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Linear Theory as a Background of Geometric Teaching Materials
—Similarity and Similar Transformations—

Mitsunori Imaoka

In this paper, we show a process of similarity in the framework of linear theory. Similarity of
figures is one of the fundamental concepts in Euclidean geometry, and an elementary definition of it
uses the notion of a site or a center of similarity. Another definition of similarity is given using a

similar transformation, which enables us to consult methods developed in linear algebra. We investi-
gate a relation between such definitions, and the effect of the comparison. Main subjects include the

following:

How to find a cite and a center of similarity for given similar figures;
how to apply properties of the orthogonal transformation to the study of similarity.

Linear algebra is a well investigated subject in mathematics, which has given us an abundant idea

for linear theory. The purpose of our study is to describe functions of linear algebra as a background

of fundamental properties of figures.
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O P x, BEET D,

> >
-

EERE. BAMZITHI [ IXESERORBETHITHY, (I —
KM)yx=x —kAx =x —f(x)T b TH5B. WZIT,
= kA)x, = b EHTTR X 1L, fx)=x, THY, fO
RENETHD, BT, I— kA BERITF GHEITFIZED
SfFFl) ThBHILETFT. EDEE, Ax,= U—
KA) Tib IR FOREALRY, FIEOKREBDL
12725,

1T511 — kA DIERUTHICH D B E+FEMHIZ, 20
FHR 1= kA | BRETRNWI L THD, EXITHOD
EELGEOILI>T, |[I— k]l =1 —krd +kp
tot, LB, T, t,=(1 —kcos 6 P +sin* 6 (1
i) ThDH. BREPD, k#+ 15D, t>0TH
D, 1—kAl #0r723, $XIT, I— KAIXERNETS
ThY, FHUERFEFHEx, = — k) b EDLD,

> >
— -

— iz, EIATHIA R, FOFFIR Al 821 TH
B0, Al =10 xEELFIThE, FTOLE, @
B6Ly, DOIAEKERTHFEL,

I

a

| 0
T7AT=| |

0 0

! (a+b=n)
0 0 - 4)

Lird, BEXREH fORBITFIAVEED & &, (2H
HEEI VWY, FEOCEEEGIIEREFLLYTHE
EThHY, EHOBFEEL, RREBDIEROED
VORBTHD, —F, BEXERFORATIA B
lA] =10 & %, fEEEER (totational reflection) &
IEZ it B, RO KEZATHIIZ, Il =—1
Mo g =1 BT

J=[1"0"1 )

ZOJIE, RROBFEEH  x, =0T 2 RFHBE (5
BEHL) DEBITHTHB., ZOEHBLRLITET.
EHEOL X Hizx 8, ZEOLEHIZxy —FHETH
D, JEIRBICETARBBE TH D, FHEEEER
DLx, BRTHg = 3EFEEICRY, f=g/ &
Y, FIREREHRLEEEEOGRTHD Z LibR
%

0
-1

BEXEHA L 1 HalHLT, f=A4x+(I—Aa
CE-TERAEHRS EERTD. ZOf1L, APEE
DrxaDELY OEEEEELERL, Al =—10k
% 2 ZBABEECET S EEHEREET.

ET, Bk # 1 ORUER = +DITXLT,
EESIZLY, TBIASx)=x, PFET D, x, DX
b O EDEIGE g &5, HEH g TR



Uk DHIETH2H, REMHRA=g 'fiZhx)—
X, =A@ —x)EHT. TRPDD, hid, |Al=x1
DENREIITH LT, x, OED Y OEF EE»EEE
BB, ZLT, f=gh THB. Rx,NEDY D,
B [ & 85 0O-E Bk % 18IS EER (stretch rotation), [E]
EREEML L AR D& AR & RIS E ErEE R (stretch rotational
reflection) W9 Z L1z T5, PlEnZ XY, AFT
RUVABEERIZZAODERNTH D Z L3 AL,

IO, nBPEBROBEEEZLD( L XX, ZHD
BE) FTOLE, bLU=—1RbEFEI-AI=1T
HY, FRFE=(—k(—A+b ELREND, *
DHE, SEHO)DOMWEER g x)=— kx +(1 + k),
BEZB. Ax,0EbY 0, BEEE: HEEEOS
2 # & BB EIE (dilative rotation) &V 5 & &, k&
FEREBEICL Y, k# 1 OBEERATT X THERER
BEERB, DXy, ROBUZEHRODENRELN
7z,

EEOQ. R OMREERIE, &FREHRD, HITEEDR,
70, HISEEERTH D, BiTnBFHRO L EIT,
EEEHDY, £, HREERETHD.

BEEREZHAVTE, TROBEREROHEELH
Wiz, EE 8 L EHE 9 VHE L EHOBEICEER
T HIED Martin[9] IZRENTWD, ZDONZHDF
%X, ETEEOBE T % HF-oEH(dilatation)
DOHEIZEE LTRESRTRL, EROBESITITEEDOS
BIZRETIFETHD. FRIEH LT, LOFELD
FiER, ERTFIOEELER VS L), HEUEH
ORI T E FETH o7,

5. b Yz,

LLRT, [1012BWT, MR OBEICET 2RE
LEBEPITVWRE L. UL, HEERROKEFSE
BTORFERMED S TRARZEEZINFIZLELLDT
bolt, TORNPT, FEEOTFRIRLT, EXE
BRERTHBERE LIS WEW S BIERE DT,
FHTHLO~LL I, ZhoOESR2—2 Y v K
R OME &L BEICBEERT 2 L O T, 2EEEOEM
DEELRZIEETHD, ARIL, FOLER L, H
REEM OV E 2 BED D I L ~DHLERD b HE
L7ZbDTH B,

BETROZEMPRLIRBAEIMLLOR THREER
CHETS. b LENUBRER 2 ETRELERT 5%
EThIUT, REARBREIILEERTHY, Thzi
BIZLTHOZ OFREERA~ LTI, WELER

T BEAR, YERK L REAT AHEROTBRORNIT,
EEDONRT MOBIERMBIZE 5, TEORESE
BROBERETHE, & 2IEBEHs TR
Z 7Bk, WEHESERED, THAOKABLERSE
EIZHEET 308 LW,

FNRBIE, HERRR L THRHERELLTO
BEPESZEILL T, BHERITIEOL S ITME
SHENBESL . T, BEHRERDESME
HEVSREIZRNT, REEIZ12OXERELS
Thd, £, BEOLBRERORPIE DS, &K
LR EREMAMLER LW IMEIZIBNT, 2
Z I SREA BRI FEORPIT b HOND L5
2, BEHIIEEN B CERENLIBRTHD. %
BREIZRW T, BREERIINFOMELHE 8
FETERTH0IELEEZ DD, FAREMLE
BMER~OBIf L 25, =2—2 Y v FEFEIL, F
EEFZ Ik L CIRR ICIRE TR TH D RKE, i
ZERBOME IR L TREE TR S BE R Y
BLTABELE. Thdw i, ZRERICANTIH
BORLEHERALEL Sh3 L&, BFEGROEM
BEIRREBEEND LEZDDOIXERRIETH D,

ZORE, BUOBBRANELBREEROIELER
HOOE R EEMICHARD Z EBKRELRD, FHUL,
BIZBEFOREEM & OEENREU P ELT,
T2k ZIEBEBER E O, BEAROK L R 5BE0R
i, EREMHEDRPISESNEBRIND
EBERRTIZLVEEND. 7T, F0OLIRE
ROEEL DRV (T 20E, —#[11], Rees[12],
Jennings[13]). F 7z, FBEHESCBRF IR O EHE TR
WEZELEZLDOL LT, HE - IUARI4IC L 2HBE
TOMUDCERDE X FICETI2HEMARER, LD
[15]DFTFIF RN OB ER, Harel[16]D~X2 hLZE
MOBRICET IR ELDHD. Tk 5 REMIC
b S, EBRLEMOBENOED, SHIKERE
BEEEOSBOBEL LI,
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