NEE=RARIERRERE S

SEITEAZHESRS E— (6) ¥ B#iE 0623

ghig =R

E X

&R =N (Reuleaux triangle) HH=&F¥EMEINFTEEK, 2—METERLL (curve of con-
stant width) , BI#EREBRRRERFETER—IEE=AF, EMFTFITEEFNEINUES Z2H
7], MXREFITLENERAEE,

3= sampleReuleauxTriangle =
2 2
x2+ (y-2)2<12 && (x+‘\/3 ) +(y+1)2 <12 && (x—'\/3 ) +(y+1)2 <12

ouizl= X2 + (—2+y)2 <12 && (\/3 +x)2+ (1+y)2 <12 && (—\/3 +x)2+ (1+y)2 <12

RegionPlot [sampleReuleauxTriangle, {x, -2, 2}, {y, -2, 2}, PlotTheme » "Detailed"]

P N R — ————— T 7

[ sampleReuleauxTriangle

_2h i

-2 -1 0 1 2

EEH—PBEOITF(0,0), FRENEREN2N 3 B85/, WEHENR=MIEEREAFESHESHRT
%
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Show [RegionPlot [sampleReuleauxTriangle, {x, -6, 6}, {y, -6, 6}],

ContourPlot[{x2+ (y-2)2==12, (x+«/3_)2+ (y+1)2 == 12, (x-\/?)2+ (y+1)2 == 12},

{xl _61 6}1 {YI _61 6}] , Frame -> None]

X BT FIRIENE = FBTERIINE 7T %

B S MR
PR AMIETARES, BERSNENER.
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inf14}= normalPlot = RegionPlot [sampleReuleauxTriangle, {x, -3, 3}, {y, -3, 3}]

3 -

Out[14]= Oj ]

_2b i

R R R S R R B

-3 -2 -1 0 1 2 3

{Show[normalplot, Contourplot[{y =2,y=2-2 «/?}, {x, -3, 3}, {y, -3, 3}] ,
Graphics[{Gray, Dashed, Line[{{o, 23}, {o, 2-2 «/3_}}]}” , Show[normalPlot,
contourplot[{y = (¢ V3 -4) - V3 x, y=-4-V3 x}, {x, -3, 3}, (v, -3, 3}],
Graphics[{Gray, Dashed, Line[{{-«/?, -1}, {3-«/_, «/?-1}}]}”}

3F T T T T T n 3p

2 2r

N
T

—
o
~
o
[——)

-3 -2 - 0 1 2 3 -3 -2 - 0 1 2 3

FEA—EHS, EHEBFE LESH FITEHIIRZN, BFT42ZEERYEE, WFRENEEHS%, 5=
BIEBRBEX MER : HAEEIEN =FENHIFEZ Ko
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{Show[normalPlot, Plot[—l, {x, -v3,vVs3 }] ,
Plot[z—'\/B x, {x, 0, V3 }] Plot[2+'\/3 x, {x, -3, o}]],
2 2 2
Show[normalPlot, ContourPlot[x +y° == (2’\/3 —2) s {x, -2, 2}, {y, -2, 2}”,
Show [normalPlot, ContourPlot[x? +y” = 4, {x, -2, 2}, {y, -2, 2}]],

Show[normalPlot, ContourPlot[x2+ (y— (2—'\/?))2 =3, {x, -2, 2}, {y, -2, 2}]]}

-2 -2

-3 . 4 -3
-3 -2 -1 0 1 2 3 -3 -2 - 0 1 2 3

3 ' 3

2 2

-3 -2 A1 0 1 2 3 -3 -2 A 0 1 2 3

EE=RABIIANYIE=EE. AUIE. SMEE. FEE.,
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nil= r=1.5;
angle[vec_] := Arg[First[vec] + I x Last[vec]] + If[Last[vec] 20, 0, 2 xPi]
arc[pt_, t_] :=pt+r=* {Cos[t], Sin[t]}
test[vec_, t_] := angle[vec] < t & t <= Pi /3 + angle[vec]

ptl[t_] :=r xPiecewise[{
{{t, 1}, 0<t<Pi/3},
{{pi/ 3, 0} + RotationMatrix[Pi/3-t].{0, 1}, Pi/3 <t<2Pi/3},
{{t-Pi/3, 1} + RotationMatrix[Pi-t].{0, -1}, 2Pi /3 <t&&t <Pi},
{{2Pi/3,0}, Pi<t&&t <4Pi/3},
{{t-2Pi/3, 1} + RotationMatrix[4Pi/3-t].{0, -1},
4Pi/3<t&&t <5Pi/ 3},
{{Pi, 0} + RotationMatrix[2Pi-t].{0, 1}, 5Pi/3 <t&&t <2Pi}
i

pt2[t_] :=r x Piecewise[{
{{t, 1} + RotationMatrix[-t].{0, -1}, O <t <Pi/ 3},
{{pi/ 3, 0} + RotationMatrix[2Pi/3-¢t].{0, 1}, Pi/3<t=<2Pi/3},
{{t-Pi/3,1}, 2Pi/3 <t&&t <Pi},
{{2Pi/ 3, 0} + RotationMatrix[Pi-t].{0, 1}, Pi<t&&t <4Pi/ 3},
{{t-2Pi/3, 1} + RotationMatrix[5Pi/3-t].{0, -1},
4Pi/3<t&&t <5Pi/3},
{{Pi, 0}, 5Pi/3 <t&&t <2Pi}
i

pt3[t_] :=r x Piecewise[{
{{t, 1} + RotationMatrix[Pi/3-t].{0, -1}, 0 <t <Pi/3},
{{pi/3,0}, Pi/3<t=<2Pi/ 3},
{{t-Pi/3, 1} + RotationMatrix[2Pi/3-t].{0, -1}, 2Pi/3 <t&&t <Pi},
{{2Pi/3, 0} + RotationMatrix[4Pi/3-t].{0, 1}, Pi<t&&t < 4Pi/3},
{({t-2Pi/3, 1}, 4Pi/3 <t&&t <5Pi/3},
{{Pi, 0} + RotationMatrix[5Pi/3-¢t].{0, 1}, 5Pi/3 <t&&t <2Pi}
i

center[t_] :=Mean[{ptl[t], pt2[t], pt3[t]}];
reuleaux[a_, b_, c_, t_] := Piecewise[{
{arc[a, t], test[b-a, t]},
{arc[b, t], test[c-Db, t]},
{arc[c, t], test[a-c, t]}}];

getangle[u_] := ArcTan[First[u], Last[u]];
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Manipulate [Show|[
ParametricPlot [Evaluate@reuleaux[ptl[s], pt2[s], pt3[s], t], {t, O, 7xPi/ 3},
Epilog » {{Red, PointSize[.0l1], Point[center[s]]},
{Black, PointSize[.01], Point[ptl[s]]},
{Black, PointSize[.0l1], Point[pt2[s]]},
{Black, PointSize[.0l1], Point[pt3[s]]},
{Gray, Dashed, Line[{{-1, r}, {7, r}}]1},
{Orange, Circle[ptl[s], r,
anglecheck[{getangle[pt2[s] - ptl[s]], getangle[pt3[s] -ptl[s]]1}]1]1},
{Orange, Circle[pt2[s], r, anglecheck|[{getangle[ptl[s] - pt2[s]],
getangle[pt3[s] -pt2[s]]}]1]1}, {Orange, Circle[pt3[s], r,
anglecheck[{getangle[ptl[s] - pt3[s]], getangle[pt2[s] -pt3[s]]1}]1]1}},
ImageSize » {425, 250},
PlotRange -» {{-.5, 7}, {-.1, 1.6}},
PerformanceGoal -» "Speed", MaxRecursion - 1],

ParametricPlot [Evaluate@If[ctrQ, 1, O] * center[t], {t, O, s+ .001},
PlotStyle » Directive[Red], PerformanceGoal -» "Speed", MaxRecursion -» 1],

ParametricPlot[Evaluate@If[ptlQ, 1, 0] *ptl[t],

{t, 0, s+ .001}, PlotStyle » Directive[ColorData[l, 1]],
PerformanceGoal -» "Speed", MaxRecursion - 1],

ParametricPlot [Evaluate@If[pt2Q, 1, 0] *pt2[t],

{t, 0, s+ .001}, PlotStyle » Directive[ColorData[l, 2]],
PerformanceGoal -» "Speed", MaxRecursion - 1],

ParametricPlot [Evaluate@If[pt3Q, 1, 0] *pt3[t], {t, O, s+ .001},
PlotStyle » Directive[ColorData[l, 3]], PerformanceGoal -» "Speed”,
MaxRecursion » 1], ImageSize » {600, 390}],

{{s, 0, "%&N#EE"}, 0, 2Pi, 0.01Pi},

{{ptlQ, True, "E%Tﬁﬁﬁ\\lﬁ’ﬁhﬂ"}, {True, False}, ImageSize - Small},
{{ptZQ, False, "Eﬁ?Tﬁi,‘ﬁZE'\]?ﬂﬂ"}, {True, False}, ImageSize - Small},
{{pt3Q, False, "E?J_?Tﬁ)f—iﬁ’\]iﬁﬂ"}, {True, False}, ImageSize - Small} ,
{{ctrQ, True, "BRTPCOHHIE")}, {True, False}, ImageSize - Small} ,
SaveDefinitions -» True, AutorunSequencing -» {1}
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RENEER D‘

BRI M
ERAAH P D
ERAAHIPIE D
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---15f

10F

Y& = AIRERIINT B RT3, XU THE = AR EFmM%. @i XERE, SEIRZTEE, 84E5=4
TERIHIDTER IR AIBD T B —5 B4, e —FIEZfi%, BRITRATNDNEFiTTx#eELS ENAS T
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o FURBXMER, BT FERUE S 80& = B E RS HAR,
(EEEF: [1))

B =AM IE A ARIEYS STl

ME=ATAYITIEST
HT#HE=ZATER—TMERHE, EATEBARU T M ORKAETEENIESFE:
In33]:= Show[normalPlot, Graphics[

{FaceForm[Opacity[O] ], EdgeForm[ {Thickness[.006], RGBColor[0.37, 0.51, 0.7]}],

reseangie[{-+/3, 2273}, (V5 A)]}]]

3 -

o
T T T T
1

out[33]=

e T S R S R
-3 -2 -1 0 1 2 3

$hi& = AR IE S ANRIER

2R, XNTEKAaWIEFH, BEERaAER=BEALH M, SNEEER—TRE
&, XNNEENaNAYEE = BEELEAEANEREESHHNE MRS,
E_APELHEAREN, =AM TRSEERAN=5F0L, BMEESELREEL AN
Fo
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FEIETTEPIBERsRIENE = B . BRFIR: [10]

FRME=ATNX MR, FAIUFBRRASE =AML MEELEATNL, BTEE. K
MINTEFR. AMM EEREATAINEE, #E=AFRENAINKERETENESR, Hb
DRI AR ZEER LR, MRA —FIIREMUTBRER L,

In[74]:= Show[ParametricPlot[{{l -Cos|[t] —'\/?Sin[t] , 1-8Sin[t] - '\/?Cos[t]},
{—l—Cos[t] -4/3 sin[t], -1-Sin[t] —‘\/3_Cos[t]},
{-1 -Cos[t] +V3 Sin[t], 1-Sin[t] + ‘\/?Cos[t]},

{1—Cos[t] +4V3 sin[t], -1-Sin[t] +«/?Cos[t]}}, {t, 0, 2 Pi}] , Graphics|[
{FaceForm[Opacity[0]], EdgeForm[ {Thickness[.003], RGBColor[0.37, 0.51, 0.7]}],
Rectangle[{-1, -1}, {1, 1}]}]]

3+

4
t
Oulf74]= ——1 o v v 0 1 0 0 0 \/‘ s L N P R B

-3 -2 - L 2 3
4

-2+

B8 = BT IER I BIX 122 /1 — TN IE 75 T 0L P9 M EIR — 385 T8 B 2H 2 T AT o
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Sin[t], 1+Sin[t] +

In[73]:= Show[ParametricPlot [{{1 +Cos[t] + Cos[t] } ’

{-1 +Cos[t] + Sin[t], -1+Sin[t] + Cos [t]},

{—l—Cos[t] + Sin[t], 1-Sin[t] + Cos[t]},

3
{l—Cos[t] + Sin[t], -1-Sin[t] + Cos[t]}}, {t, 0, 291}],

]2.36185 Y ]2.36185

2«/3_/3-1

ContourPlot [Abs [ + Abs [

X
_— == r

2V3 /3-1

{x, -1, 1}, {y, -1, 1}], Graphics|

{FaceForm[Opacity[0]], EdgeForm[ {Thickness[.003], RGBColor[0.37, 0.51, 0.7]}],
Rectangle[{-1, -1}, {1, 1}1}]]

out[73]= N LN,

/}Q\A

-2+

| 17+ | L1721, Bossa= 232 12236185,

B =AM

LY RESvbiA
78 %38 (Reuleaux polygon) BIMUAERFTHCANIEZIAFADETME (BEERIE L0 HTR
ROEEXNE, AMEEER) , EREE=AEEd#in=3rSHkE .

HEBHRIZ, Barbier's theorem (Joseph-Emile Barbier, 1860) &, M HmMENEE—F (BA
s) B, EMINEKHEZ%, B C=rs. FIA Blaschke-Lebesgue theorem FJLLIERB#N& = A 2 H
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‘e, Bl F\S:;—(n-\/?)szo FMAE = AP MR, FJUAFESE=AERRIH
HEUTEMH, ARNTEEAZE—HIASERAE.

Table[
Graphics[{LightOrange, Table[{Rotate[Disk[{r *Sin[2Pi/j], r*Cos[2Pi/j]},
(r+r*Cos[Pi/j]) /Cos[Pi/j /2], {(J/2+(J-5)/2%1/2)%(2Pi/j),
(3/2+1/2+(3j-5)/2%x1/2) % (2Pi/3j)}],
i*(2pPi/j), {0,0}1}, {i, 1, 3}1}1, {3, 5, 15, 2}]

BEniiE, n=5,79 11,13 15,

g =R =4

BhigmE{F

& ME{A (Reuleaux tetrahedron) @88 = AT E=ZST RN . BN—PNEME@EE, 25)AE4D
TAABRD, EORAFEREEENERPOERI2 S EEE,
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RegionPlot3D[

2

2 1 1 )2 1)2 1 )2
x2+y%+ |2z - - <1&& |x+ +(y+—) + |2+ <1&&
3

+2«/? 243 2 246

1 )2 1)2 1) 1 )2 1 )2
[x+ ] +(y——] +[z+ ] sl&&[x——] +y2+[z+ ] <1,
23 2 26 V3 2vVe6
{x, -0.75, 0.75}, {y, -0.75, 0.75}, {z, -0.75, 0.75}, PlotPoints - 60,
PlotStyle -» Directive[LightBlue, Opacity[0.6]],

Mesh -» None, NormalsFunction -» None]

-0.5

—PMEITHEZE 2 1 BIERIER IR BT84 PHETE
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Show[Table[Regionplotsn[f, {x, -2, 2}, {y, -2, 2}, {z, -2, 2}, PlotPoints - 40,
PlotStyle -» Directive[LightBlue, Opacity[0.05]], Mesh - None],

{f, {x2+yz+[z- 3+ ! ] <1, |x+ ! ]2+(y+1)2+[z+ ! ]251,
J3 2Ve 23 2 2Ve
[x+ ! ]2+(y-1)2+[z+ ! ]251,
23 2 2Ve

2 2
1 1
[x - —] +y2+ [z + J < 1}}] , Boxed -> False, Axes -> False]

V3 26

B8 LU EIRAIHE 77 %

RMERERNZ, PBROEFHIE—MERME. IERAE—TENEFRN, —FKEROHR

BRSO R RIS R A (V3 - 2 5= 1024955

MeissnerPUmE &

19114, EEAIMeissnerMSchillingE &g =AM T — &8, FEMRET=ZBERB, WEXK
HEMBFERATEEME, FRIEMeissnerlE{E (Meissner tetrahedron). Hr1, BRFEZRAMERZ

DA RS XS D iEsE ML -

R,

-
N
N\
w /

—1"MeissnerUEtk. EHFRE: [8]
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MeissnerlUEIFRE F— 1 FERE B HI-EIRIE %, BARFF: [4]

EhE=RENREE
B8k = A I, TR EE M
Mo

& = AT SRR A T R T AINE e R B F T BB — TN 2 RIEIERE, (FRENE LR IR —F N HIER
M ATHERE (452 & 2 HE o

http://demonstrations.wolfram.com/ARollingReuleauxTriangle/

\

https://en.wikipedia.org/wiki/Reuleaux_triangle
https://en.wikipedia.org/w/index.php?titte=Barbier%27s_theorem

Weber, Christof (2009). “What does this solid have to do with a
ball?”(http://www.swisseduc.ch/mathematik/geometrie/gleichdick/docs/meissner_en.pdf)

Weisstein, Eric W (2008), Reuleaux Tetrahedron, MathWorld - Wolfram Web Resource
https://en.wikipedia.org/wiki/Reuleaux_tetrahedron

I

http://demonstrations.wolfram.com/MeissnerTetrahedra/
http://www.lama.univ-savoie.fr/~lachand/Spheroforms.html

Howard L. Resnikoff (2013), On Curves and Surfaces of Constant Width,
http://arxiv.org/abs/1504.06733

10. https://en.wikipedia.org/wiki/Reuleaux_triangle#/media/File:Rotation_of Reuleaux_triangle.
gif
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