.06
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PN(A) 61 .62 .63 6k .65 66 67 .68 .69 .70
PSN(A)

0l | -2.60 -2.62 -2.65 -2.68 -2.70 =2.73 =2.76 -2.79 -2.82 -2.84
.02 | -2.33  -2.36 -2.38 -2.41 -2.44 -2.46 -2.49 -2.52 -2.56 -2.58
.03 | -2.16 -2.18 -2.21 -2.2% -2.26 -2.29 -2.32 -2.35 -2.38 -2.40
.04 | -2.03 -2.06 -2.08 -2.11 2,14 -2.16 -2.19 -2.22 -2.26 -2.28
.05 | -1.92  -1.9% -1.97 -2.00 -2.02 -2.05 -2.08 -2.11 2.1k -2.16
.06 | -1.83 -1.86 -1.88 -1.91 -1.9% -1.96 -1.99 -2.02 -2.06 -2.08
.07 | -1 -1.718 -1.80 -1.85 -1.86 -1.88 -1.91 -1.9% -1.98 -2.00
.08 | -1.68 -1.70 -1.73 -1.76 -1.78 -1.81 -1.84 -1.87 -1.90 -1.92
.09 | -1.62 -1.64 -1.67 -1.70 -l.72 -1.75 -1.78 -1.81 -1.84% -1.86
.10 { -1.56 -1.58 -1.61 -1.6h -1.66 -1.69 -1.72 -1.75 -1.78 -1.80
.11 | -1.51  -1.5% -1.56 -1.59 -l.62 -1.64 -1.67 -1.70 -l.7h -1.76
.12 | -1.46 -1.48 -1.50 -1.54 -1.56 -1.58 -1.62 -1.64 -1.68 -1.70
13 | -1.41 0 1.k <146 1,49 -1.52  -1.54  -1.57 -1.60 -1.64 -1.66
b -1.36  -1.38  -1.h1 -1.Wh -1.46 -1.49  -1.52  -1.55 -1.58 -1.60
15 | -1.32 -1.34  -1.37 -1.40 -1.k2 -1.45 -1.48 -1.51 -1.54 -1.56
16 | -1.27 -1.30 -1.32 -1.35 -1.38 -1.40 -l1.43 -1.46 -1.50 -1.52
17 | -1.23  -1.26 -1.28 -1.31 -1.3% -1.36 -1.39 -1.42 -1.k6 -1.48
18 | -1.20 -l1.22  -l1.2h  -1.28 -1.30 -1.%2 -1.36 -1.38 -l.hk2  -1.hk4
19 | -1.16  -1.18 -l1.21 -1.24  -1.26 -1.29 -1.32 -1.35 -1.38 -1.40
.20 | -1.12  -1.1% -1.17 -1.20 -l.22 -1.25 -1.28 -1.31 -1.34 -1.36
21 | -1.08 -1.11 -1.14 -1.16 -1.19 -1.22 -1.24 -1.28 -1.31 -1.33
22 | -1.05 -1.08 -1.10 =-1.13 -1.16 -1.18 =-l1.21 -l1.24 -1.28 -1.30
.23 | -1.02 -1.04 -1.07 =-1.10 -l.12 -1.15 -1.18 -l1.21 -l.24 -1.26
24 | - .98 -1.00 -1.06 -1.06 -1.09 =1.12 -1.14 -1.18 -1.21 -1.23
25 |- .9 - .98 -1.00 -1.04 -1.06 -1.08 -1.12 -1.1k -1.18 -1.20
26 | - .92 - .94 .97 -1.00 -l1.02 -1.05 -1.08 -1.11 -1.14 -1.16
27 |- .89 -.92 -.9% -.97 -1.00 -1.02 -1.05 -1.08 -1.12 -l.14
28 |-.86 -.8 -.90 -.9% - .9 =-.99 -1.02 -1.05 =-1.08 ~-1.10
29 | - .84 - .8 -.8 -.9%2 -.9%% -.9% -1.00 -1.02 -1.06 -1.08
.0 |- .80 -.83 - .86 -.88 -.91 - .9% -.9% -1.00 -1.03 -1.05
3 |[-.18 -.81 -.8 -.86 -.89 -.9%2 -.9% -.98 -1.01 -1.03
32 |-.75 -.18 -.80 =-.83% -.86 -.88 -.91 -.9% -.98 -1.00
33 |- 72 -y -7 -.80 -.82 -.8 -.88 -.91 - .9k - .06
By |- 69 -.72 - .4 -.77 -.80 =-.82 -.85 -.88 -.92 - .9
35 |- 66 - .69 -.72 -4 -7 -.80 -.82 -.86 -.89 -.01
36 | - 4 - 66 - .69 =-.72 -4 -7 -.80 -.8%3 - .86 - .88
37 | - 61 - 6h - 66 - 69 - .72 - Tk - 77 - .80 - .84 - .86
.38 | - .58 - .61 - .6k - .66 - .69 - .72 - .Th - .78 - .81 - .83
39 [ - .56 - .58 - 61 - .64 - .66 - .69 -.72 -.75 -.78 - .80
4o | - 5% - .56 - .58 - 62 - .64 - .66 .70 - .72 =-.76 - .78
L1 [ - .51 - .54 - .56 - .59 - .62 - .64 - 67 - .70 - .Th - .76
b2 | - 48 -5 -.53 -.56 - .58 - .61 - .6k - .67 - .70 - .72
L3 [ - - 48 - .51 - .54 - .5 -.59 - .62 - .65 - .68 - .70
Ay | -3 - 46 - 48 - .50 - .54 - .56 - .59 - .62 - .66 - .68
A5 1 - 41 - ik - W6 - b9 - 52 - .54k - .57 - .60 - .64 - .66
L6 | - 38 - 0 - 43 - 46 - 48 - .51 - .5k - .57 - .60 - .62
A7 -3 - .38 - L0 - kb - 46 - M8 - .52 - .54 - .58 - .60
48 | - .33 - .3% - .38 - .41 - .44 - 46 - k9 - .52 - .56 - .58
A9 - 30 - .33 - .36 - .38 - 41 - 44 - k6 - .50 - .55 - .55
50 | - .28 - .30 - .33 - .3 - .38 - .1 - .4k - 47 - .50 - .52
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Py(a)

Poy(4)

.52
.53
.5k
.55
.56
57
.58
.59
.60

.61
.62

yan
.65
.66
67
.68
.69
.70

Rat
.72
.73

-5
.76
N
.78
.19
.80

.81
.82
.83
.8l
.85
.86
87
.88
.89
.90

.91
.92
.93
.9k
.95
.96
97
.98
.99

61 .62 .63 64 65 .66 67 .68 .69 70
- .26 - .28 -.30 - .3 -.3% =-.38 -.A2 - .4 - .48 - .50
- 2% - .26 -.28 -.3 - .3 -.3% -.39 -.2 - .46 - .48
- .20 -.23 - .26 - .28 -.31 - .3k -.3 - .h0 - .43 - .45
- .18 -.20 =-.2% - .26 -.28 - .31 - .34 - .37 - .40 - .k2
-.15 =-.18 =-.20 -.23 =-.26 =-.28 -.31 -.3 -.38 -.k0
-.13% -.14 -.18 -.21 -.24 =-.26 -.29 -.32 -.3% - .38
-0 =-.12 =-.15 =-.18 =-.20 -.23 =-.26 =-.29 - .3 - .34
-.08 -.10 =-.13% =-.16 =-.18 ~-.21 - .24 -.27T - .30 =~ .32
-.05 -.08 -.0 -.13 -.16 -.18 =-.21 -.24b - .28 - .30
-.02 =-.05 -.08 -.10 =-.13% =-.16 -.18 -.22 -.25 -.27
0 - .02 -.05 -.08 -.10 =-.13 -.16 =-.19 - .22 - .2k
.02 0 - .02 .06 - .08 -.10 - .1k =-.16 =-.20 ~-..22
.05 .02 0 - .05 -.06 -.08 -.11 -.l4 -.18 - .20
.08 .06 .03 0 - .02 -.05 -.08 -.11 -.14 - .16
.10 .08 .06 .02 0 - .02 - .06 =-.08 -.12 = .14
.13 .10 .08 .05 .02 0 - .05 - .06 - .10 - .l2
.16 i a1 .08 .06 .03 .0 - .03 - .06 - .08
.19 .16 L1k 1 .08 .06 .03 0 - .0k - .06
.22 .20 .18 e .12 .10 .06 .04 0 - .02
.2k .22 .20 .16 i 12 .08 .06 .02 0
.28 .25 .22 .20 A7 L1k .12 .08 .05 .03
.30 .28 .25 .22 .20 A7 14 11 .08 .06
.33 .30 .28 .25 .22 .20 17 1L .10 .08
.36 .3k .31 .28 .26 .23 .20 17 1k .12
.bo 37 .34 .32 .29 .26 .24 .20 A7 .15
b2 Lo .38 .34 .32 .30 .26 2k .20 .18
A6 Ll A1 .38 .36 .33 .30 .27 .24 .22
b9 46 Ll b1 .38 .36 .33 .30 .26 .24
.52 .50 18 Lk A2 Lo .36 .3l .30 .28
.56 .54 .51 .48 .46 W43 .40 .37 .34 .32
.60 .58 .55 .52 .50 A7 Riv A1 .38 .36
yan .61 .58 .56 .53 .50 .48 Ry L1 .39
67 Nan .62 .59 .56 .54 .51 48 R L2
Nl .68 .66 .63 .60 .58 .55 .52 .48 L6
.76 STh .71 .68 .66 .63 .60 .57 .5k .52
.80 .78 .75 .72 .70 .67 qan .61 .58 .56
.85 .82 .80 T RN .72 .69 .66 .62 .60
.90 .87 .8 .82 .79 .76 T4 .70 .67 .65
.95 Nep) .90 .87 .84 .82 .79 .76 .72 .70
1.00 .98 .95 .92 .90 .87 Bl .81 .78 .76
1.06 1.04 1.01 .98 .96 .93 .90 87 .8l .82
1.12 1.10 1.07 1.0L 1.02 .99 .96 .93 .90 .88
1.19 1.16 1.14 1.11 1.08 1.06 1.03 1.00 .96 .oh
1.27 1.24 1.22 1.19 1.16 1.1h 1.11 1.08 1.0k 1.02
1.36 1.34 1.31 1.28 1.26 1.23 1.20 1.17 1.14 1.12
1.47 1.4 1.h2 1.39 1.36 1.34 1.31 1.28 1.2h 1.22
1.60 1.58 1.55 1.52 1.50 1.47 1.h% 1.41 1.38 1.3%6
1.77 1.7h4 1.72 1.69 1.66 1.64 1.61 1.58 1.54 1.52
2.04 2.02 1.99 1.96 1.94 1.91 1.88 1.85 1.82 1.80
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.73 JTh 75 .76 R .78 .79 .80
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PN(A) .71 .72 .73 oTh 75 () 7 .78 .79 .80
PSN(A)

5L |-.55 -.56 -.58 - .62 -.65 -.68 -.12 -.7&% -.718 - .82
.52 |- .50 -.53 - .56 =-.59 - .62 - .66 - .69 =-.72 -.76 -.79
5% |- .48 -.50 - .54 - .56 - .60 - .63 - .66 - .70 - .73 - .76
Sk |- .46 - .48 -.51 -.54 - .58 - .60 - .6k - .6T - .70 - .Th
55 |- 42 - 45 - 48 - .51 - .54 - .58 - .61 - .64 - .68 - .71
56 |- 40 - 43 - 46 - 49 - .52 - .56 - .59 - .62 - .66 - .69
57 |- .38 - b0 - .43 - 46 - .50 - .52 - .56 - .59 - .62 - .66
58 |- .3 - .38 - .41 - 44 - 48 - .50 - 5k - .57 - .60 - .64
59 |- .32 - .35 - .38 - 41 - 44 - 48 - .51 - .54 - .58 - .61
60 |- .30 - .32 - .3 - .38 - 42 - .45 - 48 - .52 - .55 - .58
6l |- .28 -.30 -.33% - .3 - .40 - .42 - .46 - .49 - .52 - .56
b2 |- .25 - .28 -.%0 - .34 - .37 - .40 - .44 - k6 - .50 - .54
63 |- .22 - .25 - .28 -.3 - .34 - .38 - 41 - 4k - 48 - .51
by |- .20 - .22 -.25 - .28 - .32 - .34 -.38 - .41 - .4k - .18
65 |- .17 - .20 - .22 - .26 - .29 - .3 -.3 - .38 - 42 - L6
66 |- Ak - 17 - .20 - .23 - .26 - .30 = .33 - .3 - .40 - .43
67 |- .12 - 14k - 17 - .20 - .24 - .26 - .30 - .33 - .36 - .40
68 |-.08 -.11 -.1} - .17 - .20 =.24 - .27 =-.30 - .34 - .37
69 |- .05 - .08 -.10 =-.14 -.17 =-.20 - .24 - .26 - .30 - .34
.70 |- .03 - .06 -.08 -.,12 =-.15 =-.18 =-.22 -.24 - .28 - .3
Al 0 - .02 -.06 -.08 -.12 -.15 -.,18 -.2 -.25 - .28
.72 .02 0 - .03 -.06 =~-.10 =-.12 =-.16 =-.19 - .22 - .26
T3 .06 .03 o] - .03 -.06 =-.10 =-.13 - .16 =-.20 - .23
LTh .08 .06 .03 0 - .0y -.,06 -.10 =-.13 - .16 =~ .20
.75 .12 .10 .06 Nollt 0 - .03 -.06 =-.10 =-.13 - .16
.76 .15 .12 .10 .06 .03 0 - .04 - .06 - .10 - .1k
T .18 .16 .13 .10 .06 .0k o} - .03 - .06 - .10
.78 .22 .19 .16 .13 .10 .06 .03 0 - .04 - .07
.79 .25 .22 .20 .16 .13 .10 .06 .0k 0 - .04
.80 .28 .26 .23 .20 .16 L1k .10 .07 .0b 0
.81 .32 .30 .27 2 .20 .18 N 11 .08 .ol
.82 .36 i .30 .28 24 .21 .18 e 11 .08
.83 4o 3T L3 .31 .28 24 .21 .18 14 1
8L RV A1 .38 .35 .32 .28 .25 .22 .18 .15
.85 .48 46 43 .40 .36 .34 .30 .27 24 .20
.86 .52 .50 Wl 4 Uk .40 .38 W34 .31 .28 .24
.87 .58 .55 .52 49 46 A2 .39 .36 .32 .29
.88 .62 .60 .56 5k .50 L7 Lk Lo 37 J3h
.89 .68 .65 .62 .59 .56 .52 .49 46 J2 .39
.90 .72 .T0 67 .64 .60 .58 5k .51 .48 i
.91 .78 .76 T3 .70 .66 .6k .60 57 .54 .50
.92 .8k .82 <79 .76 .72 .70 .66 .63 .60 .56
.93 .92 .89 .86 .83 .80 .76 T3 .T0 .66 .63
9L 1.00 .97 .94 .91 .88 .84 .81 .78 STh .TL
.95 1.08 1.06 1.03 1.00 .96 .94 .90 .87 .84 .80
.96 1.20 1.17 1.14 1.11 1.08 1.04 1.01 .98 .94 .91
.97 1.32 1.30 1.27 1.24 1.20 1.18 1.14 1.11 1.08 1.04
.98 1.50 1.h7 1.4y 1.41 1.38 1.3k 1.31 1.28 1.24 1.21
.99 1.76 1.7h 1.71 1.68 1.64 1.62 1.58 1.55 1.52 1.48
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PN(A) .81 .82 .83 .8l .85 86 .87 .88 .89 .90
PSN(A)

.51 |- .86 -.89 - .92 -.96 -1.02 -1.06 -1.10 =-1.15 -1.20 -1.26
52 |- .83 - .86 -.9 - .9%% -.99 -1.05 -1.08 -l.12 -1.18 -1.23
5% (- .80 - .84 -8 -.92 - .96 -1.00 =-1.06 =-1.10 =-1.16 -1.20
5k |- .78 - .82 -8 -.89 -.9% -.,98 -1.035 -1.08 -1.13 -1.18
.55 |- -.718 - .8 -.86 -.91 -.9 -1.00 -1.04 =-1.10 -1.15
56 |- .73 - .16 -.80 -.84 -.89 -.95 - .98 -1.02 -1.08 ~-l1.13
.57 |-.70 - 7% - 77 -8 -.86 -.90 -.9% -1.00 =1.05 =-1.10
58 |- .68 -2 -5 -.79 - .84 -8 -.93 -..98 -1.03 -1.08
.59 |- .65 - .68 - .72 -.76 -.81 -.85 -.90 - .9% -1.00 -1.05
.60 |- 62 - 66 -.70 - .74 - .78 -.82 -.88 -.92 -.98 -1.02
61 |- 60 - .64 - .67 -.7L - .76 -.80 =-.85 -.90 - .95 -1.00
62 |- .58 - 61 - .6k - .68 - .7h - .78 - .82 - .87 -.92 - .98
63 - .55 - .58 - .62 -.66 -.71 -.75 -.80 -.8 -.90 - .95
b |- .52 - .56 - .59 - .63 - .68 -.72 -.77 -.82 -.87 - .92
65 |- .50 - .53 - .5 - .60 - .66 - .70 - .4 -.79 -.8% - .9
66 (- 47 - .50 - .54 - .58 - .63 - .67 -.72 -.76 - .82 - .87
67 |- 44 - 48 - .51 - .55 - .60 - .64 - .69 - .7Th - .79 - .84
68 |- 1 - bk - 48 - 52 - 57 - 6L - 66 - .70 - .76 - .81
69 [- .38 - 41 - 44 - 48 - .54 - .58 - .62 - .67 - .72 - .78
70 |- 36 - 039 - 42 - W6 - 52 - 56 - .60 = .65 - .70 - .76
1 |- 320 - .36 - 0 - Bk - 8 - 52 - .58 - 62 - .68 - .72
2 |- 300 - 3k - 037 - 41 - 46 - .50 - .55 - .60 - .65 - .70
3 (- .27 - .30 - 34 - .38 - 43 - 47 - 52 - .56 - .62 - .67
S - 2% - 28 - 31 - .3 - 40 - 44 - 49 - 54 - .59 - 64
75 - .20 - .24 - 28 - .32 - .3 - .40 - .46 - .50 - .56 - .60
76 |- .18 - .21 - 2y - 28 - 34 - .38 - 42 - 47 - .52 - .58
7 |- 1y - 18 - 21 - 25 - .30 - .34 - .39 - 4k - k9 - 54
.18 |- .11 - 1k - 18 - .22 - 27 -.31 - .3 - .40 - 46 - .51
79 |- .08 - .11 - .1k - .18 - 24 - .28 - .32 - .37 - k2 - 48
8o |- .04 -.08 -.11 -.15 -.20 - .24 - .29 - .34 - .39 - .hk
.81 0 - .0k -.07 -.1 =-.16 =-.20 =-.25 =-.30 - .35 - .k
.82 .04 0 - .04 08 - 12 - 16 - .22 - 26 - .32 - .36
.83 .07 .0k 0 - .0 -.09 -.13 - .18 - .22 - .28 - .33
.8l .11 .08 .04 0 -.05 -.09 =~-.l4 -.18 - .24 - .29
.85 .16 12 .09 .05 0 - .0k -.09 - .14 - .19 - .24
.86 .20 .16 .13 .09 ol 0 - .05 =-.10 =-.15 - .20
.87 .25 .22 .18 1L .09 .05 0 - .0k - .10 - .15
.88 .30 .26 .22 .18 i .10 .04 0 - .06 - .10
.89 .35 ) .28 24 .19 15 .10 .06 0 - .05
.90 4o .36 .33 .29 .2k .20 .15 .10 .05 0
.91 46 42 .39 .35 .30 .26 .21 .16 W11 .06
.92 .52 .48 45 41 .36 .32 27 .22 17 .12
.93 .59 .56 .52 .48 43 .39 s .30 2L .19
.9k 67 .64 .60 .56 .51 Rl It .38 .32 .27
.95 .T6 .72 .69 .65 .60 .56 .51 46 41 .36
.96 .87 .84 .80 .76 el .67 .62 .58 .52 A7
.97 1.00 .96 .93 .89 .84 .80 .75 .70 .65 .60
.98 1.17 1.1k 1.10 1.06 1.01 .97 .92 .88 .82 T
.99 1.44 1.40 1.37 1.33 1.28 1.24 1.19 1.14 1.09 1.0k
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P.(a) .91 .92 .93 9k .95 %6 97 .98 99
Pey(4)

51 | -1.32  -1.38  -l.44  -1.52 -1.62 -1.72 -1.86 -2.02 -2.30
.52 |-1.29 -1.35 -l.42 -1.50 -1.59 -1.70 -1.8% -2.00 -2.27
5% |-1.26 -1.32 -1.4b0 -1.48 -1.56 -1.68 -1.80 -1.98 -2.24
Sho[-1.24 -1.30 -1.37 -1.45 -1.54 -1.65 -1.78 -1.95 -2.22
.55 [-1.21 -1.27 -1.34 -l.42 -1.51 -l.62 -=1.75 -1.92 -2.19
.56 | -1.19 -1.25 -1.32 -1.40 -1.49 -1.60 -1.73 -1.90 -2.17
57 |-1.16 -l1.22 -1.29 -1.37 -l.46 -1.57 -1.70 -1.87 -2.1k4
58 | -1.14  -1.20 -1.27 -1.35 -1.W4 -1.55 -1.68 -1.85 -2.12
.59 |-1.11 -1.17 -l.24 -1.32 -1.41 -1.52 -1.65 -1.82 -2.09
.60 |-1.08 -1.14 -1.22 -1.30 -1.38 -1.50 -1.62 -1.80 -2.06
.61 [-1.06 -l1.12 -1.19 =-l1.27 =-1.36 -l.47 -1.60 -1.77 -2.04
.62 [-1.04 -1.10 -1.16 -l.24 -1.34 -1.4h -1.58 -1.7h -2.02
.63 |-1.01 -1.07 -l.1k -1.22 -1.31 -l1.h2 -1.55 -1.72 -1.99
.64 - .98 -1.04 -1.11 -1.19 -1.28 -1.39 -1.52 -1.69 -1.96
.65 |- .96 -1.02 -1.08 -1.16 -1.26 -1.3 -1.50 -1.66 -1.94
66 |- .93 - .99 -1.06 -l.14 -1.23 -1.34 -1.47 -1.64 -1.91
67 |- .90 - .9 -1.05 -1.11 -1.20 -1.31 -1l.44 -1.61 -1.88
.68 |- .87 - .93 -1.00 =-1.08 -1.17 -1.28 -1.41 -1.58 -1.85
.69 |- .84 - .90 - .96 -1.0% -l.1k -1.24 -1.38 -1.54 -1.82
.70 |- .82 - .88 - .94 -1.02 -l.12 -1.22 -1.3 -1.52 -1.80
71 |- .78 - .8 - .92 -1.00 -1.08 -1.20 -1.32 -1.50 -1.T76
.72 |- .76 - .82 -.89 - .97 -1.06 -1.17 -1.30 =Ll.47 1.7k
73 |- 73 - .79 - .86 - .9k 21,03  -l.1h -1.27 -l.k4  -1.71
T+ |- .70 - .6 -.85 - .91 -1.00 -1.11 -1.24 -1.41 -1.68
75 |- 66 - .72 - .80 - .88 - .96 -1.08 -1.20 -1.38 -1.64
76 |- .64 - .70 - .76 - .84 - .94 -1.04 -1.18 -1.34 -1.62
7 |- .60 - 66 - .73 - .81 - .90 -1.01 -1l.14 -1.31 -1.58
.78 |-.57 - .63 -.70 -.78 -.87 -.98 -1.11 -1.28 -1.55
.79 |- .54 - .60 - .66 - .74 - .84 - .94 -1.08 -1.24 -1.52
.80 |- .50 - .5 - .65 -.71 -.80 -.91 -1.04 -1.21 -1.48
B8l |- 6 - .52 - .59 - .67 - .76 - .87 -1.00 -1.17 -l.4k
B2 |- 2 - 48 - .56 - 64 - .72 - .84 - .96 -1.14 -1.40
83 [- .39 - .45 -.52 - .60 -.69 =-.80 - .93 -1.10 -1.37
B |- 35 - 41 - 48 - 56 - .65 - .76 - .89 -1.06 -1.33
85 |- .30 - .3 - .43 - .51 - .60 - .71 - .8 -1.01 -1.28
86 |- .26 - .3 -.39 - .47 -.5 - .67 - .80 .97 -l.24
B7 |-.21 - .27 - .34 - 42 - 5L - .62 - .75 - .92 -1.19
.88 |- .16 -.22 -.30 -.38 -.4 -.58 -.70 - .88 -1l.14
.89 |- .11 - .17 - .24 - .3 - 41 - .52 - .65 - .82 -1.09
.90 |- .06 - .12 - .19 - .27 =-.36 - .47 - .60 - .77 -1.04
.91 0 =06 =.13 =.21 ~.30 “~ .41 < .54 T .71 T .98
.92 .06 0 =07 =.15 =.24 =.3 " .48 = .65 T .9
.93 .13 .07 0 -.08 ~-.17 =.28 " .41 ~.58 T .85
.9h .21 .15 .08 0 -.09 =.20 =.3 ~.50 ~.717
.95 .30 .24 17 .09 0 =1 = .2k T 41 T .68
.96 L1 .35 .28 .20 A1 0 .13 ~ .30 T .57
.97 .54 .48 s .33 24 .13 0 S AR Y Y
.98 .71 .65 .33 .50 A1 .30 17 0 -
.99 .98 .92 .85 T .68 57 Al 27 0
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In M-alternative forced choice experiments, percentage correct is
usually obtained as the measure of performance. The following table con-
verts percentage correct to d' as & function of the number of alternatives.
For the computation of d', percentage correct is used as an estimate of
the probability of a correct decision.

Since this table is an extension of a table appearing in Quarterly
Progress Report No. 10, the University of Michigan, April 1954; the original
introduction written by Birdsall and Peterson will be reprinted here.

Optimum Forced Choice Performance (Ref. 3)

It is assumed in this discussion that the
information which the observer has is equivalent to
knowledge of the values for a given trial of M inde-
pendent normel variables, of which M-l have mean zero,
one has mean d', and all have unit variance. The
normal variable with mean d' is the signal plus noise,
while the others are noise alone. The observer does
not know which variable is signal plus noise, and all
are equally likely candidates.

This case can be considered an approximation
to many forced-choice psychological tests, in which the
signals are orthogonal, equally likely and have the
same energy, and the noise is white Gaussian noise over
the bandwidth of the signals. One such set of signals
is any set of similar but non-overlapping (in time or
space) pulses, another consists of tones of different
frequencies.

The optimum choice is the variable which
takes on the highest value. Thus, the probability of

-30-



correct decision is the probability that a Gaussian
random variable with mean d4' and unit variance will
be simultaneously greater than (M-l) other independent
Gaussian variables with zero mean and the unit variance.
For computation it is more convenient to
observe that the probability of an incorrect decision
is the probability that the greatest of the zero mean
variables is greater than the variable with mean d', or
(M=1) times the probability that any particular zero
mean variable will be the greatest of all. If A(t)
stands for the area under the normal distribution from
minus infinity to t, and O(t) is the ordinate of the
normal density (or frequency) function, then the proba-
bility of an incorrect decision is

P(Incorrect) = (M-1) fwAM-e(t) A(t=d') 0O(t) dt;

The integrand is the probability density that a particu-
cular zero mean variable will have value t (i.e., 0(t))
times the probability that (M-2)zero mean variables and
the one variable with mean d' will be below that value
t.

This integration was done numerically by the
use of Simpson's approximate integration rule after a
change of variable of integration. ILetting

22

L]

-2(M-1) 1n A(t)

the integral becomes

(3.1)

(3.2)

P(Incorrect) = fz exp(- -g-a-)l\ I:A'l(exp {- 23—-1}4')] dz  (3.3)
)

-31-



Because A < 1, and because the integral of Z exp
(- gi)from 3.2 to infinity is less than .006, the
upper limit can be replaced by 3.2 with less than
6% error. Simpsons rule was used with subdivision
points at Z = 0, .1, .2, .3, .4, .6, .8, 1.0, 1.2,
1.4k, 1.6, 2.0, 2.4, 2.8, 3.2, guaranteeing an error
of less than .Ol4 for a total bound on the error of
.02.

Using these approximations, computations
were performed for M = 2, 3, 4, 8, 16, 32, 256, and
1000. For M = 2, P(Correct) is the probability that
the difference of two independent normal variables
is greater than d', and hence is the normal curve
P(Correct) = A(d'/N2). These values as well as the
computed values, are plotted on probability paper in
Fig. 4.

The curves of Figure 4 are very nearly
straight lines, and hence it is possible to repres-
ent the results empirically by the following formula:

P(Correct) = A(aMd' - bM)
where A is the (area) normal distribution function,
8y is determined from the slope of the computed
P(Correct) curves and is plotted in Figure 5., and bM
is chosen so that P(Correct) = 1/M when d' = O,
Equation (3.%4) is accurate to within 2% for M = 8.
For M = 2, P(Correct) has the form of the normal

distribution, and hence equation (3.4) is exact, with

-32-
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ay = 1AN2 and by = 0. It can be shown that as M
approaches infinity, P(Correct) becomes normal

again and aM approaches 1.

=3k
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TABLE IT

d'FOR FORCED CHOICE AMONG M ORTHOGANAL ALTERNATIVES

M 2 4 8 16 32 256 1000
H(e)

.01} =3.28  -1.99  -1.37 -.89 -.51 .37 .80
02 | -2.90  -1.66  -1.05 -.58 -.21 .66 1.08
.03 -2.66 -1.46 - .85 -.39 -.02 .85 1.26
Ob | 2,48 -1.,30 - .70 -2k .13 .99 1.39
05 | =2.32 =1.17 - .57 -.12 .25 1.11 1.50
06 | =2.19 =106 = U7 -.02 .35 1.21 1.60
O7 | -2.08 ~ .% - .37 .07 Ak 1.30 1.68
.08 -1.98 - .88 - .29 .15 .52 1.37 1.75
09| =190 - .80 - .22 .22 .58 1.hb 1.82
0| =181 - .73 - .15 .29 .66 1.50 1.88
JAl | -l.7h - 67 - .09 .3k .71 1.56 1.93
A2 -1.66 - .60 - .03 U1 7 1.62 1.99
A3 | =160 - .55 .02 RS .82 1.67 2.03
Ak | <153 - W49 .08 .51 .08 1.72 2.08
.15 -1.b7 - JUL .13 .56 .92 1.77 2.13
A6 | -l.40 - .38 .19 .62 .98 1.82 2.18
A7 -1.34 - .33 .23 66 1.02 1.86 2.22
.18 -1.29 - .29 .27 .70 1.06 1.90 2.26
A9 | -l.2h - .25 .32 JTh 1.10 1.9k 2.29
.20 -1.19 - .20 .36 .78 1.15 1.98 2.33
21| -1k - .16 4o .82 1.19 2.02 2.37
22| 1,09 - .12 b .86 1.23 2,06 2.41
.23 -1.05 - .08 .18 .90 1.26 2.09 2.4k
2| -1,00 - .0k 52 Ok 1.30 2.13 2.47
25| = .95 .0 .56 97 1.33 2.16 2.50



M 2 4 8 16 32 256 1000
£(e)

.26 .90 Kot .60 1.01 1.37 2.20 2.54
.27 .86 .08 63 1.04 1. 2,24 2.57
.28 .82 .11 67 1.08 .44 2.27 2.60
.29 .78 1k .70 1.11 1.7 2.30 2.63
.30 JTh .18 .73 1.1k 1.50 2.33 2.66
.31 .71 «20 75 1.16 1.52 2.35 2.68
.32 66 .25 .80 1.20 1.56 2.39 2.72
.33 .62 .28 .83 1.24 1.60 2.h2 2.75
.3k .60 .32 .86 l.27 1.63 2.46 2.78
.35 Sk .35 .89 1.30 1.66 2.48 2.81
.36 .51 .38 .92 1.33 1.69 2.51 2.83
.37 A7 2 .96 1.36 1.72 2.54 2.86
.38 .43 45 .99 1.39 1.75 2.57 2.89
.39 ko .48 1.02 1.hk2 1.78 2.60 2.91
1o .36 .51 1.05 1.45 1.81 2.62 2.9k
A1 .32 Sk 1.08 1.48 1.83 2.65 2.97
42 .28 57 1.11 1.51 1.87 2.68 3.00
43 25 .60 1.13 1.53 1.89 2.71 3.02
ol .21 63 1.17 1.56 1.92 2.74 3.05
A5 .18 66 1.19 1.59 1.95 2.76 3.07
6 1k 69 1.23 1.62 1.98 2.79 3.10
Rl 11 .72 1.26 1.65 2.01 2.82 3.13
48 .07 75 1.29 1.68 2,0k 2.85 3.15
A9 Kot .78 1.32 1.71 2.06 2.88 3.18
50 0 81 1.3k 1.7k 2.09 2.90 3.20



M 2 4 8 16 32 256 1000
Ple)
.51 Ok R:in 1.37 1.76 2.12 2.93 3.23
.52 07 .88 1.4 1.79 2.15 2.96 3.26
.53 11 .90 1.43 1.82 2.18 2.98 3.23
5k o1k Ok 1.46 1.85 2.20 3.01 3.31
55 .18 97 1.50 1.88 2.2k 3.04 3.3k
.56 .21 1.00 1.52 1.90 2.26 3.07 3.36
57 .25 1.03 1.56 1.94 2.30 3.10 3.39
.58 .28 1.06 1.58 1.9 2.32 3.12 3.1
.59 .32 1.09 1.61 2,00 2.35 3.15 3.lk
.60 .36 1.12 1.64 2.02 2.38 3.18 3.47
61 .40 1.15 1.67 2.05 2.41 3.21 3.50
.62 43 1.18 1.70 2.08 2.4k 3.2k 3.52
63 L7 l.21 1.73 2.11 2.46 3.26 3.55
Hh .51 1.25 1.77 2.1% 2.50 3.30 3.58
65 Sk 1.28 1.80 2.17 2.52 3.32 3.60
66 60 1.31 1.82 2.20 2.55 3.35 3.63
67 62 1.35 1.86 2.23 2.59 3.38 3.66
.68 .66 1.38 1.89 .27 2.62 3.k42 3.69
69 .71 1.k2 1.9k 2.31 2.66 3.L45 3.73
.70 JTh 1.45 1.9 2.33 2.68 3.48 3.75
.71 .78 1.49 1.99 2.36 2.77 3.51 3.78
.72 .82 1.52 2,02 2.39 2.7h 3.54 3.81
.73 .86 1.55 2.06 2.42 2.78 3.57 3.84
ST .90 1.59 2.09 2.46 2.81 3.60 3.87
75 <95 1.63 2.13 2.50 2.85 3.64 3.90



M 2 4 8 16 32 256 1000
Ple)
.76 1.00 1.67 2.17 2.53 2.88 3.67 3.94
77 1.05 1.71 2.21 2.57 2.92 3.71 3.97
.78 1.09 1.75 2.2k 2.61 2.9 3.7L 4.00
.79 1.1k 1.79 2.29 2.64 2.98 3.78 L .0k
.80 1.19 1.83 2.33 2.68 3.0k 3.82 4,08
81 1.2k 1.88 2.37 2.73 3.08 3.86 k.12
.82 1.29 1.92 2.42 2.77 3.12 3.90 4.15
.83 1.3k 1.9 2.46 2.81 3.16 3.94 k.19
.8l 1.k0 2.01 2.50 2.86 3.20 3.98 k.23
.85 1.k47 2.07 2.56 2.91 3.26 4.0k 4.28
86 1.53 2.12 2.61 2.96 3.31 4,08 k.32
.87 1.60 2.18 2.67 3.01 3.36 b4 4.38
.88 1.66 2.24 2.72 3.06 3.4 4.18 L, k2
.89 .74 2.30 2.78 3.13 3.48 L.2L 4,48
<90 1.81 2.35 2.8k 3.18 3.53 4,30 k.53
91 1.90 2.4k 2.91 3.25 3.60 4,36 4.60
«92 1.98 2.51 2.98 3.32 3.67 L.43 .66
.93 2.08 2.59 3.06 3.ho 3.74 k.51 4.73
Rt 2.19 2.69 3.16 3.49 3.83 4.59 L4.81
.95 2.32 2.80 3.26 3.59 3.9% 4.69 4.1
.96 2.48 2.93 3.39 3.71 k.06 4.81 5.02
97 2.66 3.09 3.54 3.86 4,20 k.96 5.16
.98 2.90 3.29 3.74 4,05 L,Lo 5.1k 5.33
99 3.28 3.62 4,06 L,36 L. 70 54k 5.61
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