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GALTON’S

PROBABILITY BOARD

HORACE HAS A
DEFINITE PROBABILITY OF
HITTING THE BULLSEYE
HE CAN GET AN IDEA OF THIS PROBABILITY BY COUNTING THE
NUMBER OF DARTS THAT HIT THE BULLSEYE, AND COMPARING
IT WITH THE TOTAL NUMBER HE THROWS.

THE MORE DARTS HE THROWS, THE BETTER HIS CHANCES OF GETTING
A GOOD ESTIMATE.

THIS MACHINE
DEMONSTRATES
HOW A PROBABILITY
CURVE CAN BE
FOUND BY
EXPERIMENT

#9953 3 E€ccen
IN EFFECT, THE GALTON BOARD THROWS A BALL AT THE CENTER BOX.
THE PINS INTRODUCE ERRORS (AS HORACE DOES) THAT MAKE MOST OF
THE BALLS MISS THE BULLSEYE.

WE CAN ESTIMATE THE PROBABILITY OF HITTING A GIVEN BOX BY
COUNTING THE NUMBER OF BALLS THAT LAND IN THE BOX

NOTICE HOW CLOSELY THE CURVE FORMED BY THE
BALLS MATCHES THE CURVE PAINTED ON THE GLASS

The curve painted on the glass

e e TR was calculated by a formula.
Unprodiciable | Moro Prodicable

IF A RANDOM EVENT HAPPENS A GREAT MANY 1
1S

T T IF PEOPLE WERE STACKED N 80XES ACCORDING TO.

s
ARE LIKELY TO BE PREDICTABLE* THER G- SCORES, THEY WOULD FORM THE ‘NORMAL CORVE"

€S20
P A ”@@ iz
\

Wit the probbily RELATVE FREQUENCY”
spprasching ceranty 3¢ nc 3
please, we may expect tht

vent n 1 seie of independent
s i et o

will dife fram that pbal
Ly ot i

WHEN THE BALLS ARE DROPPE RE AL AIMED AT THE CENTER 5O
ALL'THE ERRORS CAUSED BY HIFTING THE PINS DETERMINES THE BALLS. FINAL FOSITION

B 2 e e e
of il s sfficiody g FEv, The average of many independent errors almost always leads to

the Normal Curve, no matter what the underlying process may be.

THE "CENTRAL LIMIT IS A PRECISE oF 'WHICH LEAD TO THE NORMAL CURVE.

aautons 1877
)

() PROBABILITY 1S ADDITIVE (B

that box, aad comparing it with the total e e
number of paths. T bl R ey

o THE QUINQUNX

he pins in the Galton Board a
ranged in a figure fouad in na
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S5KREHIHRIXLL

BRALESTHET

ANERMHHWRERM, HIBER T —MECRZASERE EEEIR
BN EEFERR T IZECRAAS 1,000 MTAEREND T
BABEAGBEHAR 100% BREREAE (D), HBHSERN
BIEE 1.0%, inEE 4.5%, HFAFLA 1,000 N EEME
HESTER, WEEEEENN -17% & 19% [HEAT:1- (4 X
4.5)=-17,1+ (4 X 4.5) = 19], XEKEET 15 MEEE, UK
SRR X BIEEE Y 2.4%, B 1.0% B9 ESBFUTFFO.

[ 1 2 3 4 = 6 7 8 9 10 1 12 13 14
0.0% 0.1% 05% 22% 6.1% 12.2% 18.3% 20.9% 18.3% 12.2% 6.1% 2.2% 05% 0.1% 0.0%
<-17% -14.6%-12.2% -9.8% -7.4% -5.0% -2.6% -0.2% 22% 4.6% 7.0% 9.4% 11.8% 14.2% 16.6% >19%

[ e s 22 J[Cen (22 ][ 183 ][ 209 [ 183 [ 122 ]| 61 J[ 22 ][ 5 J[ + ][+ ]
R 1%
IPICIREES: an &g%mﬁm?ﬁ E(R)]
100% RRE E(R;r | #0) = E(R))
u o F @y |9 =1 (R)
=1.0%
O =45% ATBYFARA WACC]

WACC = (E/V *Ke) + (D/V) * Kd

- “~
n=1000 1A ’ \ AR
(Pis-P)+D
R= 7,

p-40 p-30 p-io p-10 '] p+io p+‘Za p+30 p+4;

S 0.13% b 4= 2.14% == 4= 13,59% ==> 4=34.13% == <==34.13% ==> 4= 13,50% == <= 2.14% ==> 4= 0.13% =—=>

7.0%[ 1 ]125%[ 21 | 80% 35% 1.0% 55% 10.0%[ 21 ] 145% [ 1 ] 19.0%



WEIE B IRE R R SIS KE S

o 1 2 3 4 5 6 7 & 8 10 1M 12 13 14
00% 0.1% 05% 22% 6.1% 12.2% 18.3% 20.9% 183% 122% 6.1% 22% 05% 0.1% 0.0%
<17% -14.6% 12.2% -9.8% 7.4% -5.0% -2.6% -02% 22% 46% 7.0% 9.4% 11.8% 14.2% 166% >19%
[0 s Jr22 e 22 183 ][ 209 183 [ 122 61 ]I 22 J[ s J[ 1 J[ 1 ]

TR EESE EAEOMIEREE R E—MIEET T 15 D
USEEHERY 0-14 RSIFIE. E- MIEET T IR NS U SIE0E
MEZE AL (EAMFE A ERED R B = MIERT 7 ENE
L pSIvAC! FLISIEI:I‘EHE’J?HHHEﬁtHEiHEOH&%*ﬁﬁﬁﬁfﬁ%ﬁ!ﬁiﬁiﬁ
m’]’@ﬁff}iﬂﬁx.ﬁ’iuﬂl SR MR E SRR R ( ~ 99.99%FHJ
ZERNH, P + 40) BRE—ITIHREERTET 1,000 TREEE
BB U EIETRIT B (3 8.

=3 ot

p-do p-30 p-20 p-1o u p+1o p+20 p+30 p+do
4= 0.13% = +=—2.14 13.59% —> +—2. .13% —>

ATon[ 1 Ja2sn[ 21 ] -s0% - e (301 e (301 s (136 0l (31 1400 1] 100
REREARH LB = MRE . F— MIERE T IR EEL. F - MFE
T BN EELZBNTMBERENL E=MMEETTET
1,000 M AHERENRNEELZ BT EIREEE.

FEA s EIRE

BREHBRENR, IS () WLEINE (D) 7O RMRT 2EWAKR
(D), ZEETHRSH ... EENEITE, B DHES—

HAU 2 2T FIRII M R R BISE SN S RN R A R
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DR LRI ORI EM R T TR AR ER A, ZIRE
pR R RE A

SR;1|P) = AR,
ZERXERT MBI TENRGRESBNBREERS B HIAR
FE—MX— . E R R TR REE R (f) TEFrEESR (f)
FRBIEEARE, HEH—TRIIESHTHRE A& FIEE %, N
AILEH

E(R;/|®) = E(R)).

&R :Eugene F. Fama & Merton H. Miller, {(&R3EiE), 1972 £F, 58 339 ;T

iaMmIRE
UTIHFPEREERET T L& ABNERH SR FAIBIES ())
TSN D RIRT B ERFER, BT R QRN AT A
HARNES () ReRMENETNEEES (D), amAREE
ARBRZEERSETZHEREBERTZRIORANE (D)o
BHBHRRNRS, T— M AR E AASGEERENTHH, I
FHiNtE (p) BEEFRIBELANE, ANREERBREES
REAEXTRERE . AR AR TSR E S (), HERERT
& 5IEHFIRP,

RN = MOERH D5 FHMANTE 2008 F2IKEREIHIE
T2 IR o BN AR ET & = A TR IR B BT &I
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B (Rni) BIREHLE I MERRESENAR LR R (R)) B
1, REBEAFAT, ENHEE TRz (AR)).

REM B SR s BRI i /R =5 BT H FUNTN, ZhS RN SR A
FIEE RIS TS (E(R ) WAREME. EF = ERSHT
HEM L7, ISR THERAT A2, fEFHAR s 45 1B RE Ko
FlzER
hid

& Tz 27

2

HZEE

ENFERERRELRE, IMENEHBAR S BN HE L, €
TR R EF T 1o

FFEE
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BB — MERFIEZE.
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AdpA

EEFEMT 2, BERERIEAR AL (BERSMRR B
A, REERAE R, RIEARNNE ISV ERIREER, &5
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