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HOW TO SOLVE IT

by G.Polya
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[ UNDERSTANDING THE PROBLEM

O What [s the unknown? What are the data?
Mhat_is the condition?

G Ts the condiLion sufficient to determine the
unknown? Or is it insufficient?
Or redundant?
Or_contradiatary?

[ Oraw a figura Introduce suitable notation

[OSeparate the various parts of the condition.
Can you write them down?

iz | MEEERT 5ok

ORMDEDFLZA, BALRTLNG T

1
MM = MRI| o (F—5) @uch, EEEEH

LathiZ|[oaRemiseon, &H220DL
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ATHEY, EEERMTHSD,
ELRFELTLEA,

O REEOE U E M &
TheEnaRTOEHNTED,

CRENT, BULREERAMLE,

<=

(Second |

Find the data and the unknown,
You may uxiliary problems if an
immediate connect found

You should obtain eventually a pian of the solution.

consi

cannot

F—2 L RUOLOEOMIZMBER K.
L L. MEEAT Clohir b kLE I THIIE,
RMEES R THELS,
EILTREOHEE L TRTAIFELRL,

DEVISING A PLAN

HEELTHIL

GHave you seen it before? Dr have you seen the same problem in|
a slightly different forn?

OffI=EnEaAt-C LA, EfIXE CEMREPLS

HolBTAHLI LA BEN

O 0o you know a related problen? o you know a theorem that could
be useful?

CUI-MAERN TS, RICZVEREH ST
.

ook at the unknown! And try to think of a fami|iar problen|
having the same or a similar unknown

CRHOLOEL AL TILTRNOLOHNEL

HELRECMTIND, AGnREEBUOMES ¢

(Otere /5 a problem related to yours and solved before.
Could you use it?
Gould you use its result? Could you use its method? Should youl
introduce some auxiliary element in order to make (ts use|
possibla?
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EhE@RI S EMTEGELN

TORREWI CEMNTEGLD, FOHRERSIL
HATHELS, EAFHMT S0}, ASRNER
ERATARETIRUL,

& Could you restate the probles? Could you restate it still
diffarant|y? Bo back to definitions

E

s LR O ENTEDM ThERS VLA
TEEULS, ERISHRA,

O1f you cannot solve the proposed probles Lry to solve first

sose related problem.  Could you imagine a more sccessiblel
rolated problem? A more general problen? A mora special
problen? An analogous problen? Could you solve a part of thel
problen? Keep only a part of the conditien, drop the ather
part; how far is the unknown then determined, how can it vary?|
Could you derive something useful from the data?
Could you think of other data appropriate to determine thel
unknewn? Gould you change the unknown or the data. or bath|
if nocessary, so that tha new unknown and the new data are
nearer to each ather?

ODid you use all the data? Did you use the whole condition?)
Have you taken into account al | essential notions involved in|
the probe?
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CARRYING OUT THE PLAN

%

[

W3z ] HEERGTTH L

- [GCarrying out your plan of the salution
Carry out
check each step.
vour plan N
Can you see clear |y that the step is correct’

Can you prove that it is correct?
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The Solvay Conference 1927 -

For of @ Theory

A few years before the outbreak of World War I, the Belgian industrialist
Ernest Solvay (1838-1922) sponsored the first of a series of international
physics meetings in Brussels. Attendance at these meetings was by
special invitation, and participants — usually limited to about 30 — were
asked to concentrate on a pre-arranged topic.

The first five meetings held between 1911 and 1927 chronicled in a most
remarkable way the development of 20th century physics. The 1927
gathering was devoted to quantum theory and attended by no less than
nine theoretical physicists who had made fundamental contributions to the
theory. Each of the nine would eventually be awarded a Nobel Prize for his
contribution.

This photograph of the 1927 Solvay Conference is a good starting point
for introducing the principal players in the development of the most modern
of all physical theories. Future generations will marvel at the compressed
time scale and geographical proximity which brought these giants of
quantum physics together in 1927.

There is hardly any period in the history of science in which so
much has been clarified by so few in so short a time.

Inner limits =
5 Microscopic view| Macroscopic view

Now we muet show whal’s qoing onhere s+ -

i reference ore of rest
mosire ot bohfames e

ficcl miher speci s
BERRy o N e s

Lhegf ‘\'Dnmﬁﬂu’mf Wa
wich 3o up G
R S R R
et
t = tho thme botwesn dlicks In th moving frams I AN
y w
L X gt fhe 5 5
= the thmebetween clicks It the stationaxy frame Ol [ 5 g
1 e g
¢ =thespeed ofight . E_"‘mfm?n% il
™
/
o g
The thae t* between clicka in the moving framels the e e

timo the Nght tekces to reach the miryor L/c plus

the thane It takes to return. agatn </ .

But the time .t between clichs as heard In the stationary
frame Is the thme It takss Hght to travel the tran gular

Now bn the thue t,the moving framemoves a

distanced. Anddmve,

+[C]

And now we can use the 1500 — year — old
Pythagorean Thecram

. Remember? "Ths square on the hypotenuss equals
o sums of the squarsz on the other wosldss.”

Bk we [ust saw tat

2h ct
h  terelatedror: t=T or h=—

d smkweden d=vt or
2L -
L smssior: == or L="
Sowhatwe gotbefors (¥ = (1/2d)* +LF)

<an new ke substiute for

And If we want to solva for what t equels
we gt

formula

transformation

for (time;

An astronaut goes off in a rocket at 3/10 the speed of light relative ta the Earth

After 30 years has elapsed on the rocket how much time has elapsed on Earth?

. the tng elapsed on the yocket = 30 years
v, the spesd of the rocket =08¢c

So with Albert’s formula

30 years _ 30 yoass

30 years
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4. QL@DMICREE T v v L o R Li-A &
VRO EMEAETES LTI Y v I TED 5,

5. JEUERFEEM T0.59412 L7225 koo 8ExH
T 5, O RAF—2100? /? 12725)

6. FHANTRBEH L KB ED/RNT, TAX—T
BIE, BREWET D,

R GAET—424)

TN—_Y =V 2 — A TIFEIF M/ (10 49~
27 FE %) P LERDO Y B, kL EBRE
BED o Tz AR DOGE ORIET — % Z LU T
R, (BHLEERMN 5 =0.69 (%). FF=0.48)

Q ? U A ? $HEN (%)
E#Esc _— 1200
12 1366 1195 163237 0.6529
38 139 1188 165132 0.6605
10.1 144.1 1165 1678765 0.6715
328 159 1087 172833 0.6913
995 189 886 167454 0.6698
1489 2034 770 156618 0.6265
2192 2174 653 1419622 0.5678
3254 2308 524 1209392 0.4838
467 2432 415 100928 0.4037
672 2503 317.6  79495.28 0.3180
989 2577 2333  60121.41 0.2405
1490  263.8 1644  43368.72 0.1735
3266  271.1 80 21688 0.0868
9910 2754 274 754596 0.0302
32780 2717 8.4 2326.8 0.0093
100000 2777 2.7 749.79 0.0030
328800  277.6 0.8 22208 0.0009
1000000 278 03 83.4 0.0003
BAfoc | 2977 ax 172833 0.6913 [ (n max)
357240 || 0.483801 | (FF)
EX.))

T UOICYRORFRZ NVANWAE X TERL TH
7o TORER 4 FFIYLG LT & TR D RWVAER T,
n =0.69 (%) 7Z~o7,

WIZ, YRR 2 Nz Chiz & 2 A, 20ml @
Yetaig iz okt LC 0. 2ml OFERE 2 0 2 THefa L7-RRZ,
BOLERAEL, MWL Y BVWEICZ2 - 72,

Flo, PERKFOREEEX TEREIT> ThizE
ZA, A0COREE Y HEIR (12°C) 0RO, AL
M@ T,

B ICBIRE OB N L DB AR, R
LTRBEZ e L o
B WS & REg
TF L UEKTHEDT
HOE WIS
WT, ENENERE
1Tolzb 2 A, HIEA
WED T D J7 3 B DT
EAE»> T2,
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RAGER N RFMOTE A RAHER X RFMOTM: X

BFROZMA BB TREZZATLS BFRORSHEE
BFRMRBIZLTVD BFRREIEVLEICRAD
BUFAREARETLANTS BINERHRTEES

FAS8 2 —DETIL

MROBE
1 _CObeFAXEL FDER

<100 ]
&E) X100 ]
KD
gl:kmLl]) [HEY & P Q
it (ol
e 41 3.0 0%
A -0 92% 0!
K 0. 80 94% 20%
X 0.90 93% 0%
K 6) 99 90%
K 1 0 92% 0

FITENERORBEER
1 YA EHREOER

2HEOF YA EXREL, T
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SR LE70L50MIRAAE

SRVIIVLY

AL T, EEEOEMHPBEN
\ZBEIFR & R 72 S B RIFTHIC TS
THZIETT, IRV TU LAY
LA T L7 L IXER
OFRTIEHIEELIRET LIRS
Mo TN Enb, Zhbik
BARWICHIIE 2 4 TeB9%  (FEFIHE
E) THhrHriEZLNTVET,

BRI & 44T B i o i iiia
A Zar 34

VY HRLY

I NRE

=R

JY—reR7
iEEY =

Ty aliA
AYXUTF v

T AT TV

HV=80kV
Direct Mag: 1500x
Kobe Uni.

| Direct Mag: 17000x

L
224, : Chlorella _
7L 7EEsa LT ROPKER | |
AP R OMFR T, K& Sk 2 |
~10um E/NEVDTTR, & | |
HERMEETINC LV =R PO bR | |
F. (KB K, keI VREROER |
ERHIEREICHIE L ET, (GiF |
IZABHAZIE—2DI7 L TN20~
2 AWM CUART D LV I D E
1) Em, EERMRELTHAR
<7

OO00O00OOO00OO0

¥4, Paramecium bursaria
HREPIC T2 SAD 7 o LT 44 L
TWAHED, LA DY T LY
T, MR 85~150 um, HIIAERE
TIZ 400~700 {HOLAEF(7 oL )
ZHLTHNT, pRLTb Oz
TOEIFEDLY A, 7L TR
HREHEFMA L, ZRICMZ T,
BIOIRABYO R TV T RE, &
RWAEMEHAE L THRBICLTVE
7

LIAT Z/ULIRI KUY Y
YnyLHEAETHENS L ED
TETO7ulLInkATE D
59 TFR, EBO L 2 AHAT
XH70LT7E0HIDRIFAD
—RB Y (3 FE) T, Lavbita
TELMEDOI/ELTTHLED
FEAEEFIRYI YD AYD
ﬁ%mfﬁméhfbiwifb/

ilt‘ét{ 5 ‘/)O)%%Ftﬁ

1. I RUYOUAVHHIENIICY B LT % BEaD=0iin-o?
S, L RA FRSEECE D00 Vo TEESEOD EIERS 20,
2. INUYTULVOERNTHLShTICEL Z7uL T Lifband 7 a LI 0ENE?
=R, BHEEE FICESETHZ LT, bz ONEBZLNTND,
3, IRYY UL ERAEREO 70 LT THI RY YU U AVOEENEY R0 EEICEFHEELEINTLED, )
3. HAEEEZLERWIREOBEI FY YUY AVRHEEZ 0 LT BERNICIRVIAAEEE, MAENPLIRY Y DY A2
SHEBERIC S R Y D U AV ERDDIE3 BEND,
4. TRUYTULUEADZ B LT ORR[IILE )R- TREIShTWHDON?
—ARH, I FY YUY ATOREIGEENHIAEBEO BT IH T 2 HOMNH 5,
5. HAEBELOZLDTELY U AVROIAED TE HFEROIAETE ARV L OEVIL?
=T, YU LANCONTIEL, RO IIEEBEFICEWIEE b o2 E b VUL 2D&MEE Sh D,

IO XA 1T L A EDES B BN TV R WSRO T,
F TR HIE2 oD EREEY LE LT,

LRV YO AUCHEETAZ LICL D7 v L T OMBEEDOZEIZEET % Bk
2.4 4 ¥ % ¢, > Paramecium bursaria(PBG) & #: 4 # % ¢ 72 72\ Paramecium
bursaria(PBW)® pH Tfitth: 7> 3Bk
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HKLRE 0 3572 MR IR 2 SR SR DI L. W IC i T 5 2 L Th b, LT
BRI, I RUY DU LUENOZ 1 LT ORIEET b IZR0 B T 220G L]
oWy, ZIC, HEZ B LT OMBBEEICEHR L, ZOMEE, I FU YT U A0
HHEEL THIE LTV DIRAEL I R U Y W U ASAZIE LT 2IREE & Crule L7-
OFik

1. HEYEBAMEEIC X D EE

2. BT X DR

OfE 3 b o s
ERITTFROL S @@\;éwﬁm/”
M¢A%nﬁmotwﬁtﬁﬁ#gVL\\
BERERICIDE NS | A
%7DV7®mm%§ﬁ RE

FIXTE HREE R A LT,
BRI BEBL 53RS T BRI BB G
BEEEIOLS wRESY G001 0 om o BEEFEHOLS 25 s e
I 1 DffikaEE

20
RELEFIOLSC
L]

b
SRYY Y LA R OBIRNREIOLS

HNATOT OEABE EEEL)
O - N W Ao N ® ©

BEBEE SERE BEEE RERE

O&%2

HAEBDO 7 o LT OMRREBEDRE S I EDL Lo Teid, Aarza7ofansbi-Zenbralr s
DHMaEE] ﬁ%/}\@ﬂi%lﬁﬁ*ﬂ:ﬁt: SlEEZLND,

FoAE T v LT oOMREEREIC, FIEEBb#EER AR LT,

FEH I

OHBWY

I RY YUY LY (Paramecium bursaria) 133492 2 LIC X 0 Hkx REREER b L A3 B tEA 2L
FTHZERMBNTNDA, pH IZxT DMED I OV TITARL N TR, Y7 U AT EEELY
WAEEMEICHW=D, SR RUY oAy, AI RV YU LAY, VU Ay (Paramecium caudatum)

ZRHWTZENETNOE BRI SO\ COMMEZ /D EBrEIT -7,

OFik

FEWRIC KL T R U 7 A% N2 T pH 8% 4TV, FHHEA S 5 0% 0 10 1 0 EARECE IE LATER % R
720 pHERFEL THSERHRDERE

Ok |- “lo A

FEIRE I sfxl 1O

O&% s o

b IEAE LS e O T e e S 4 5%
HIRYUYZULYS>I RUY Y AL *% O

>V U AVONEIZE, o S)

BEORE S, o S
HIRYUYDOUAY>I R YD ALY 2 .

>V U AVDNEIZ/NE W, (3 =
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LI DAL DD TIE R EEDOK SUSSLEO I

X EOEWTK LD TRV EEZIBND, %ﬂg%%x
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DNAfHIZEBAFTHDELFLZEOME

SURENTMSRSEHR IOK IAE JGS 7 BEn B2l

[Bf) BAREPICIAL 832 A # 1(Oryzas latipes) | TFERED
RATFZINZ L > TN ORI ST IS DY, BIEIHRSE
PRIFRIZHRE STV D, FEIRNICAERT 2 A X I OFEME I R =
L KU DNAICEENS eyt b DRHETFEE U< h0 I EH]
DB DT, ZNHn EOERIIET 5% eyt b O/NTm XA
TEFRZOSAEHSLNIL TN, £, B M—TETRES
AUz A Z RN TR S A, @R OESELAME X T D ATREME S
BDI=D, Xy ha v T RETRELIVTND AX T L DOHIEHIT,
SEHERND A XT3 D/~NT0 2 A TRED B BT L TN Z

L3, FOREOMHE, M S OBIEFRADKEHI AT TH 5,

Al e o GLL

(550 514] J { e N
2008 FEAD 48 N N ST J{;ﬁ;

@I, G, I, & Y = L"\m: .

W) ko, BEDASHER | = TN

ElL, £y bya v 7T
BALT, e AZH, HEALH
A LTz, ZNENFBRET
B L, hE, MfAFEEL L, -

Oryzias latipes latipes
R CEEE LTz A 2 (1)

FFHTIT 01% 7 = =— V7 LR KRR AR LTz, A X T %/
BOKE E BTy — VIR, EROREZ e BB OIS,
REREDS D> T2 O RIEZ TN LT, (REEITEAET2)

B0 o7~ i

(DISOGEN % v vTia DNA Zti

A DNA %
LEL otz 17

@PCR 7£7T DNA ZH0E

Eﬂ%ﬁiw

T— 3BHYAUIL

72°C
2 5

@ SIEERRIC 2% R CHiEEN D

@5 FRFEDHINEEE(Haell, Mbo 1 ,Msp 1 ,Rsa1,Tag 1) Clk

< L

PR el ARE e B EE

@ENnENEELIKET %

1%TF T A
TravA KAY
3% T Ha—AG )L

®FEND DNA W/ % — /2%

NTaBATERET D

[#5%] PCR-RFLP(Restriction Fragment Length Polymorphism)f#4T
Wi 32— RERNTENTNDA L I DONT 02 A TEREL
=y NI XA TVL, Takehara et al. 2003 DFFEITHED
#1 FRLIZAZHEZONNT L AT

1 BRI 1 B40
2 I 1 Bi(a~d), B4B13
3 peyl| 1 Bi(a~d), B4B13
4 e dl| 1 Bi(a~d), B4B13
5 E5h 1 *1
6 HFEAEH 1

*2
7 HEASh 1

B4OIFHERAIZHT D
- (Takehara et 2/2003)

%B52-3-4 FER,
B1(a~d), B4, é#rcué
B13DLYFhh B4, B13(EAMtthAIZHd 5

(Takehara et a/2003)

M- BARNOmARIE, E564
FREEE SNAL

FINFBARN DR

SRNEIHEN DR

%56-7
EXTH-FAH

DNAEIEI St ERIFRD CytbiEimF D T
SAX—ERL A EIECE LA oz

FRAETABAOREGN, GRS 2 A 5270 1 RO F AR
THAZ LARRDNT B E A T Tholo, BIROJITIE, A&
AL DO LD, MHUSER D O-E FRAD AlRetEE = Lz,
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