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o WEEUFIH )
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7l

2% R
2R5%)
F—%

HERBROBERE, AFEDT—4X (n=060)

&5 | B K& 5 | BE KE 5 | B | A&
1 46.0| 2700 21 48.0 | 3200 41 49.5 | 3590
2 49.5| 3220 22 50.5 | 2940 42 485 | 2830
3 50.0| 3360 23 | 485 | 2850 43 48.0 | 3120
4 50.0 | 3500 24 50.5 | 3220 44 51.0 | 3190
5 49.0| 3120 25 485 | 2750 45 50.0 | 3600
6 50.0( 3160 26 49.0 | 3020 46 47.0 | 2980
7 53.0| 4150 27 | 485 | 2570 47 50.0 | 3090
8 48.0| 3310 28 | 485 | 3030 48 51.0 | 3630
9 49.0| 2880 29 | 45.0 | 2410 49 53.0 | 4060
10 50.5| 3090 30 51.0 | 3280 50 50.0 | 3720
11 49.5| 3020 31 50.5 | 3140 51 50.0 | 3400
12 49.0| 3360 32 49.0 | 3040 52 50.5 | 3430
13 50.0| 3110 33 520 | 3910 53 51.0 | 3250
14 50.0| 3560 34 50.0 | 2770 54 48.0 | 2760
15 47.5| 2990 35 46.5 | 2340 55 50.0 | 3320
16 50.5| 3440 36 50.0 | 3140 56 49.0 | 2930
17 48.0| 2920 37 50.5 | 3560 57 50.0 | 3320
18 49.0| 3060 38 50.0 | 3390 58 48.0 | 2620
19 49.0| 3360 39 50.0 | 3420 59 475 | 2860
20 50.0| 3400 40 51.0 3450 60 48.0 | 2530
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HEBEREOUHE

il  —1<n,<1

s Yt — %)+ (v, =P} =0 AIRTOEHK ¢t THYIID.

2 =02 42t ) (=D -7+ ) =) 20

2 .2 2
t°oy + 2toy, + 0y, =20

D
—=a,?y—a,§a§ <0
4
2 2 2
Oxy <= Oy 0y

Tey > 0 0 IEDFEES
Ty < 0@ BDEE
|rey| = 1 8BRS
|1y| = 0 33ULMARS
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An example of data : BoHREFDER (x,y)

Mid-Heights of Parents (x) F. Galton:
Regression towards

below 64.5 655 66.5 67.5 68.5 69.5 70.5 715 72.5 above|sum |  mediocrity in hereditary
f f f % ? : : : ? stature, Anthropological
Miscellanea (1886)

ANTHROPOLOGICAL MISCELLANEA.

TREGRESION fowards Mwotocuiry 5 HeREMTARY SraTurs.
By Frazqs Gauwos, PRS, &

[Wres Pracss X awo X

Tms memoir containg the data npon whieh the remarks on the Law
of Regression were fonndod, that [ mado in my Prasidentisl Address
to Section II, at Aberdeen. That address, which will appear in
duc eousse in the Jourmal of the Brilish Association, has alrendy
been pablished in * Nature,” Soptemwber 84th, I reproduce here
the portion of it which hears mpon regression, togather with some
amplifieation where brevity had rendered it obseure, nud Thave added
copies of the dingrats suspended at the mecting, withoul which the
letterpress is necessanily difficlt to follow. My objeot iy fo place
beyond donbt the exiskénee of a simple and far-roaching law tiat
governs the horedilary transmission of, [ believe, every one of thowe
simple qualities which all possess, though in uncqual dogr 1
once before ventured to draw atiention to this Taw on far wore
slender evidenee than T now possess.

1t s somo years since ] made an cxtensive serien of experiments
roduce of soeds of different size but of the sarac species.
1ded results that seemed very noteworthy, and I nsed them
as the basis of a lecinve before the Royal Inskitution on February
Uth, 1877, 15 appesred from these experiments that the offspring

id mot tond to resemble their pavent seeds in size, but to be always
¢ mediogre thun they-—-to be smaller than the pavents, if the
parents were lurge; to be langer than fhe purcnts, if the parents
wore very small. The point of convergence was considerably helow
the average size of the seeds contained in the large bagful I bonght
at a nuvsery gavden, out of which T seleeted those thut were sown,
and 1 had some veason to believe that the size of the seed towards
whick the pradnee comverged was similar to thst of an aversge
seed taken omt of heds of self-planted specimens.

The experiments showed further bhat the mean filial regression
towards medicority was divectly proportionat 1o the pavental dovia-
tion from it. This cuvious resnlt was based on so many planlings,
conducted for me by friends living in various parts of the covntry,
""""""""""" from Nairn in the north to Cornwall in the sonth, during one, twe,

: : : : or even thre 3 i L
doubt of the fruth of my conclngions.
remuined & little donbiful, owing to variable inflacnees ; therefore
[ did not mtempt to doflme il. But as it secms a piry thal no

Heights of Adult Children (y)
(U]

: : : 1 : : : :
66 78 211 219 183 68 43 19

QO | = i

16
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Mid-height parents (x)

Adult Children (y)

64.5:65.5:166.5:67.5:685:69.5:70.5:71.5:72.5sum
73.2 3 4 3 2 2 14
2.2 1 4 4: 11 4 9 7 40
71.2 2 11+ 1811 20 ! 4 2 64
70.2 5 4: 19 21: 25: 14: 10 1: 99
69.2 2 7 13: 38 48 33 18 5 2 166
68.2 7 14 28 34% 20 12 3 1:119
67.2 5: 11+ 17+ 38: 31: 27 3 4 136
66.2 5 11: 17: 36; 25 17 1 3 115
65.2 1 7 2 15 16 4 1 1 A7
64.2 4 5 5¢ 14 11: 16 55
63.2 4 9 3 5 7 1 1 30
62.2 1 3 3 7
sum: 22: 65:¢ 7/8:211:218:17/8: 64 41 : 15 6 892

X = 68.3
02 =277
o, = 1.67
y = 68.1
oj = 5.62
gy, = 2.37
Oxy = 1.60
Ty = 0.41
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E

SUNE:D

AN

'f}%% €;

=
&9

%

y; = ax; + b + €

F I3

Q=z€i2 =Z()’i—axi—b)2

#T

L HM%& /NI T B

N

a, b%/j&%%

0 = Q(a,b) lF2XA 12D T,
S/IMLIZWENIZTE B
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~, IE!"-—” IE
AR ET /L (ARER)
oQ _ 2 4 72 o~ = _
ol 2an(of + x°) — Zn(axy + xy) + 2bnx =0
aQ—Zb 2ny + 2anx = 0
5 = 2bn —2ny + 2anx =
X x ZHmBAZH,y = BNERET 5
B FIEANZTRWNT REEIEET IV (BIRERR) &
ap =% = 22 y-y_ x—%
Oy Ox O'y B rxy O
bo — :)_/ - aof
5 IR oy ZaBAEE, x T BNE &
Ty = ﬁ (BEEY) T ARFERET L (ERER
g y—y 1 x—x
0y Ty Oy
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\>\<

100

90

80

70

60

50

40

30

1.7

¥ =17145 ¥ =63.59

(A)

o2 = 27.756 0y = 73.351

Opy = 20.15 Txy = 0.45

aJFERR (x @ FRAAZE)

oo y—y X—X

— rxy
ay, Oy

y =0.73x —61.57
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X| 1.7

) ERR (x @ EREAZE)

() * ] y—7 X —X

ay, Oy

100

90

80

70

y=0.73x —61.57

60

50

aJFERR (v SRBREH)

X —X y—9
30140 150 160 170 180 190 - Txy
Oy gy

40

x =0.27 y + 154.28
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}\(

1.7

100

(A)

190

SHREBZH)

X — X

ImERR (x:

y—Y_T
= Tyy
ay, Oy

y=0.73x —61.57

D ERERZE )

. y—y
Oy g,

x =0.27 y + 154.28
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Mid-height parents (x) _
64.5 | 65.5 | 66.5 | 67.5  68.5 69.5 705 715 72.5 | sum X = 68.3
73.2 3. 4. 3 2 2 14 o5 = 2.77
72.2 1 4 4 11 4 9 7. 40 o, = 1.67
71.2 2 11 18 20 7 4: 2 64
_ 702 5. 4. 19 21 25 14: 10i 1 99 5 = 68.1
©i692 2. 7 13 38 48 33. 18 5 2 166 ,
£ 682 7: 14 28 34 20 127 3i 1119 oy, = 5.62
G672 5 1 17 38 31 27 3 4 136 o, = 2.37
3 62 5 1 17 3 25 17 1 3 115
6521 1i 7i 2} 15i 16 4} 1} 1 47 Ory = 1.60
642 4. 5 5. 14 11 16 55
6321 4! 9i 3i 5i 7i 1i 1 30 Ty = 0.41
6221 1 3. 3 7
sum: 22 65 781211218 178 64 41 15 892 y = 0.58 x + 28.36
1 inch =2.54 cm » y =0.58x+ 72

] x=175 - y=173.5 x =160 - y=164.8
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HeRZ5 ¥ (random variable) & |£ ?

] >IFEtONSRE L CEA SN D EITHEERZ M (random
AEXR variable) ¥ L TET I LI N 5.

>BBICL > T, ERLTHICIZTKRIFE XY, Z,T,... L3

el
@ > Discrete random variables (BfBNRLFESRZ 2
(1) 24 > %3[EKIT 2 & TRDOH B [EHL

(2) $2LRIILRE D HEE M2

» Continuous random variables (EfAFERZ %)

RN LR (1) BORERHS1E%E T > & LSRAR L &,
ZOEE RN DR _
(2) FTERDKE. Ao/E

CEB) HERLTH X IBTEOHERT DO TILARL.
ZDEY 5 AEBDEZ X DEIREE LS.



£ 3B MEEH

CHEEST 32 WEETHONT

AR HE R Z L D 4>4a (distribution)

HX U 5 %'ﬂE a, as, ..., a;, ...

Z DHEXR D1, D2s e s Dis oo 2 & B FREC
P(X =a;) =p;
X a, | | a | - |&z
PX=x)| py | ~ | p; | - | 1
HEAXRNGEE

. > ()

B
(1) pPi =
I
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% Y4 301y

Y432 1ExR->T, H7-BZ X &9 5
X13{123456) OFEE S EXRTHTH D

XD
x 1 2 3 4 5 6 5T
PX=x) | 2 1 1 1 1 1 1
6 6 6 6 6 6
PX=k)==, k=1.2,--,6 1/6

— |
DO [
WD [
-+ |
W [
O\ |———
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5 3.3 JRHoDT R LHOE|
« DRELDOBDE 7 VX LII2DET S
¢« TEHARVIEIHDURDESIZXET S
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S EAEL (distribution function)

P(X=a) Tl3zm<, X ORNAEIZRBZHF-ETEZ5

(R HHEHERND
Fy(x) = P(X < x)

FERTH X DEH x LITD(ER & HHEX
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B 3.3 (PHEK) BHoDF7 VX Ly

i

i—g_, EE—I—RF& X ‘j: FX(X) _ P(X < X)

> (0, x<

\1, X =

<

S
IN
h

H N~

~ DN~

S
T
R
(\c-
N
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It

B 3.3 (PHEK) BHoDF7 VX Ly

i—g_, EE—I—RF& X ‘j: FX(X) _ P(X < x)

%SXSL > gﬁxSL@tgﬁ’gﬁf\“%
DEFDEZ & B
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3.3 (DHEH) BHDT > X LHE

<x<L ¢ LTEHERX<x}ZHARS

N | T~ l_.

L/2

X <x} ((x—-L/2)x2 2x
L L L

Fy(x) =P(X <x) =

Rl
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5 3.3 (DB MWD 7 X LnE
« LB E T VX LII2HEIT S
« TEBZRWIHSUVRORIZXET S

- X 3 EFIEHEERZT
- L -
L
( < —
0, x_z
2X L
Fx(x)=P(XSX)=<T—1, SSX<L
L 1, x = L
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)
o
W
,\
/
=il
A
%
=
‘zﬂ}
8
I
\
X,
P~
3>
ot

(0 -
, x <o

2x L

Fr()=P(X<x) ={7-1,  Z<X<lI
L1 x =L
(1) HERIEMN
x<x' 751E Fx) < F(x)
() lim F(x) =0
lim F(x) =1
. ; X0
L2 L X

(3) F(x) |$EHe X
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] 3.2 (PHmEK) Y4 3AiRY

1

RN .

1/6 |
|
26 9
1 2 3 4 5 6 X 1/6 .: 5

Fy(x) = P(X < x) Y

x | EERERY 78 AN
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] 3.2 (PHmEK) Y4 3AiRY

(1) BN 1
x<x' m5lE F(x) <F&) ?
—
2) lim FG)=0 limF(x) =1 —
26 #—0
(3) F(x) 1B ERHERTIEA O e
WA B ¢ o T 7
F(x +0) = F(x) b2 3 4 56

14
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SHE [O04 T

N

A4 > z3aFITCEROHLEHE T X & F 5.
X DWERD & PHMBEAEZ KD KL

R Wil IES 1
X ol 11| 21| 3 |&s 7/8 ©
4/8
3/8 3/8 f 5

118
*—0 i ?
1/8 1/8 0 i g |
I I 0 1 2 3 X
0 1 2 3



B3 EERTHEERNT 3.2 ERZHEDODM

BmE [X—]

(R ROHOAZA IS A 7 VX LITEY, ZD 5
EHILZEDIREEE X &35 X ODDRBEBM A KD L.

DB Fy(x) = P(X < x)

{X <x}
& T UVRLRERLEDRBED x UT
& TVRLRD 0 HEHRLETBER x ODFRIRA

DHE | +
o o EE
~7TR2  RZ

P(X<x)=

7z7-L,0<x<RDEE
x<0DEZTIFIPX<x)=0

X>SRDEZTIFTPX<x)=1 19
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T EFERDH 3.2 HEREHODHE

B (X—V]
H¥EROHOAELAGIE A T VX LITEY, 0=
e DIFEEA X C 3 5. X OO9HBEHE KD L.
pairIESE S 1
(0, x <0
xz
FX(x)=<ﬁ, 0<x<R
L 1 x >R 0
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il

BRI D THIE & 5

2
—+

x al cee a’i cee —

o %7 IS K <7 P;
BEENFERZ I X DIERDH | ;
ai "es

2158 E[X] =my = z a;p; = z a;P(X = a;)

PX=x)|p1 | = | pi | | 1

X

Y
|-

>HH VIXI=of = ) (ar—m)p = ) abpi—m}

= E[(X — mx)?] = E[X?] — E[X]’
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X

il

T AU
(FEXR) ZERBEHERW3
X BRI

Fx(x) =P(X <x) : pmBEIK

LT A
d
) = B = FG)

(1) f(x) =0 (2) f+oof(x) dx =1

L DT

-

-

a b
b
P(a <X <b) =j f(x)d
a
WERZHEETHEZ 5

~

X

/
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il

BT I FE R R DB & R

FO)  BEMERETH X ORI

> 9B
E[X] =my = j xf(x) dx

V[X] =0} = ]+oo(x —my)*f(x) dx

= f+oox2f(x) dx — m%

= E[(X — mx)?] = E[X?] — E[X]?
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B [2—v () ]

HFEROHOARNZEHI OIS A T VX LITEN, £D 5
t$ut@ﬁﬁﬁxt¢%

. ( <0
0 B K o7
=15
Fy(x =y{57> 0<x<R
#4> : 0
L1, x>R 0 R x
2B (0, x<0
2X

fx() =Fx(x) =y o, 0<x<R
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NIV XA 3% B(1,p)

RINHER p OFIT (RIPIHEIHEENp 0O( v %&RITD)

FESRZE DB A P
X_ 1; Eilj] I_P
|0, KK

HEE S

P(X=1) =p, PX=0)=1-p 0 1
m=E[X]=0x(1—-p)+1Xp=p
-
E[X?]=0°x(1—-p)+1?xp=p Fi9E m=p
0.2 — E[xZ] _E[X]Z =p_p2 =p(1_p) éj\%& 0'2 p(l—p)
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B3 B(n,p)

FRINHER p DT Z ML ICHE Y IRT (NI X A #31751)
M RHERTHIIDEBEN X, Xy, .. X,

1, B - L
Xk={ sap S=;Xk R IhE

0)
BT
Ps=l=()pa-pm*
] FME  m = np
m=kls]= ) k()P a-prt=m | i 2 =m-p)
k=0
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A Gkt

PRINFESR p DEIT 2 MILICHR Y R .

FHTHRINT 5 F TORKRDEIEZ X &9 5.

PX=k)=p(1-p* k=012,..

CDDHEINTA—Z p DEF[ATTHEND.

I OV S
m—E[X]—;kpm Pt =—F =1
- 2 -p)1—-p)

BLX?] = ) kp(1 - p)k ==
k=0 p

0% = E[X2] — E[X]? =

Fi(E

3>

gﬂgﬂi
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7Y St
A>0Z%TFHET S,
HERTHXDNINT A =R ADRTY D IHED &1,
}lk
P(X=k)= Fe —4 k=012,..

X ~Po(1) £EL.

> FENICHERDIMIZE > T WD

BHEROT—7 —EH
S R

k=0

A
k!

e

wp»
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FIE 3.1l O v A2MIRITAEE, ROMEAE X £T5. X ONHmEHR%
Kb &

FfE 3.2 XA [0, L] Do DR RIFLRELN L LI TIRZEAT, 2D
D/NXEZDET 5. ZDEE, ROLWAD/NWNXEORIZ X, BELWHORK
S Y ETDHB XY DomBERERERKTKRD L.

B 3.3% X 2BEBEM f(x) 2L DEGRRUERETHET 5.
(1) Y=aX+b OOHMEKEBERMZRD L. 72721, a,b ITTEFE L,
a>0 &9 5.

(2) Z =X? OOHMBERE BERBEE KD £.

ME 3.4 YA 30 A2@%IT-EE BI-BOKRKEWVWVAZ X £ T 5 (F
CEAHRE-EZE, ZOBR X &9 5). X Ot EIE, DELA KD &£.
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HWRE 3.5 H£EROHOANEBHI L EDELREIEDEHLI B L X Tl m =
ATZEZ, ZTORERLE DIERE X OB & Elx KD L.

T 3.6% FEROHOAZELHAIA L EDSLEIZEOHELAL LI TLa%
EW, TORZ2HR0ETI2NEHOEREZ S £ 5. S ORHER &
FEERE%, 1B, nElE K& L.

WfE 3.7 % HEXRZH X ICWHLTE[X—-—a)?] 2#F/NMNIT2EH a %
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3.8 XA V[X]|=0%2E/-d X, PX=EX])=1THsT t%
FEYz 7OAFERZTHWTRY.

B8 3.9 A
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RT7 Y VRt
A>0Z2THET 5.
EREHXD/INTA =R ADRT Y IR &1,
/1k
P(X — k) = Fe_)' k = 0,1,2,

X ~Po(1) £ EL.

> FEMNCHERDRICHE > T WD
BHEHOT—7—EH

2K » — Ak
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€ k! 1 z k! ¢
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k k=0
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5.1 BERL DT

FEXRAE9%4 (Generating function)

n=012..1B% & PHERZHX I L Tp,=PX =n) £BL

HERBEE  f0)= ) porm
n=0

F100 =) npyan?

n=0

(0]

fr@) = ) n(n - Dppa?

n=0

co

()= ann

n=0

7

“9fe m=E[X]=f"(1)

(00}

= f"(1) + m —m?
paN-1t

o’ ="+ f' (D -1
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R Dt DEREEER

L A
RNt PX=k)= Fe—ﬂ

R RFEAEN

flx) =

Fr) =2
Fr(1) = 22
Tigm m=f'(1)=41
paN: I
o =f"(D+ (1) - f(1)?
=1+1-24=1

KT 0% DEFE
1 & EDE L L
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Siméon Denis Poisson (1781- 1840)
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T Ut DEH (R7Y 0L DiER])

\ll_

B(N,%) I N> & 5E Po(R) ICINERT 5.

= WX
B(N,p) I, N 5 0,p > 0,Np > 1 &£ T 5& Po(Q) ICYNET 3.

X~B[N A
~ ( ’N) e LT
P& = k) = (7)pk(1 - p)V"

NN =1 (N—k+1) (1) 2 N 2 k
2 () (-7) (-9)

> — et (N - )
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B(100,0.02) = Po(2)
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P
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X~B<N,T> <:: N ZAEBRNLGDOTHEEL =W

» Noow & LT X~Po(6.75)

> 675 . 675' 675
P(X<2) = o € +Te +T

= (14 6.75+ 22.78) X 0.00117 = 0.036
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Lecture b JEEME [ * 27EE]

HW@E L.l [ZTIESHmDE—F] 0<p<1&d%. ZIHEZ®H B(n,p) IC
WOEREHXICH LT, PX=k) DERERD k=M %K L.
XIZ, 2D M & B(n,p) DFIIE m =np & LLEH L.

#E 5.2 [ZIERmDOEE] ZIESH B(n,p) PIRDFLE—X > b
ms KD L. KIS, Lk mg/ad (BEE L WD) ZETEY L.

MRE 5.3% MEXZH X IZ/NTA—ZADRTYYUDHICKESHD &
IT5. X IIFHLY HBBEBHROEZRY W2 2Rt DF V),

EO - {0,2,4‘, }, E1 — {1,3,5, }

L BHEE P(XEE)>P(XEE,) L1452 &axt.
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MWD 4 FHORIZHRELME, BEIEAA> TWE. ZOBH HEEA
ICEAZ1ETOERYEL, IO THEENEZDIZES 50 (GREAE
DHEIN/-ELEDH2)H N LT3, ROGFEIZDWT N O A K
o XK.

(1) 1EEY I NE=FIZFEICES A WEEETHE).

(2) 1EZCEICERY Han-Fx2RBICET ((EcHTE).

FE 5.5 k>0 m>0 2B LI 5&ZT, — b N/-ZIEREIZ
WTRDOFAXZAEAE L.

SURCUREIES
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HE 5.6 [BDOZIENH] MINER p ODNILX—AFITHICHWNT,
HeH)ENBIBORITZBA2ETCICELZLARKORHME X & T 5.
(1) X ODFERDNFHFEARDLSICEZOND Z & AR,

n—14+k

P@:ky:( .

)p"(l -k, k=012,..
(2) X DWHERBBEG(2) = YnoP(X = k) zF =Ko &£
(3) X DFEHBEENEARICLIICHEZONS Z & &R,

_nQ —p), VIX] = n(1 ;p)
% %

E[X]

XM, r>1,0<p<1ZFEHETDLE, RCEXHEHOHZEADTIHESH &L
WL\, NB(r,p) Tk 9.

(0.0

i (" ra-mrac=) () - vk,
k=0

k=0

¥ P=1/p—1 &EL &, NB(r,p) IR B(—r,—P) £ EIT 5.
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BRI EERT X

< THb<THEL
> BEDEaxEDEXR: PX=a)=0 [ \\/rJ

> HE2HHA (a LY KELDLUT) DEREBHEX: Pla<X <b)
. EXRDEREMABWCEHB CEXRAET

EXNGHEE
(1) f(x)=0

J ()

2) j " fodx = 1

a b X

b
Pla<X<bh)= f fx(x)dx




| reax p ; ;

A\
A

ZIT(B E[X] = my = J OOxf(x) dx

>HH VX =of = [ (r-m)?f() dx

- [ 2 f (0 dx — m2 = E[X?] - EIXT?
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Z BT T W -BEE L EREDT

v —tknth ZIESEROSHm

vV B S FHOREOSm

vV IERED BErE TREE

V-2, x*oth, Foth o BRTRVER T o TRk D

17



5 5% EAMRERSM 5.2 EHaom

— R
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HoEIERHEe—HROMEND.
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| (1
| ——, asx<b
0 0 f(x) =1 @
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BEBRNE X, EBIEINT-SDOREEZ X T 5.
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A>02EHET 5.
FERZHI X DX T X — 8 ) DIREDIC
BES & 1E, X PROMEBREBRME LD &

RERESE

_ fre=x, x>0
F&) —{ NS
S )
iw=E[X] = j X de~Pxdy =
0
E[X?] = f " 2 he-Mdy = 2
0 A2
A 02 = E[X?] - E[X]? = -
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IEF D=7 X593 N(m,o?)
AR5 ,
(x) = 1 e_(xz_or'rzl)
/ 210 2
X~N(m,c?)

b
P(aSXSb)=J f(x)dx
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7
N
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4:315 EE T ;ﬁ/\ﬁ%

e = JJ

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 || 0.0000 | 0.0040 | 0.0080 | 0.0120 | 0.0160 8 0.0199 R 0.0239 | 0.0279 | 0.0319 | 0.0359
0.1 || 0.0398 | 0.0438 | 0.0478 | 0.0b17 | 0.0b57 § 0.0596 § 0.0636 | 0.0675 | 0.0714 | 0.07H3
0.2 || 0.0793 | 0.0832 | 0.0871 | 0.0910 | 0.0948 § 0.0987 § 0.1026 | 0.1064 | 0.1103 | 0.1141
0.3 0.1179 | 0.1217 | 0.1255 | 0.1293 | 0.1331 § 0.1368 § 0.1406 | 0.1443 | 0.1480 | 0.1517
0.4 || 0.1554 | 0.1591 | 0.1628 | 0.1664 | 0.17008 0.1736 R 0.1772 | 0.1808 | 0.1844 | 0.1879
0.5 (] 0.1915 | 0.1950 | 0.1985 | 0.2019 | 0.2054 § 0.2088 § 0.2123 | 0.2157 | 0.2190 | 0.2224
N A (| 95 1 9901 1 9294 (| A% [ r)%Q (DA N 2454 [ r)/I&R N 951 N 2540
0.7 || 0.2580 | 0.2611 | 0.2642 | 0.2673 | 0.2704 § 0.2734 R 0.2764 | 0.2794 | 0.2823 | 0.2852
0.8 ] 0.2881 | 0.2910 | 0.2939 029& 0.2995 8 0.3023 § 0.3051 | 0.3078 | 0.3106 | 0.3133
0.9 || 0.3150 | 0.3186 | 0.3212 | 0.3238 | 0.3264 § 0.3280 § 0.3315 | 0.3340 | 0.3365 | 0.3389
1.0 || 0.3413 | 0.3438 | 0.3461 | 0.3485 | 0.3508 § 0.3531 B 0.3554 | 0.3577 | 0.3599 | 0.3621
1.1 ]| 0.3643 | 0.3665 | 0.3686 | 0.3708 | 0.37208 0.3749 § 0.3770 | 0.3790 | 0.3810 | 0.3830
1.2 || 0.3849 | 0.3869 | 0.3888 | 0.3907 | 0.3925 § 0.3944 § 0.3962 | 0.3980 | 0.3997 | 0.4015
1.3 || 0.4032 | 0.4049 | 0.4066 | 0.4082 | 0.4090% 0.4115 §0.4131 | 0.4147 | 0.4162 | 0.4177
1.4 || 0.4192 | 0.4207 | 0.4222 | 0.4236 | 0.4251 § 0.4265 § 0.4279 | 0.4292 | 0.4306 | 0.4319
1.5 ]| 0.4332 | 0.4345 | 0.4357 | 0.4370 | 0.4382 § 0.4394 § 0.4406 | 0.4418 | 0.4429 | 0.4441
1.6 || 0.4452 | 0.4463 | 0.4474 | 0.4484 | 0.4495 § 0.4505 § 0.4515 | 0.4525 | 0.4535 | 0.4545
1.7 || 0.4554 | 0.4564 | 0.4573 | 0.4582 | 0.4591 § 0.45990 § 0.4608 | 0.4616 | 0.4625 | 0.4633
1.8 || 0.4641 | 0.4649 | 0.4656 | 0.4664 | 0.4671 f 0.4678 § 0.4686 | 0.4693 | 0.4699 | 0.4706
1.9 1| 04713 | 0.4719 | 0.4726 | 0.4732 | 0.4738 % 0.4744 § 0.4750 | 0.4756 | 0.4761 | 0.4767
2.0 1 04773 | 04778 | 0.4783 | 0.4788 | 0.4793 § 0.4798 § 0.4803 | 0.4808 | 0.4812 | 0.4817
2.1 (] 04821 | 0.4826 | 0.4830 | 0.4834 | 0.4838 § 0.4842 § 0.4846 | 0.4850 | 0.4854 | 0.4857
2.2 1] 04861 | 0.4864 | 0.4868 | 0.4871 | 0.4875 § 0.4878 § 0.4881 | 0.4884 | 0.4887 | 0.4890
2.3 || 0.4893 | 0.4896 | 0.4898 | 0.4901 | 0.4904 § 0.4906 § 0.4909 | 0.4911 | 0.4913 | 0.4916
2.4 1] 04918 | 0.4920 | 0.4922 | 0.4925 | 0.4927 § 0.4929 § 0.4931 | 0.4932 | 0.4934 | 0.4936
2.5 (] 0.4938 | 0.4940 | 0.4941 | 0.4943 | 0.4945 § 0.4946 § 0.4948 | 0.4949 | 0.4951 | 0.4952
2.6 || 0.4953 | 0.4955 | 0.4956 | 0.4957 | 0.4050 8 0.4960 § 0.4961 | 0.4962 | 0.4963 | 0.4964
2.7 1] 0.4965 | 0.4966 | 0.4967 | 0.4968 | 0.4969 8 0.4970 § 0.4971 | 0.4972 | 0.4973 | 0.4974
2.8 || 0.4974 | 0.497H | 0.4976 | 0.4977 | 0.4977 § 0.4978 § 0.4979 | 0.4979 | 0.4980 | 0.4981
2.9 1] 0.4981 | 0.4982 | 0.4983 | 0.4983 | 0.4984 § 0.4984 § 0.4985 | 0.4985 | 0.4986 | 0.4986
3.0 || 0.4987 | 0.4987 | 0.4987 | 0.4988 | 0.4988 § 0.4989 § 0.4989 | 0.4989 | 0.4990 | 0.4990

Z~ N(0,1)

P0<Z<2z)= —x*/2 gy

Z 1
— e
.];) V21T
(1l
P(0<Z<0.75) =0.2734
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4:315 EE T ;ﬁ/\ﬁ%

e = JJ

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 || 0.0000 | 0.0040 | 0.0080 | 0.0120 | 0.0160 K 0.0199 § 0.0239 | 0.0279 | 0.0319 | 0.0359

0.1 || 0.0398 | 0.0438 | 0.0478 | 0.0b17 | 0.0b57 § 0.0596 § 0.0636 | 0.0675 | 0.0714 | 0.07H3

0.2 || 0.0793 | 0.0832 | 0.0871 | 0.0910 | 0.0948 § 0.0987 § 0.1026 | 0.1064 | 0.1103 | 0.1141

0.3 0.1179 | 0.1217 | 0.1255 | 0.1293 | 0.1331 § 0.1368 § 0.1406 | 0.1443 | 0.1480 | 0.1517

0.4 || 0.1554 | 0.1591 | 0.1628 | 0.1664 | 0.1700K 0.1736 § 0.1772 | 0.1808 | 0.1844 | 0.1879

0.5 || 0.1915 | 0.1950 | 0.1985 | 0.2019 | 0.2054 § 0.2088 § 0.2123 | 0.2157 | 0.2190 | 0.2224

A () 2957 | (1 9290] 0] 9?‘)4 () 2357 | 1 238%00 () 9& ;2454-1 aéﬁﬁ (192517 1 () ‘)"'&

0.7 || 0.2580 | 0.2611 | 0.2642 | 0.2673 | 0.2704 § 0.2734 § 0.2764 | 0.2794 | 0.2823 | 0.2852

U.s U.2ss1 | 02910 | 0.293Y9 1 028907 | 02980 F U.5023 § U.300]1 | 0.30vs | 0.53100 | U.3133

0.9 || 0.3150 | 0.3186 | 0.3212 | 0.3238 | 0.3264 § 0.3280 § 0.3315 | 0.3340 | 0.3365 | 0.3389

1.0 || 0.3413 | 0.3438 | 0.3461 | 0.3485 | 0.3508 8 0.3531 § 0.3554 | 0.3577 | 0.3599 | 0.3621

1.1 ]| 0.3643 | 0.3665 | 0.3686 | 0.3708 | 0.37208 0.3749 § 0.3770 | 0.3790 | 0.3810 | 0.3830

1.2 || 0.3849 | 0.3869 | 0.3888 | 0.3907 | 0.3925 8 0.3944 § 0.3962 | 0.3980 | 0.3997 | 0.4015 P (Z > O. 7 5)
1.3 || 0.4032 | 0.4049 | 0.4066 | 0.4082 | 0.40908 0.4115 § 0.4131 | 0.4147 | 0.4162 | 0.4177 -

1.4 || 0.4192 | 0.4207 | 0.4222 | 0.4236 | 0.4251 8 0.4265 § 0.4279 | 0.4292 | 0.4306 | 0.4319

1.5 ]| 0.4332 | 0.4345 | 0.4357 | 0.4370 | 0.4382 8 0.4394 § 0.4406 | 0.4418 | 0.4429 | 0.4441

1.6 || 0.4452 | 0.4463 | 0.4474 | 0.4484 | 0.4495 8 0.4505 § 0.4515 | 0.4525 | 0.4535 | 0.4545 -

1.7 || 0.4554 | 0.4564 | 0.4573 | 0.4582 | 0.4591 § 0.4599 § 0.4608 | 0.4616 | 0.4625 | 0.4633 - 0 . 5 - P (O S Z S O' 7 5)
1.8 || 0.4641 | 0.4649 | 0.4656 | 0.4664 | 0.4671 8 0.4678 § 0.4686 | 0.4693 | 0.4699 | 0.4706

1.9 1| 04713 | 0.4719 | 0.4726 | 0.4732 | 0.4738 8 0.4744 § 0.4750 | 0.4756 | 0.4761 | 0.4767

2.0 1 04773 | 04778 | 0.4783 | 0.4788 | 0.4793 § 0.4798 § 0.4803 | 0.4808 | 0.4812 | 0.4817 O 5 _ 0 2 7 3 4
2.1 (] 04821 | 0.4826 | 0.4830 | 0.4834 | 0.4838 § 0.4842 § 0.4846 | 0.4850 | 0.4854 | 0.4857 ] .
2.2 1 04861 | 0.4864 | 0.4868 | 0.4871 | 0.4875  0.4878 § 0.4881 | 0.4884 | 0.4887 | 0.4890

2.3 | 0.4893 | 0.4896 | 0.4898 | 0.4901 | 0.4904 § 0.4906 § 0.4909 | 0.4911 | 0.4913 | 0.4916

2.4 1] 04918 | 0.4920 | 0.4922 | 0.4925 | 0.4927 § 0.4929 § 0.4931 | 0.4932 | 0.4934 | 0.4936

2.5 (] 0.4938 | 0.4940 | 0.4941 | 0.4943 | 0.4945§ 0.4946 § 0.4948 | 0.4949 | 0.4951 | 0.4952 — O . 2 2 6 6
2.6 || 0.4953 | 0.4955 | 0.4956 | 0.4957 | 0.4050 K 0.4960 § 0.4961 | 0.4962 | 0.4963 | 0.4964

2.7 1] 0.4965 | 0.4966 | 0.4967 | 0.4968 | 0.4969Q8 0.4970 § 0.4971 | 0.4972 | 0.4973 | 0.4974

2.8 || 0.4974 | 0.497H | 0.4976 | 0.4977 | 0.4977 § 0.4978 § 0.4979 | 0.4979 | 0.4980 | 0.4981

2.9 1] 0.4981 | 0.4982 | 0.4983 | 0.4983 | 0.4984 § 0.4984 § 0.4985 | 0.4985 | 0.4986 | 0.4986

3.0 || 0.4987 | 0.4987 | 0.4987 | 0.4988 | 0.4988 % 0.4989 § 0.4989 | 0.4989 | 0.4990 | 0.4990
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5.2 Eift
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(2) P(Z=a)=0791 AN ILDL D7 a KD L.



%58 EANLGERSH 5.2 EH o Tm
7‘(@ HETE '%EE/ AN
EREIERD X (1) P(Z = —1.82)
> || 000 | ool [ 0021 003 ] 004 | 005 | 006 | 007 | 008 | 0009
0.0 || 0.0000 | 0.0040 § 0.0080 § 0.0120 | 0.0160 | 0.0199 | 0.0239 | 0.0279 | 0.0319 | 0.0350
0.1 || 0.0398 | 0.0438 §0.0478 § 0.0517 | 0.0557 | 0.0596 | 0.0636 | 0.0675 | 0.0714 | 0.0753
0.2 || 0.0793 | 0.0832 §0.0871 § 0.0010 | 0.0048 | 0.0087 | 0.1026 | 0.1064 | 0.1103 | 0.1141
0.3 | 01170 | 0.1217 §0.1255 § 0.1293 | 0.1331 | 0.1368 | 0.1406 | 0.1443 | 0.1480 | 0.1517
04 | 01554 | 0.1591 §0.1628 § 0.1664 | 0.1700 | 0.1736 | 0.1772 | 0.1808 | 0.1844 | 0.1879
0.5 || 01915 | 0.1050 f0.1985 § 0.2019 | 0.2054 | 0.2088 | 0.2123 | 0.2157 | 0.2190 | 0.2224
0.6 || 02257 | 0.2201 02324 § 0.2357 | 0.2380 | 0.2422 | 0.2454 | 0.2486 | 0.2517 | 0.2549
0.7 || 0.2580 | 0.2611 §0.2642 § 0.2673 | 0.2704 | 0.2734 | 0.2764 | 0.2794 | 0.2823 | 0.2852
0.8 || 0.2881 | 0.2010 § 0.2030 § 0.2067 | 0.2095 | 0.3023 | 0.3051 | 0.3078 | 0.3106 | 0.3133
0.9 || 0.3159 | 0.3186 § 0.3212 § 0.3238 | 0.3264 | 0.3280 | 0.3315 | 0.3340 | 0.3365 | 0.3389
1.0 || 0.3413 | 0.3438 | 0.3461 | 0.3485 | 0.3508 | 0.3531 | 0.3554 | 0.3577 | 0.3500 | 0.3621
1.1 || 03643 | 0.3665 | 0.3686 | 0.3708 | 0.3729 | 0.3740 | 0.3770 | 0.3790 | 0.3810 | 0.3830
1.2 || 0.3849 | 0.3869 | 0.3888 | 0.3907 | 0.3925 | 0.3944 | 0.3962 | 0.3980 | 0.3997 | 0.4015
1.3 || 0.4032 | 0.4049 | 0.4066 | 0.4082 | 0.4009 | 0.4115 | 0.4131 | 0.4147 | 0.4162 | 0.4177
1.4 || 04192 | 0.4207 0.4222 | 0.4236 | 04251 | 0.4265 | 0.4279 | 0.4292 | 0.4306 | 0.4319 P(_l 82 < Z)
1.5 || 0.4332 | 0.4345 § 04357 | 0.4370 | 0.4382 | 04304 | 0.4406 | 0.4418 | 0.4420 | 0.4441 : —
1.6 || 0.4452 | 0.4463 | 0.4474 | 0.4484 | 0.4495 | 0.4505 | 0.4515 | 0.4525 | 0.4535 | 0.4545
1.7 1| 0.4554 | 0.4564 004573 | 0.4582 | 0.4591 | 0.4599 | 0.4608 | 0.4616 | 0.4625 | 0.4633
1.8 || 0.4641 | 0.4640 | 0.4656 | 0.4664 | 0.4671 | 0.467S | 0.4686 | 0.4603 | 0.4600 | 0.4706 - P(_182 S Z S O) + 05
1.9 Ud7lo [ UAVIY RUAVZ0 B U452 | UdVos | U474A4 1 U470 | UdVvob | U.47vel | U470V
2.0 || 04773 | 0.4778 § 0.4783 § 0.4788 | 0.4793 | 0.4798 | 0.4803 | 0.4808 | 0.4812 | 0.4817
2.1 || 0.4821 | 0.4826 § 04830 | 0.4834 | 0.4838 | 0.4842 | 0.4846 | 0.4850 | 0.4854 | 0.4857 .
2.2 || 0.4861 | 0.4864 § 0.4865 § 0.4871 | 0.4875 | 0.4878 | 0.4881 | 0.4884 | 0.4887 | 0.4890 — 04‘656 + 05
2.3 || 0.4803 | 0.4806 | 0.4808 § 0.4901 | 0.4004 | 0.4906 | 0.4000 | 0.4911 | 0.4913 | 0.4916
2.4 || 04918 | 0.4920 § 0.4922 § 0.4925 | 0.4927 | 0.4920 | 0.4031 | 0.4932 | 0.4934 | 0.4936
2.5 || 04938 | 0.4940 § 0.4941 § 0.4943 | 0.4045 | 0.4946 | 0.4948 | 0.4940 | 0.4951 | 0.4952 — O 9656
2.6 || 0.4953 | 0.4955 § 0.4956 § 0.4957 | 0.4959 | 0.4960 | 0.4061 | 0.4962 | 0.4963 | 0.4964 .
2.7 || 0.4965 | 0.4966 § 0.4967 § 0.4968 | 0.4969 | 0.4970 | 0.4971 | 0.4972 | 0.4973 | 0.4974
2.8 || 0.4974 | 0.4975 § 0.4976 § 0.4977 | 0.4977 | 0.4978 | 0.4979 | 0.4970 | 0.4980 | 0.4981
2.0 || 0.4981 | 0.4952 § 0.4983 § 0.4983 | 0.4084 | 0.4984 | 0.4085 | 0.4985 | 0.4986 | 0.4986
3.0 | 0.4987 | 0.4987 | 0.4987 | 0.4088 | 0.4988 | 0.4980 | 0.4980 | 0.4989 | 0.4990 | 0.4990
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0.00

0.01

C AR AR

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.0
0.1
0.2
0.3
0.4
0.5
0.6

0.8

0.0000
0.0398
0.0793
0.1179
0.1554
0.1915
0.2257

0.0040
0.0438
0.0832
0.1217
0.1591
0.1950
0.2291
029611

0.0080
0.0478
0.0871
0.1255
0.1628
0.1985
0.2324
0.92642

0.0120
0.0517
0.0910
0.1293
0.1664
0.2019
0.2357
0.2673

0.0160
0.0557
0.0948
0.1331
0.1700
0.2054
0.2389
02704

0.0199
0.0596
0.0987
0.1368
0.1736
0.2088
0.2422
029734

0.0239
0.0636
0.1026
0.1406
0.1772
0.2123
0.2454
02764

0.0279
0.0675
0.1064
0.1443
0.1808
0.2157
0.2486
02794

0.0319
0.0714
0.1103
0.1480
0.1844
0.2190
0.2517

L2

0.2881

0.2910

0.2939

0.2967

0.2995

0.3023

0.3051

0.3078

0.3106

0.0359
0.0753
0.1141
0.1517
0.1879
0.2224
0.2549

0.3133

0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0

0.3159
0.3413
0.3643
0.3849
0.4032
0.4192
0.4332
0.4452
0.4554
0.4641
0.4713
0.4773
0.4821
0.4861
0.4893
0.4918
0.4938
0.4953
0.4965
0.4974
0.4981
0.4987

0.5186
0.3438
0.3665
0.3869
0.4049
0.4207
0.4345
0.4463
0.4564
0.4649
0.4719
0.4778
0.4826
0.4864
0.4896
0.4920
0.4940
0.4955
0.4966
0.4975
0.4982
0.4987

0.5212
0.3461
0.3686
0.3888
0.4066
0.4222
0.4357
0.4474
0.4573
0.4656
0.4726
0.4783
0.4830
0.4868
0.4898
0.4922
0.4941
0.4956
0.4967
0.4976
0.4983
0.4987

0.3238
0.3485
0.3708
0.3907
0.4082
0.4236
0.4370
0.4484
0.4582
0.4664
0.4732
0.4788
0.4834
0.4871
0.4901
0.4925
0.4943
0.4957
0.4968
0.4977
0.4983
0.4988

0.5264
0.3508
0.3729
0.3925
0.4099
0.4251
0.4382
0.4495
0.4591
0.4671
0.4738
0.4793
0.4838
0.4875
0.4904
0.4927
0.4945
0.4959
0.4969
0.4977
0.4984
0.4988

0.5289
0.3531
0.3749
0.3944
0.4115
0.4265
0.4394
0.4505
0.4599
0.4678
0.4744
0.4798
0.4642
0.4878
0.4906
0.4929
0.4946
0.4960
0.4970
0.4978
0.4984
0.4989

0.3315
0.3554
0.3770
0.3962
0.4131
0.4279
0.4406
0.4515
0.4608
0.4686
0.4750
0.4803
0.4846
0.4881
0.4909
0.4931
0.4948
0.4961
0.4971
0.4979
0.4985
0.4989

0.5340
0.3577
0.3790
0.3980
0.4147
0.4292
0.4418
0.4525
0.4616
0.4693
0.4756
0.4808
0.4850
0.4884
0.4911
0.4932
0.4949
0.4962
0.4972
0.4979
0.4985
0.4989

0.5365
0.3599
0.3810
0.3997
0.4162
0.4306
0.4429
0.4535
0.4625
0.4699
0.4761
0.4812
0.4854
0.4887
0.4913
0.4934
0.4951
0.4963
0.4973
0.4980
0.4986
0.4990

0.3389
0.3621
0.3830
0.4015
0.4177
0.4319
0.4441
0.4545
0.4633
0.4706
0.4767
0.4817
0.4857
0.4890
0.4916
0.4936
0.4952
0.4964
0.4974
0.4981
0.4986
0.4990

(2) P(Z = a) =0.791

Pa<Z<0)
= 0.791 — 0.5 = 0.291

a = —0.81
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A =122k
T B
X~N(m,c?) 75513 aX + b~N(am + b, a’c?)

7 ¥ 5.21 (R#1{L =1Z#1)

X~N(m,c?) %l 7 =

m
~N(0,1)
o

5] 38 5.23 X~N(2,5%)

< "~
5 =5 S5

=P(—04<7<0.8) =0.1554 + 0.2881 = 0.4435

0—-2 X-2 6-2
Pm<X<6)_P< )



5 5% EAMRERSM 5.2 EHaom

X M IERS N(=1,22) IZHED & &,
(1) P(X < 2.29) =23K& &,
(2) P(X >x)= 001 THEHLHO)H x DEZKD L.



5 5% EAMRERSM 5.2 EHaom

X~N(=1,2%) 1T L T
(1) P(X < 2.29) =3K& &£.

~N(0,1)

Sl X~N@m,o? ‘ 7 =

P(X < 2.29)

. (X —(-1) _229- (—1))
2 2

= P(Z < 1.645)

= 0.5+ 0.45 =0.95



5 5% EAMRERSM 5.2 EHaom

X~N(=1,2) 1L T
(2) P(X >x)= 001 THBHLH70 x DEZKD L.

Z#{tk X~N@mos>) mmp 7= ~ N(0,1)
0)
X—(-1) x-(-1 x+1
(X >2) ( 2~ 2 ) ( 2
P(Z > 2.33) =0.01
0.01
x+1_233
—=2
0 z
x = 3.66

2.33
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Lim
T

N e E®T7TIIN—FT T XDE

"B B(n,p) lEn HREWVLEE,
R CF & 2Ee © DIER D IS L.

B(n,p)  N(m,0%) m=mnp, ¢®>=np(1l—p)

. B(100,0.4) ~ N(40,24)
m =40, o?= 24
0.06
0.04
0.02
0

0 10 20 30 40 50 60 70 80 90 100



Lecture b JEEME [ * 27EE]

MWRE 5.7% X %Z [01] EO—F kD HICHE D ERZRET 5 & E, —log(l —X)
TN TICHED Z & TRt

[7E 5.8 X,Y Z [0,1] LEO—BkDHICIE D MU BHERETHRETHEE, X—Y
DEEREE &KD L.

W2 5.9 Z~N(0,1) &9 5.
(1) #EX p(Z = —1.82) & P(|Z| = 2.13) Z3R& k.
(2) P(Z=a)=0.791 B’ YILDE D a ZRD L.

FIRE 5.10% (1) X ~N(20,4%) D& &, P(X > 17.8) 3K L.
(2) X ~N(25,62) D&EE, P(-014 <X <a)=0425 Z&7-9 a ZKD L.

#&E 5.11* [[REE] XRBRE2EDTFIRE m, FERELZ c L T5HLE, 15

=mx DIREET
x—m

50+ 10 x
o

TERIND. SBRELEROEBENHIZERDFHICHKED & LT, REMEA 55 UL
FICHBHEXRE, TAL20% OREMEAZ KO L. /-, REEINAICHKRYES Z
ElddH 5D,
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Lecture b JEEME [ * 27EE]

®#E 5.12 (1) t>0 L TRANKY LD &L ZRE.

@ T
f et dx = £ t>0.
0 24/t

(2) (1) oW % t TN T 52 & TRAERE.
foonne_xzdx = vr (2n).
0

g M=012

(3) EAEEHDH N(0,1) DE—A ¥ FZFHEL L.
IEE 5.13 &R

WA 5.14 FEEEELETAODNZFLETZ2HEFIOHOTESoN R BHEMC
HEZD. CHhoEDRHRAEREIO LITLIRAZRENB ET5.2F Y,
LOAB =0 P [-n/2,t/2] EDO—KDWICHED. BERAB D x BHE XD D =D x
FEiRZ X &35 & &, REH X OBREBHD,

fx(x) =
EHRY), A== D 2 & xR,

(1l + x2)

H@E 5.15 - 5.18 Bl 38
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REXDER & P OBREREE

[#RHE]

2 6 F RHDER] & RO EER E
6.1 K& D %R
6.2 F/LVEPR E 32




56 8 RMDER & ROERREE 6.1 KEDEE]

K D%E8] (Law of Large Numbers = LLN)

[ sEm ‘ [ mh
B m ﬂ_ﬂs;é'_:,
i bt i fas] XXy, o0, Xy,
B8 o2
\_ \§ J

EERDKE é n At KZIINIE, ERFEEG XD
BT m (1 L\c\:\,\’)g_c\:%fgﬁ'é_%.
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FERR !
ZNATEE m ISHEWEIFEIRIBIRED?
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VI AR RS
=1 (Fkn & =),

X11X21
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II
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IIM:
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A#EDEH] (Law of Large Numbers = LLN)

EROREE n T+ REINE, BARFII X HDEFT m |

ZZ

3|P—‘

B 6.1 (REDFEHER)
FFT m 2 H O0mD 5 DEFR/ER X, Xy, -, Xy DIEF

744
n Z f
k=1

CIEED e>0 LT, ROILHAEY L.
P(|IT,—m|=¢€)—>0 (n— o)

|-




56 8 RMDER & ROERREE 6.1 KEDEE]

TEL7 (FxbEY T T7DONER)
EXEHNX DI m, D2 2L 28X, FED e >0
12X LT, ROARFEAD LY ILD .

0.2
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€

J ()

AN

< »{—4 > X
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R DEH]DEEAA
X T, DAV’ EHE2bDE LT, ToEY 2 7DONRERE([FE > CEFET 5.

k=1 k=1 k=1
n n n

WN—V12X —121/()()—-1 20

" \n oo | p2 k)™ n2 ° =
k=1 k=1 k=1
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K Di%ER) (Law of Large Numbers = LLN)

FE 6.1 (KR#Eng:£A)
B m OoBERA» SEY B LZEEAIER X, X, , -, X,

DIZANI % L
Tn — E z Xk
k=1

EITNIE,EED e >0 1T LT, ROAHRY ILD.

lim P(|T, —m| =€) =0
n—>00

E E 6.3 (REDsaER)
AR E 2R

)

P(lianzm)zl

n—>00o
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>
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RERESES

. 1

EIRD =77 A0 N(m, 02)

fx) =

1

V2mo?

e

_ (x-m)*?
2072
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i CVEBREHEE (Central Limit Theorem = CLT)

EIE 6.8 (CLT)

98 m, 9 & 2 D— 5 ORFEMA HEY B L 7-FEEA
EAR X, X, X, ICH LT, n A+ KRKENE X,

‘=%zxk ~N(m,%> (*)

AR 12 B Y 3T D.

|-

AR EHEBEFE N(m,o?) DBAE, () 13RI Y 3.

ST T UTEE (2575 20H) £V 5. ek
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=1

CLTIX3

HRICLCIRNS

N~
S =71+ Zy+ 427, = ZZk
( = IR
Z, Z, Zs Z, 7,

71,2, Ly, RAL[E) D TR IR FHER 5]

n ZNZENDOFEIGE =m, P8 = o?
E[S\] = ) ElZ] = nm

k=1
CLT Sp—nm ~ N(0,no?) (n— o)

N WERENEET B L EADEL T IXERDHIC
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BlgE 5.4 (CHEAHBOERSTER) L F-2770-5752088 |

_IE/\?EB(n Mg, nA KEWEE, RICFHES
DT HDIERD Nnp ,np(1l —p)) THLITEZE 5,

Z1, 2o, Ly 2 NI XA T
ZNZENDFIIE =p, DX =p(1l—p)

Xpn=Z1+2Z,+-+Z,~B(n,p)
p(1—p)
CLT | zzk ~ N(P ” )

Lf:fﬁ’)f, sz ~ N(Tlp;np(l_P))
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\ —

- i —

= (*BEMIE)

I— |

B BB RNFaaA r&400[aEITZE T, E£A225

H D HESR 2 KD K.

Pk

X : RO
X ~ B(400,0.5) ~ N(200,10%) AN

P(X > 225) = P(X = 224.5) N

(X —200 . 224.5 — 200
B 10 ~ 10

= P(Z = 2.45) | 224

= 0.5 —-0.4929 = 0.0071

|
225

226

T
227
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Johann Carl Friedrich Gauss (1777-1855)

DD2676488N5

ZEHN DEUTSCHE MARK

THEORIA

ERRORIBUS MINLMIS OBNO,

rrrrrrrrr

uuuuuuu

CAROLO FRIDERICO GAUSS

"OHE R E S

19 A LIZFEDEREEFDIFE A E DY

TFICFEEZEZTWD

« RYEE. FAHERDOHEAEE

« E+EBEOER., REFOERTE
B, 92BN (REEF)

o w/INZIEMLET)

« BEH. HURFER. EEEBEH

- BHRHEDYEZR

1807 F ~#&R4E
Ty T4 T vORIERE JFR)

1809F [XK{FA1EFT:m]
BRN_FEEAXRA W T — XL,
FiR 2T
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Lecture 6 JEEMIE [ * X7EE]

IR 6.1% HAKRKFTIZBEDT—RICL B EAFHRBOAKREOAN, AF%
BRI A2HDH4% N5 0D, 1000ADEEDE ZAI0B0AEIRE L& &,
TEENZRITHERZ _IEHNMOIERSmaME AL TKSD L.

R9SE 6.2 BHE n DN A 2ENH 2 1E, n BARE IFNIFERDT N(n, 2n) IS
SEWZ & A RLVEREEE UL CORE.
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FT1TE BHOEE 7.1 EAHBHOEXRETIL

LT HIHERE D E A H A

C meER )

Population
7 f BER
|| '
SRS
B} 0
\ %
& ‘Eld) n-l—i
B, 2Rl RE

Sir Ronald Aylmer
. Fisher (1890-1962)

\_

Samples

B0 D
X, Xy, X, HETE
J

T = T(Xl,Xz, ,Xn) C: cJ: 2 T
B0 DIETEESE T 5
(RO BE

1) BENLERT 25252k
km EEYDTMAEL5Z DT &

~N

J




BTE BHOHEE 7.2 RHEE

FIHEDHETE

T eEm )
NZiZ ,; a
jwf@ 18t

\73 oo

TEix EARY 1
X =-—
n

\?ﬁﬁﬁﬁﬂ -




BTE BHOHEE 7.2 RHEE

4 )
FEH ‘ EPIN
B m ,ﬂ_ﬂzg h
S EcHiH X1, Xz, e, X
\_ J
1 n
BATH £ = Z FHELMTH 2
sample 1: sample 2:
x11x2)x3;'“;xn_)f yl'yZ'y:g’”.'yTl_))_,
X y
—_——— - - - - ———

l 1 m




BTE BHOHEE 7.2 RHEE

FI 7.3 H=

F15% m, B0Ex o £ T 5.

EATH X =

S|

z X, OTHE L 8%
k=1

E(X) = m, V(X) =%2

|-

AEAR [EigE gt (EIE 4.8)
MERZTH XY & T a,b ICXTL T

E[aX + bY] = aE[X] + bE[Y]

E()?)zE(%zn:Xk>=%zn:E(Xk) =%§:m=m
k=1 k=1 k=1



BTE BHOHEE 7.2 RHEE

EE 7.3 HFEH%E m, 898% 02 £T 5.

1< _
EATEY) X =- z X, OFHEE 8L
n

EX) =m,  V(X) = %

At [HttoinistE] (F3 4.20)
WML HERTH XY & T a, b [IXFL T

VliaX + bY] = a? V[X] + b2 V[Y]

n n n
_ 1 1 1 ,
ViX)=v ;ZXR =ﬁzV<Xk)=ﬁZ“ =

0}

2
n
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[ A%E HIER s
‘fﬁ’j m (T XXy Ko
1 n
EAFY X = - Z FHEZHTH 2
n —
E(X) =m N =t EREEEEH 5T
0 - B OHEFE(E &
=Y ERRY el

l 3 m




BTE BHOHEE 7.2 RHEE

[ meqm ﬁ1’ﬁ%f§7‘c¢ﬁﬂﬂj>( fe )
ISEO X, Xy, o, X
L ) R DT T "

WHTEET=TX,, Xy, X,) IJEXZTHTH S

KT =D EIND 0 =T(x,x,,,x,) [ THEEEEL LS.

sample 1: sample 2:
X1,X2,X3,"*", Xp 2 T y11y21y3""1yn_)t’

—_— - - —_—
S ;




BTE BHOHEE 7.2 RHEE

- E= (unbiased estimator)

Nt

—/ ==

E &R BHODODHEEET =TX,,X,,,X,) D, E(T) =6
Emlc T EENREEETHD WD,

TFTE 7.3 D= R

%
\I—T—l

E: it E(X) =m &%7-7

Slb—‘

|~
INI

Thbhb, ERXESH X FHFFETIm ORNBEEETH 5.
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El AN B N —=PAN

e ‘ [ Ex
ﬂ%@ m BER 5
AN -bantiiifan Xy, Xy, o, X,
\ B _ )
B EAS
n
. 1
_ 1 , _ 1 z - ,
" k=1
- R4 B
n
y? = X — B2
n—1 k



BTE BHOHEE 7.2 RHEE

EE 112 H¥H9% m, 898 % o2 &4 5.

(1) BARDEL S% = Z(Xk X)? OFHEILRZimT-d

n—
E(S%) = - 02

S

(2) MROBL U? = X, —X)? OFEHEIL

E(U?%) = o*°

Emlcd. TRbDL, U TR o O NMRHEEETH 5.

AEf RtEThAY S EREZR L)
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MEFT (BEHMTEFHA)

T = Clka 7LC7LC5 [./ ap, = 1
2 Z
1 n
=hns - oy ] _Z —
—erD:C\_’é_ﬂﬂﬂ‘mzli Tl Z
E B INEFI IS DA RHE THb
E|T] = a, E|X,] = a,m=m

K — RIS, BRONMRHEEZEII TS SAHS.



BTE BHOHEE 7.2 RHEE

Ay

CE2ERELAMEES

T: B0 ONRHEE (59 5&ET)=0)
T O = Fg288= . V(T) = E{(T - 6)%}

— 3 —— e ———
AN

B E(T) =6

X NMRETEDODRIIETEODRIDEREL D
(DB NEWIEHEEE L TENTWS)

T, T, - B 0 ONRET=E
V(T,) < V(T)
T, 1 T, £YAEZ (efficient) THD &L,
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BTE BHOHEE 7.2 RHEE

1 7.15 BEAFEIIMEFHORTRLIBNTH 5.

n
T = Z 0 X, DFYIRBEANE TS,

k=1 k=

=

w
Il
=

1
a,=— DEZXV[T] Bw/NTLED
n

X, =X 72FV,ERF

zlr—*
||M:

X NMREEENDH TCHRLBENLLDNAEL L L !
T7Av Iy —1BREREZHAWVIIERI’DH 5. .



BTE BHOHEE 7.2 RHEE

IR 7.7 (KA VB ERE)
IBFDDIEICELESA DOV TWSIHEANHZXKEILTWS, HESINL
%% X]_;XZ;°";Xn L:}l(r_l- L/T, %ﬂ'\O@EEij(ﬂE%M — maX{Xl,Xz,’”,Xn} t

B Z0EE, N=(1+)M -1 BEEOHRE N OTFHEETH 5.

M DRfmERD 5.

h) nlk—Dk-2)(k-n+1)
™ T (n=DINN-1D - (N—-n+1)

P(M =k) =

nk-Dk—-2)(k—-n+1)

< k<
NN—1)(N—-n+1) nsksN

M OFIEZKD 5.

N
E[M] = kP(M = k)
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IR 7.7 (KA VB ERE)
IBFDDIEICELESA DOV TWSIHEANHZXKEILTWS, HESINL
%% X]_;XZ;°";Xn L:}l(r_l- L/T, %ﬂ'\O@EEij(ﬂE%M — maX{Xl,Xz,’”,Xn} t

B Z0EE, N=(1+)M -1 BEEOHRE N OTFHEETH 5.

N

n
=N(1V—1)...(1v—n+1)Izk(k_1)(k_2)"'(k_"+1)

E|M]

N
Zk(k—l)(k—Z)---(k—n+1)
k=n

N
- Z{(k + Dk(k—1)(k—=2)-(k—n+1)
k=n —k(k—l)(k_z)(k_n+1)(k_n)}x

n+1

=(N+1N---(N—-n+1) X

n+1 1o
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IR 7.7 (KA VB ERE)
IBFDDIEICELESA DOV TWSIHEANHZXKEILTWS, HESINL
%% X]_;XZ;°";Xn L:}l(r_l- L/T, %ﬂ'\O@EEij(ﬂE%M — maX{Xl,Xz,’”,Xn} t

B Z0EE, N=(1+)M -1 BEEOHRE N OTFHEETH 5.

n

EMl =Ny (v=nt D

N
Zk(k—l)(k—Z)---(k—n+1)
k=n

n
=N(N_1)“.(1\,_714_1)><(N+1)N---(N—n+1)><n_|_1

X (N +1)

n+1

n+1 n+1
—E[M]-1=N > E[ . M—1]=N
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BTE BHOHEE 7.2 RHEE

IR 7.7 (KA VB ERE)
IBFDDIEICELESA DOV TWSIHEANHZXKEILTWS, HESINL
%% X]_;XZ;°";Xn L:}l(r_l- L/T, %ﬂB@EEij(TIE%M — maX{Xl,Xz,’”,Xn} t

B Z0EE, N=(1+)M -1 BEEOHRE N OTFHEETH 5.

Month Stat'istical Con\./entio:al German records
estimate estimate™)
June 1940 169 1,000 122
June 1941 244 1,550 271
August 1942 327 1,550 342

*) EEBIFERARDOIEHRFE
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Lecture 7 JEEMIE [ * 17EE]

HWE 7.1 BF¥ESm 98 o252 HOKEE N OFRABERD O EFAIEETHE
TREIINIZKES n DIEEEXRE X, Xy, X, £T5(1 <n<N).
(1) E[X;] =m, V[X;] = 02 % <H.
2) i#jDEE, X & XK;OHPBERBREICOVWT, XRETE.
o2 1

) Ty.x. = ———=
N-1 iX] N -1
(3) AEY X I2D2WT, RuERY.

_ _ N—no
E[X] =m, V[X]=N_1 -

COV(Xi,Xj) = —

2

WRE 72 N>1%2TFHET 5. {1,2,..., N} o EEAFFETHE CRYES
NTZKZEI n DIEKR X1, X,, .., X, ICXT LT,

S = min{XliXZI "')XTL}I T = maX{X]JXZI ---;Xn}

CH<(1<n<N).
(1) S Do%s, EIME E[S], DELV[S] 2K k.
(2) T D94, FI9ME E[T], DB V[T] 23K &.
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Lecture 7 JEEMIE [ * 17EE]

I 7.3 X [a,b] LO—BDIZHE 5 IR BHERZHI X1, Xy, ., Xn D
i HEDIEFHTE Xy £ T 2.

(1) E[Xxp] & V[Xp] &Ko &£
2)1<i<j<nllo2WVT, Xy X PEBERBRBEZRD L.
B 7.4% Xy, .., X, XA [a,b] LO—FkDHICH D BEEAD OEY HEINLK
EInOEXRLEL,
S = min{X, X,, ..., X, }, T = max{X, X,, ..., X, }
E9DH. IDET,

nS—T nT — S

, B=
n—1 n—1

A=

TZENZEN a,b DNVREEETHD Z & %ZL,V[AV[B] Z:TEE L.

[WRE 7.5% X{, ... X, Z2BF¥I m, 98 o? OBEFHIP IRV EENTZKEES n
DIERET S, TDEZE,

1 _ _
T = —mZ(Xi -X) (X - X)
£
S 6? O NMREEE THA Z & Zxnt. 72720, X 1IBRFIHTH 5.
X [IRE 7.6-7.9 (388K
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SO AHE ()

4 ) e — 4 )
£ ,awﬁz%@nmu:> =

B9 m X1, Xp s, X

D EN o2 y BEAREICK HETE

>
I
S|~ [

n
zxk ICDOWTELIZCRI» TWA Z &
k=1

(1) CRMREIE] E[X] = m (2) [—=itE] P ( lim X = m) =1

l I m

ERICEONDZDITZ IEOHIE X TH Y, _ )
FNAMIZENHAE I HELTNBTHB. * EREMEZFMmT 5
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BAREIGICET 2 EARTEE
AT
([ B2 g [ mE o
BFAm || g Y Xe Xy | X=2 D X
AR \ y k=1
— 1 = 0'2 3 _)?—mN
£=1%x, NN(m,7> Bl > 7= =~ NOD

k=1

(1) —foHEFRIZH L TE, n A+ REWE &, LIS Y IID.
(2) EFRAERICKN L TE, 2D n TEHEICHKY L.

X (1) FHRORREE(EE 6.8) TH 5.
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il

X B

S RV r——1
ﬁflLi&j@ iF‘EﬁT:A:
[ OED ) g

BEEm | g
 B2Ee?

X —m
Z = N ~ N(0,1)

a/?

BATH
=N L&
X, Xy, o X, X=— sz
\ k=1

P(—z(a/Z) <Z< Z(a/Z)) =1—a

\\ _J
Y
G<)? < ° (a/2)
—7Z — —-_ M s Z— Z =2\
Jn Jyn
& X ° < <X+ °
—Z —sSsSms=s J —
Jyn Jn

z(a2) E@la/2 =
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\Bz

b N7 HE
SEE] pryToE EFIN n
BT m || e ;]
= e XuXo, Xy | K== X
 B2Ee? % ) ]
ZZ__m"’N(O,l) Pfoz—<m<X+z—)=1-a
o/\n n B Jn

BoN-ERESH x 2T, XHE
9

Jn

HEZDE, BEEN1—a T, FOH|C

g an X+ z(a/2)

z(a/2) B¥EEm zimEFATW5.
Fla/2 =



BT1TE BHOHE 7.3 XEHE

RO XEHTE (B aBLAD)

- EA T
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$’7';‘] m ﬂﬂzﬁ 7l§" ~ 1 n
/\ﬁ/ 2 ?Ei*ﬁﬂj XllXZ ) ___’Xn X = E z Xk
S B8 o y L ) -

B m (SXF T DERRE 1 — a DIEFEXTE]

X+ z(a)2) —
Z\a
T \/_
v_, 2 % O \_,_ -« al2
P<X _nSmSX+Z Fn) 1—«a
X BN EL 0?2 D EEFRI DS EIZFE D . z(al2)
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B
S (x)
M B 0
frateoHEE

—
EFIN

Xl,XZ, ...,Xn

X EH#EE (Interval Estimation)

6T L7-W\WEEH CRATH 5D TEH)
X1, X0, X 2 nEOEERIER

> INEREOEFEICRKALT, o
-EBICL>T,0 DEFEZHET S

>0 1AXR [LR] IBET 2 L EHT 2

>EFELTZVLWAD LNAEVLWO TEEE
ANE]

HERDREE LWEHRL RAZBHI &
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E I 7.33 (t-ZH#h)
X, Xy, X, P IERRBEN N(m,0%) oY HE 7 n BOEEAIZER

n
_ 1
AT X == Zxk RAEANE © 2 =
k=1

— X)?
DL = Tz)?_mc:cEEEFEn—w)t—éa\%Et (ZHE S
— ’ U/\/ﬁ n—1 .
kb B X—m :
7 ~ N(0,1) ZREERSH

~ o/yn

(1) EHEAERIZN L TIE, FED n TEHBICAY ILD.
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0.4 4

0.3 4

) n+1 02
LBy
_ n

\/nnF 2)

f() =
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T 7.33 OIRHD - (213 HEE n-10
= LA | {ﬁ%Z% ‘5
X 1 ., (-nUz

Z - O'/\/ﬁ NN(Oyl); Y - 0_2 Z(Xl X) - 0_2 Xn—l

ZEY WHIEDT, -5 ty_, OEEDDS 2 ¢
Y
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N(0,1)
04 -

0.3 4

(Tl + 1) n+1 021

—_ tz _T -
f(t)_\/ﬁr(%) (1"'}) .

« N(0,1) ICEEXRT, T ZHFAEL.
- BHE n-> oo Tt,-2HIIREIERDH NO,1) IZ—3F 5.
« £ L, n>30 TEEIERSM N(,1) THA.
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t Z2HIC L D EEXEDEL

L

n
_ 1
BATH X=- X
n
k=1 an
1 n l-a
MRDEL U2 = — Z(Xk — X)?
k=1 Ip-1(a/2)
X —
r=""" ¢, P(=tn-1(a/2) ST < ty4(a/2)) =1—a
U/n _ ),
Y
BREEn—10t 9% Uu _ U
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t Z2HIC L D EEXEDEL

L

n
_ 1

BATH X=- X

n

k=1 a2

1 n l-a
TRAB 2 =— 1Z(Xk—)?)2

k=1 {h1(a2)
T=X_m~t 1 P(X tU< <)?+tU =1
U/\m " Nl )T«

HHEn—10 t ©%
BEE m I T 2EBRRE 1 —a OEFEKXE

_ U
X+t 41(a/2) \/_ﬁ
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BIRE 734 XD S8EDOT—XHSHEEHD 90% EEXEZ KD L.
227 21.6 23.0 22.4 22.2 21.3 23.1 22.1

1 00% {SHBXRE %+ t,(0.05) —
X = 52’” = 22.3 (SRR + t7(0.05) V8
u? ZEZ(x__f)Z HEHE 7 Ot 9%

7 l

1 8

= 72 xf — 5 %* = 0.6377 90%

_ t
roX-m . Ef 5 %5 t7(0.05)=1.895

ujn

637
= 22.3 + 1.895 X =22.340.43
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t DA D
HAl o &=

tn(a)

3 0.250 0.200 0.150 0.100 0.050 0.025 0.010 0.005 0.001
|} 1.00000 ] 1.37638 | 1.96261 | 3.07768 | 6.31375) 12.70620 | 31.82052 | 63.65674 | 318.30884
2 0.81650| 1.06066 | 1.38621 | 1.88562 ] 2.91999] 4.30265| 6.96456 | 9.92484 | 22.32712
3 0.76489 | 097847 | 1.24978 | 1.63774 | 2.35336) 3.18245| 4.54070 | 5.84091 | 10.21453
41 0.74070 | 094096 | 1.18957 | 1.53321 )] 2.13185) 2.77645| 3.74695| 4.60409 7.17318
51 072669 | 091954 | 1.15577 | 1.47588 )] 2.01505) 2.57058 | 3.36493 | 4.03214 5.89343
6l 0717561 09005700 1. 134160 1439760 1 943180 2446071 1 3 142671 3 70743 5320763
T 071114 | 0.89603 | 1.11916| 1.41492 ) 1.89458) 2.36462| 2.99795| 3.49948 4.78529
B[ 0.70639 | 0.88889 | 1.10815 | 1.39682 | 1.85055 2.30600 | 2.80646 | 3.35539 4.50079
S 070272 | 0.88340 | 1.09972 | 1.38303 ] 1.83311) 2.26216| 2.82144 | 3.24984 4.29681

10 0.69981 | 0.87906 | 1.09306 | 1.37218) 1.81246) 2.22814| 2.76377| 3.16927 4.14370
1T 0.69745 ] 0.87553 | 1.08767 | 1.36343 ] 1.79588) 2.20099 | 2.71808 | 3.10581 4.02470
12| 0.69548 | 0.87261 | 1.08321 | 1.35622 | 1.78229) 2.17881 | 2.68100| 3.05454 3.92963
13| 0.69383 | 0.87015] 1.07947| 1.35017 ) 1.77093§ 2.16037| 2.65031| 3.01228 3.85198
14 | 0.69242 | 0.86805] 1.07628 | 1.34503 | 1.76131) 2.14479 | 2.62449 | 2.97684 3.78739
15| 0.69120| 0.86624 | 1.07353 | 1.34061 | 1.75305 2.13145| 2.60248 | 2.94671 3.73283
16 | 0.69013 | 0.86467 | 1.07114 | 1.33676 ) 1.74588) 2.11991 | 2.58349| 2.92078 3.68615
17| 0.68520 | 0.86328 | 1.06903 | 1.33338 ) 1.73961f 2.10982( 2.56693 | 2.89823 3.64577
I8 || 0.68836 | 0.86205| 1.06717| 1.33039 ) 1.73406 2.10092 | 2.55238| 2.87844 3.61048
19| 0.68762 | 0.86095] 1.06551 | 1.32773 | 1.72913§ 2.09302  2.53948 | 2.86093 3.57940
201 0.68695 | 0.85996 | 1.06402 | 1.32534 | 1.72472) 2.08596 | 2.52798 | 2.84534 3.55181
21 || 0.68635] 0.85907 | 1.06267| 1.32319] 1.72074 2.07961| 2.51765| 2.83136 3.52715
221 0.68581 | 0.85827 | 1.06145) 1.32124 ) 1.71714} 2.07387 | 2.50832| 2.81876 3.50499
23 || 0.68531 ] 0.85753 | 1.06034 | 1.31946 ] 1.71387Q 2.06866 | 2.49987| 2.80734 3.48496
24 1 0.68485 | 0.85686 | 1.05932 ] 1.31784 | 1.71088) 2.06390 | 2.49216| 2.79694 3.46678
251 0.68443 | 0.85624 | 1.05838 | 1.31635| 1.70814) 2.05954 | 2.48511 | 2.78744 3.45019
26 | 0.68404 | 0.85567 | 1.05752 | 1.31497 | 1.70562) 2.05553 | 2.47863 | 2.77871 3.43500
271 0.68368 | 0.85514 | 1.05673 | 1.31370§ 1.70329Q 2.05183 | 2.47266| 2.77068 3.42103
28 1 0.68335| 0.85465 | 1.05599 | 1.31253 | 1.70113) 2.04841 | 2.46714 | 2.76326 3.40816
291 0.68304 | 0.85419 ] 1.05530 | 1.31143 | 1.69913) 2.04523 | 2.46202 | 2.75639 3.39624
30} 0.68276| 0.85377| 1.05466 | 1.31042) 1.69726) 2.04227| 2.45726| 2.75000 3.38518
35| 0.68156 | 0.85201 | 1.05202 | 1.30621 | 1.68957) 2.03011| 2.43772| 2.72381 3.34005
40 ff 0.68067 | 0.85070 | 1.05005] 1.30308 § 1.68385Q 2.02108 | 2.42326 | 2.70446 3.30688
451 0.67998 | 0.84968 | 1.04852 | 1.30065 | 1.67943) 2.01410( 2.41212 | 2.68959 3.28148
S0 0.67943 | 0.84887 | 1.04729 | 1.29871 | 1.67591Y 2.00856 | 2.40327| 2.67779 3.26141
00 || 0.67449 ] 0.84162 | 1.03643 | 1.28155] 1644850 195996 | 2.32635] 2.57583 3.09023
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William Sealy Gosset (1876-1937

VoLume VI MARCH, 1308 No. 1

7 i i BIOMETRIKA.

Edinburgh
1HUZ
n THE PROBABLE ERROR OF A MEAN.
Y AT T A
Manchester By STUDENT.
FLNFLE yrT— i
Liverpool >
1 Iutroduction.
O R ANY experiment may be regarded as forming an individual of a “ population”’

L8idR0 of experiments which might be performed under the same conditions. A series

of experiments is a sample drawa from this population,

Now any series of experiments is only of value in so far as it enables us to form
& judgment as to the statistical constants of the population to which the experi-
ments belong. In a great number of cases the question finally turns on the value
of a mean, either directly, or as the mean difference between the two quantities.

F%

If the number of experiments be very large, we may have precise information
as to the value of the mean, but if our sample be small, we have two sources of
uncertainty :—(1) owing to the “error of random sampling ” the mean of our series
of experiments deviates more or less widely from the mean of the population, and
(2) the sample is not sufficiently large to determine what is the law of distribution

1 8 9 9 ;I Z t\\ -_— ) l/ l Ery of individuals. It is usual, however, to assume a normal distribution, because, in
> / F \_ /I:_I-I L a very large number of cases, this gives an approximation so close that a small

1906-072 H—JL - T Y 028 '
- _ N cINERDOBIEZ R D
1908 REY (T VAR ) ]
EE%CLFFHK( T a—7 ~ ﬂ%) (7/{\/\/’\7 75\ <E§|z,ﬁﬂ-l>
193654 FHZ D O v N U EEERTICERE) -HEFoER (G, B
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Lecture 8 JEEMIE [ * 27EE]

WRE 7.10% KEAELLEZOHDIOY FHDHKE X 25 DIEARAEEA TR
MEZATE LT T, F153.28g OFRMYHLEENTW . ZOTHDOITED
o, NMEMEIZTIRERZ 1.25 ¢ DIERDHICHKE D 2 EMWRBEBRIICHA > TW5.
ZhORy FREIIBIT AN OFIIEEDIOEBEXE = KD L.

BB 7.12% HE5HETCERLIZIEEYEOEE(Q) IZERDTICHIED Z & MR
ETZ 5. ERIC, 10RO EERTEoNT-EEIZIRDEE Y TH - 7-.

23.3 222 26.7 248 223 235 228 238 248 21.8

CDOEETEoNIIEFMBEOEEICOWVWT, FFHDIBREBXEZ KD L.
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Sng Y=

T Bz S, BEERE

JIEAL T/EXA b WER | R
1 |ETLENR - 2w (4/10) NHK# & 23.1 %
2 |H29 (4/10) FLEFHH | 15.2%
2 | REFZY - BEEAZE (4/11) FTLE#BH | 15.2%
. ZIT— 3N TR W%ﬁﬂ@lﬁwr—7y%be 127 %

~ (4/8)

o g R T \
s TR SR s T [rvema [ s
6 |BErI~< - A4/ F (4/12) TBS 11.3 %
7 |BXRo#ELE ! (4/10) HAFLE | 10.3%
8 |ZEHEEZE (4/11) T L EEAH 9.9 %
9 |WETA~FERAY LEY 78~ (4/14) NHK# & 9.6 %
10 (98Bl (4/10) T L EEAH 9.5 %

EFFUH—Fit  BAERHEX (F7<)
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B BEERMX DRREFHEIL 600 HELZHTRICLTWLWS,

NEfsz w|EXA hIL kR | BE=
1 |EHETLENS - B D2F S (4/10) NHK#:R & 23.1 %
2 |49 (4/10) > L FEAH 15.2 %
9 |WETA~FERZAFY LEY 7B~ (4/14) NHK#: & 9.6 %
10 |%F#89(8,] (4/10) 7L EE A 9.5 %
95%{EFE X ]
p(1 —p) 0.231(1 — 0.231)
p+z(a/2) =0.231+1.96 x = 0.231 + 0.034
n 600
(1 —p 0.095(1 — 0.095
5+ Z(a/Z)\/p( - P) _ 0005 + 1.96 x\/ (600 ) 0.095 + 0.023
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BT E BHOHETE 7.3 XEHEE
THEn DAA 2T DM (xi-7210)
> 77 Xn~7]
n\a 0.995 0.99 0.975 0.95 0.05 0.025 0.01 0.005
1110.0%4393 | 0.0%3157 | 0.0%082| 0.02395 3.841 5.024 6.635 7.879
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