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A= (wrapping) A 2HEE W (Akkoe, 2008), El
FEEAE ]R3t YFd wAE Aolg}
2o zo Aoyl 2 W Fo|=AE HIS W
H(Klein & Hamilton, 1997), HIzsZxE &4
st 4z o] HlEAA S SFsta 59 o], ¢

¥, REA g9 4ol 40191 F2 BA FHE=
FH FE2o 9¥S Z=23 WH(Moore, 2013)
ol Utk ey o5 AFellAl Ak ol
gt A9E =YY oY F848E T
she ol duh &ZFEQAYe giEiAE B &
EATF7F Bk Aotk

oo HiloA= it Jidel gk ohhH
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) Ztel Z71E gt AEE ok s
WA 2AE 2z gk ol gt &
o] ome} Bd {847 Fo4ES TRHE
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- 835 -



flo ot

it

o]& o] &3 W& L&A
ARTE AL FLETHFA
Matos(1990)2} Bressoud(2010)2] "“/\}

5 75 dge 59 Holg
A A3 THMoore, 2013 227°1W ZHQI%).
A ZA&ol 59 Holg o]&sle
Z]Q1 otolr]oll Zﬂo]ﬂ'
g, 8 de, %‘ﬂii}% X]é], 7|52
o|EHIH, =9 Ak BEHe 1

I-1]3 #o] A3t

[138 1-1] 259 HAHE 2
(EBSMath ©|v]=] HF)

g Afele] AzlE A7

hob_1_,

LA Ty T

o #gal B AL o,

ol AEHRE SEAN AT B
Dozl WrAHe] AE Ax HelE AHEHS
o, we) Awke mEE 74 olael Aol
o 2bwsh Ao wAsA | uAs 27
£ oldlalA Raln W 24 PssitE, @
A3 AwE FEA7)E ol Zolth uhte]
e, o] WY SAE BakE AN
W ZEs #est ¥ 2 =go] Hrhs Aol
o ol BolA BEPe ol WAlHef 9
 RAAE W, Smsstld BEMel $4)
o) ook EA & 288 AGHs AL

rol
o
rlr
to
=
PE‘
z
&

=

[y*)
(e}
(e}
\O
&

M Zt= A

A f&ﬂlﬂ Aok 6}2511:}(1998: 46). Clairaut
(2005: 43)= Zte] F7|E Yo =z o8] =A

ohal sHEAM TEWe ol =fe AlARshaL
Atk Zre] Mozl ArE 1 Zhe] ®We] A2e
zo] dojel| mlgsty] WEolth. Euclid U3
o), Z+e @ o] b &‘*d_oﬂ thell 71&<f
X Aoz Aozt ok@e A, 24), 7+o] A7)
© 189 Wel tfa) 9‘4756}: E/I dolg =
Atk ole A4RE L VIEoE A A
A

o
de e
o
Lo

2
1o
2
%)
Lo
it
)
o
i
N
N
Lo
l

- 836 -



ry

off &

i)
mooloom> e

ro

tlo 1o
o
W
)

£

i
o
X

bt

Lo

. Freudenthal(1983: 360)
A(full’ angle)}
Azl Aol Wksithe o)
7h o2} s,

a8rg 79
23 Qe gAHoE Sty @ 4 ok

2 N

grigt Zxe)

N

A= 22o] WA=l o=

N

foi
i
=

)
b
-3

h

oM 8oy

o
fof N ot O o om o rf

o

rr

rlo
v
2
Lo

I

i
Muf-
Ir

f
o It

-

N

ol
)

L
>
&
rE [
i)
il iy

rfu

o>,

-3
r o)
-
it/

>

>

[*]

-

Lo i
ol

POVRINS

o
i)

ot e ¥ rr
o

[«

%]

i

Mdolet= ZAeolth. 8B
Aqu7t AH S-S &

M= Polemy] d E, JITQ] WHE E,
oA A ke 5 A A, Descartes
9] s 7]5ts} o] ol He e
ATk Newton, Leibnize] v]&E2 &
= A3, F18, AAgrt
dE Ao vt HHA, 3ol
stusFoh oy EAIT A =

o]

o

B

ioﬁ'io‘&n

v

r

rlo

o

gl
b

o

-

ololt]olE FEAEAAE 42 Aot
FEREL AFsrt FRER E3 gt
2 9 Fesigoy, AYE 221

HE, 47 o y% Ak SYHel A

I3y A2 ‘radian measure’S 7] PE FA
ol wgtel uvshdtE YuleA ‘x
-measure’ Y} Yoy} TE  ESF= ‘circular-,
arcual-" ¥ 22 go7t A SASATL ok

(FEQ), #A-Lol, 2015: 310). ol WA 7]Fo]
Hels, ko] dF&(r) oy o A&
wE olgzoly A TeYe oJmdth

L=2nr

&2 AEH 49 4ol9 nlolmnzZ,
(258)= —27:“ —r

o,



[Z1%8 T2l wA|oA 18] te] that Bl
#BAZE A3 Zolr}

uHEe] o7t 721 4 0ol gol7t 721 & ABe] gt
FHZr0) 21718 @*eha shl, B Yol 50| ol FHZ
o} 27]0] ujastaz

7y 2nr=a° . 360°

o
2°—180
b

oft}

olu, FH29] 37] o= W5 o] rofl BAIGle] AT & = 3l

(2% 11-2] 18}Hte] vl A
(C1F=<E ], 2014: 59)

zo| Zole FAZe] Al HlEstag, o
Wb o2 g2tk tiste

=

A7 Polx FAZe| 7)o nesnz

2mr  2mr 2

! r0 0
webA 360 HF HHI A5E Hrigton

3,

m:%r =

,

360 ° =2m gt -

°F2 T2 F Utk SAEYAA d AAE
36002 F AL Ydo8E Adrh F ztol
A3k APH] FAE 7|FE HEse £
< 53 1° 5 FYth o ulE, =Wl
2re AFE(meolehs 9o 46 e a4
Ql o]&37 Z=o]t}. Freudenthal(1983: 367) $4
EH-S 7% (convention) 181l TEHE FAA

(necessity)ol?/} TR GRY, AE(2008) =
giriote] BA Aol Azl A
SAEHe FH FE 3602 =24 24 @l
o] 8% YoH AAE AYx vk A3}
Atk 222g2 042 A RA@elative) 3607
At A (@bsolute) 27 S A E ZTH(=) 1 ‘o
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214
Zze] 3EY EEES YAFFE GFE A

oo el FFArE HAUuvks A o]
7} Atk Thompson, Carlson, Silverman(2007)-&
39| dolg WA 59| Aol Ui Fo7 =4
= ololtjolrl, ZAEe| ©@hejet s o
A 2A 3= ut Yok sk 1 A
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3 a7kl gAo] Tbssiithe el

S

=
(m)7 WHE e Foprololq oles
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Holehs 7, Y2 AT FARP W) Bx
o
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He At T HoAMEs nHE FA T
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AT 37 %m. CINE AP
Hls} gelde) 4
“ohet OP%E}(WXH
AR 2 stel Al
o, efrigtel e i3 WA Faitk
a5 SARNS ASE S5 BeNg o
AEL ASARNH =T A, 2rickel
ulo} el B2 WY Bast Yok
Fo) Zolgt 1 7B 849l 39| Zole
WA gel Aolol AT 9
(m) 5 B4 Aol

, 2014).
B3l APo] 93028

Fo & AFE

7] wZelth, WA Fe] 24

ole} ma|gThs ofn
s 25 gdgs
A go] AXY 59 r

Aol= dojAthe A

olth. 18 I-31% %
(R

& BALA WAE B
o Zol7t 2, 3w, 7 (% 11-3]
) AXH Fo ok 2, 3., rHlZ ARS

2 % 9k

o wTl A=0am |
5 - o 2~= 6 3 P [
A ole fElFRoIM ol (ol ke
AR, sk FUFRe BAS fAR,
Se AR BEee WAE B =Y

o} a:b7F B2oe FACE, B
(ratio)¢} B #| A (proportion)2] F
9)\‘:}. HE J8&
ztel A of| A
A

743
d8As '@ A

II-1]3% Zo] H]
T 7FA 9wt
Hzo) osARE FEEE 7
HE Alolo] AR W, H]
Y E Abelo] Aot

<3t II-1> (Watson, 2008: 149)

ratio(W]) A
=4
oroportional | | 47182 8 4|2 4agel W B
CLUR IRl Py Py
= Atelole mEE Aozt Ut BldEdA =

7h 22 AR Aelth v ”a‘ 3fl, Wl ]J?ﬂr?%lt

= AR RHdol, vl dA7
Hle] gho] fAE = Aotk o] & wleh Bl AA

o) BARA WHA He

LBE T,

Bz} 9)5el He)
1] 2010: 395), 34 (covariance)Z}
B A(invariance) & & FE3ITE grjgre] n]

(L)ell dish, weeAel 3ude (19 nae

2= A3lskA
Atk ol Mcﬂw SERERIDIER
2 R Aaet FAEARE A E

ole] Wah= wHBA L] WA
7] 4ok

Jahnke$} Otte(1982)= HI9} WIHAAE T}
A2 dutslstgl vl gAlel o8 nxe &
A Aolg Féh= Zl(measuring)S WFE £ W,
EWo HE 7%= e IR BYTE olF
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e, s (28 1319 %@I%OHH Rkl
(sameness) H], & riete] =

Hl= 4% vl# A< (scaling), AT 12Ft]<k,
22E|F 58 zhe §9l Zlolth 19 11-3]1¢]

o oluf AE AAEAA 7€) 12 YA
HlE g, 2 ok 2=l Aelth
Watson(2009a) & 2+e] =7)7} Zbe] ®o) o] &35+

= BEHY oAdE HREE, 5o Zole

T o137 rﬂ1+°ﬂ,

dsl= U71(dividing) g st o2 s ok

gtk oAb BAH o RE Rt AdsEE
F ok webA AEE ffs w

[
LY 44e &

Pso] vl o]

FaF oz A3, Y77k e W, 58

Z o7 nusly), vl E¥Ado] ¢SS ¢1¥stn

Aol gt} o|EHW, 83 BEHAS AFY

Zog AYg & M~Xl AEsro 24, SAYEL]

#AAE =9} don|2 =8 5 ok
Watson(2008: 149)°] 4tzbHel A 24 ulxA|

soE AAG AL A, 4213
4, 23} dolge] BA 3

o] A& "o
A& (mappings) &

B3l Aolt). Jahnke®} Otte(1982)2] ©lolt]
olo] W=, Hel o3 A Alart wagt

siga & 4= ok wekAd Bl BA
Hol S FAAA 7HEA

5 7ok

3
o
fu
ox, fE
fo

LEu T el 2 pm LR S0 Shei 09 288 Paiz sig 4 PY y

2| ¥ IE H Pl p8 87 sing g HHE U= B y=snad

[Z1¥ 1I4] o|&4

9](2014: 67)

aJH B2 FYEA 1S rZ I ﬂxlup:
IHAS APt AEE FEshe EE K
oafjoF T} Moore(2013)% [1¥ 5]9} zrol
2)gHet 4xs, =g Yol Fa9l

st deld fel=

O3 3.

ATt AAGFE vg meBAe] FRgel
sl A=Y = Uk TEWS B Polg} W
Aol Qole] ¥ FAHoE SNF W, 47
S (28 141e) HgelA 2k iRl oie
¥ WA F2o| Wasith FAHE T Yol
A0 Wake Zolth, Ao FEE 4514
S F25a weHos BHST YPHt
M 2 S wsie Sl WA, B9l
2 }

o

=
WAAEe s sk A CE 443 19
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BHoA ol ThA F7He 3
Fhepol wel ol 27} mi Zawh T e
B e CCER
shaw) wWslEe FESW, ARlgse] TexE
Y 5 ok sldsks LARE 9le) wsel b
B4 AbEe] Wsteld FEAT AolHe A
S, o Aole] FWsks BAE 9 @ o3
@ % U =9 154 @ e AAE =E B
A deRlE | A 222 2+ o
Ao| 342 B A3, B9lUe ol g3t

Mo o
2

k)
e
w
o

= sAYe 4
(e}

Ads Lhth
1}, Fourier 59~ 2 A

Bernoulh(Damel)R} Euler= 9]

EAZE Q7saA
28 /NS HTHWrede &

=
|1

Spiegel, 2010: 349).

& 2ARIT AR G
02 FHd= FAF 5ol thKreyszig, 2012: 4).
olo] ths]l Whitehead= TS EE FV|dTES
ARQle] WFor wokth o) ZARIF
A% AQdss spdow be Aol gtk

Whitehead®] A& o237 Zth

Fourier 718

f@)7b F71 a 3 (
E43% =05 & AAddFel ga Arl=E
groAe AARE P4 AAV He 20ES
FEANGE, 29 f@)e S 552 U
T Atk

G +r151n(—+r ) +eysin(——+e,)
+c3sin(%+ez)+,,,

Whitehead®] A2 F71& <ol gk tjFEe
F4 o274 ol E T HEAZ YEECl,
Fourier A gloll 93] &8Hh= otk wMY
EEv 27 @4, vol&d do] Fdhe

Cd N

A 3} g
1 3o iﬂ-ﬁr@.(hannomc analysis)°] 2} <3
=tk o|2A FEEE sl 4dd HEsE A
Ashs Ade] F718EE BT OE 9

218 B 53 = THWhitehead, 2009: 174-177).
Fourier ¥ 7 4Z < W& =33

HWE5S sin, cosd F FHE YR 5 e

Zlolty.  TfE wEe =IEASH,
acosz+bsinzd FAHLE T F Juh
Fourier 31142 v|F7] o= gt 283k

A
o2 HFAY 7)A(basis)E sin, cosCE FU

< o, gl FFE ZAAE F Utk YH
o)t} Fourier B49 o2& Exsh}, 49
Ao 9o 2 S8 nHuwad weIt

(Kreyszig, 2012; Stewart, 2016).
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asinf+bcosh = vV + b sin(0+a)

1= cosa = e wt fisin #-+ficos &
v Vi +17 7 o R Pla, )
sina=
o+ o
L6 i L
(79 6] AR el $
(Google ©|m|A]; 45 <], 2014: 101)

of@ g5} f&% SERLE
1

Fste] 2
vem, of W g5t Ha wA

Fkol 00

‘Qf&E}(NemOn Highlight 84, 2016: 124). <=2
2] 1143 (orthogonality) > Fourier 555 €A A4t
g F UAEF s Yt Aok A&l A%
2ud Ao ARl FA-HA(pseudo inner

product)©]”7] wjZ°]Th(Newton Highlight 84, 2016:
126-129):

< f.g >:/fgd,x

ARl ARele] AmAe PHHoR hsd

Aew, F o Fo AR 0°] Hu=
Aolth, sinz 9t cosze 279 F7|Ao] o=
2, dol7} 27%) FIFANA sinz « coszd HE
A2 00] Aok

]

2
/ sinz cosxdx =0
0

. 1 . ——
SIHICOSIZESIHZZ‘O]EE, ag=zE (19

713 2o o] Ig|ZoA npRe} e
2719] yolo|X|qt 11 Hos= ditjo|lmg HE
2 00] "k

rlo

)

‘ L N
|

[Z1% 11-7] (Shibuya, 2006: 152)

WA sinz 9t cosz 7t 2
2oz HAA 4 4 JThShibuya, 2006: 153). &
B A A 55 o WE
FdowH Jhedtth oW HwAL o7b 2t
olojof Ayt wd 27 =),

[ele] k1)
Halstal lee A

T
S = 7} Ho
x 150 z(rad) 7} Atk

360°
/ sinz ” cosz ° dz
0

2w

— . > ™ s d
o 180 T80 Y180
P12 o3l
d(sin—— ) = cos—— z—— dz O] B2 |
180 180 “180
— l : 2]2m
= 5 llsinggg @)
— Lsin"—2r)2 = L4 ”_2)
2 SMgo “T T 2 Mg
#= 0
| BREA e o 4 ol

EEEIEERE
[e]

27
/ sinz sin 2z dx
0

1 27
= —= {cos3z — cos(—z) }dz
2J
1 2
= 5/ {cos(—x) — cos 3z }dx
0

1 27
= —/ {cosz — cos3z}dx
2 0

1 /27r 1 27
== coszdx——/ cos 3z dx
2J 2J

1.1 . i
—[=sin3z ]}

[sinz |3 — 513

Y

(0-0)= 5(0-0)
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=0
ojty. 1elRE F7|7} thE ARIFTE BT
O‘E}(Shibuya 2006: 155). THIIAIE,
E]—E ol:/] -]/\ol

, cosmax 2}

27
f cosmx cosnxdxr =0
0

ditzloz Az gE g A m, nol o
ol F7I7F e AR
F717F wE
sinnx), F717F ©E IZARI(cosma, cosnz)

5 Awd} 753 A o] th(Shibuya, 2006: 156).
ThAl s, ARIGE BE ZARIFSRS) AL

G A olsle] A1, = ARG

Akl
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& F2Ao] gyaof &, 27t ghrictolojol &

dugths 4de m, nol A2 &
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Fig 1

Intemational Jouma! of Mechanical Engineering Education Voi 26 No 3

[71% 11-8] (Clayton, 1998)
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Fig. 1. The radlan measure of the angle © is 6 = syjrs = s2/r2.
(Note the distinction between the angle © and the numerical
radian measure ot it, 6.)

[ZL™ 11-9] Aubrecht et al. (1993: 85)

n:°1'

}3}TH(Whitehead, 2009: 168).
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A Historical and Mathematical Analysis on the Radian

Yoo, Jaegeun (Graduate School, Seoul National University)

This study aims to reinvestigate the reason for
introducing radian as a new unit to express the
size of angles, what is the meaning of radian
measures to use arc lengths as angle measures, and
why is the domain of trigonometric functions
expanded to real numbers for expressing general
angles. For this purpose, it was conducted
historical, mathematical and applied mathematical
analyzes in order to research at multidisciplinary
analysis of the radian concept. As a result, the
following were revealed. First, radian measure is
intrinsic essence in angle measure. The radian is
itself, and theoretical absolute unit. The radian
makes trigonometric functions as real functions.

Second, radians should be aware of invariance

* Key Words

: radian(2}t]?}), mathematical analysis(+82 #4), arc measure(Z 2

Lee, Kyeong-Hwa (Seoul National University)

through covariance of ratios and proportions in
concentric circles. The orthogonality between cosine
and sine gives a crucial inevitability to the radian.
It should be aware that radian is the simplest
standards for measuring the length of arcs by the
length of radius. It can find the connection with
sexadecimal method using the division strategy.
Third, distinction
needs

radians  and

I revealed the necessity by

between angle and angle measure. It

justification ~ for  omission  of
multiplication relationship strategy between arc and
radius. The didactical suggestions derived by these
can reveal the usefulness and value of the radian
concept and can contribute to the substantive

teaching of radian measure.

=%), angle

measure(Zt =), ratios and proportions(H] &} H] & &-A))

=EHS : 2017, 10. 16
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