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Edmunds, Knisely, Seitz
(7) Solution using Maxima and mnr method 2025-



Solution in Seiyo Sanpo (Fujita)

||C |C C B B| B|| 1/2

0911-3/22

(1) Multiply middle and small diameters, take root, name it
Ten

Ten =
√
2r2 × 2r3 = 2

√
r2r3

(2) Add all 3 diameters, multiply by large, take root, name it
Chi

Chi =
√
(2r1 + 2r2 + 2r3) × 2r1 = 2

√
r1(r1 + r2 + r3)

(3) Multiply large by Ten, divide by (Chi - large) to get full
diameter

2r = 2r1×Ten
Chi−2r1

(4) Substitute (1) and (2) into Ten and Chi of (3) and simplify

2r = 2r1×2
√

r2r3

2
√

r1(r1+r2+r3)−2r1
= 2r1

√
r2r3√

r1(r1+r2+r3)−r1
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Derivation in SanpoTenzanTebikigusa
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Dl, Dm, Ds: Diameters of 3 circles

(1) Definition of variables

Ne =
√
Dl · Ds, Ushi =

√
Dm · Ds

Ne + Ushi = U(, Tatsu,Mi)

(2) Construction of relations (Equation setup)
Write direct product on left
Eliminate direct product/solve”

(3) Elimination and derivation of algorithm

(4) Multiply middle and small diameters,take root(Rin)
Rin =

√
Dm · Ds, Ho =

√
(Dl + Dm + Ds) · Dl
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Ne + Ushi = U(, Tatsu,Mi)

(2) Construction of relations (Equation setup)
Write direct product on left
Eliminate direct product/solve”

(3) Elimination and derivation of algorithm

(4) Multiply middle and small diameters,take root(Rin)
Rin =

√
Dm · Ds, Ho =

√
(Dl + Dm + Ds) · Dl

D =
Rin · Dl

Ho − Dl



Solution by KeTCindy



What is KETCindy?

||C |C C B B| B|| 1/4

0911-6/22

• Macro package for DGS Cinderella



What is KETCindy?

||C |C C B B| B|| 2/4

0911-6/22

• Macro package for DGS Cinderella

• Interactively create TEXdrawing files
(1) Create source code in Cinderella
(2) Execute TEXvia batch file by pressing a button
(3) Call Maxima (CAS), R, C (Surfaces), etc.



What is KETCindy?

||C |C C B B| B|| 3/4

0911-6/22

• Macro package for DGS Cinderella

• Interactively create TEXdrawing files
(1) Create source code in Cinderella
(2) Execute TEXvia batch file by pressing a button
(3) Call Maxima (CAS), R, C (Surfaces), etc.

• Distribution of KETCindy
· Search for "ketcindy home"

· KeTTeX (⊂TeXLive) is also distributed
· Students from Numazu and Kisarazu KOSEN

created a batch installer



What is KETCindy?

||C |C C B B| B|| 4/4

0911-6/22

• Macro package for DGS Cinderella

• Interactively create TEXdrawing files
(1) Create source code in Cinderella
(2) Execute TEXvia batch file by pressing a button
(3) Call Maxima (CAS), R, C (Surfaces), etc.

• Distribution of KETCindy
· Search for "ketcindy home"

· KeTTeX (⊂TeXLive) is also distributed
· Students from Numazu and Kisarazu KOSEN

created a batch installer



Wasan and Solution by Maxima

||C |C C B B| B|| 1/5

0911-7/22

• Wasan geometry are interesting teaching ma-
terials. Solving them hands-on will increase
interest and engagement



Wasan and Solution by Maxima

||C |C C B B| B|| 2/5

0911-7/22

• Wasan geometry are interesting teaching ma-
terials. Solving them hands-on will increase
interest and engagement

• Solving directly requires insight and consider-
able calculation skills



Wasan and Solution by Maxima

||C |C C B B| B|| 3/5

0911-7/22

• Wasan geometry are interesting teaching ma-
terials. Solving them hands-on will increase
interest and engagement

• Solving directly requires insight and consider-
able calculation skills

• Using CAS, high school level geometry knowl-
edge is sufficient



Wasan and Solution by Maxima

||C |C C B B| B|| 4/5

0911-7/22

• Wasan geometry are interesting teaching ma-
terials. Solving them hands-on will increase
interest and engagement

• Solving directly requires insight and consider-
able calculation skills

• Using CAS, high school level geometry knowl-
edge is sufficient

• Even with CAS, it is often not easy to solve
· Calculations involving radicals usually fail



Wasan and Solution by Maxima

||C |C C B B| B|| 5/5

0911-7/22

• Wasan geometry are interesting teaching ma-
terials. Solving them hands-on will increase
interest and engagement

• Solving directly requires insight and consider-
able calculation skills

• Using CAS, high school level geometry knowl-
edge is sufficient

• Even with CAS, it is often not easy to solve
· Calculations involving radicals usually fail

• Thus, we devised the mnr method to express
triangles using m = tan B

2
, n = tan C

2
, and in-

radius r.
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• Expressions of triangle properties (Rational
expressions)
vtxL:(− r

m
,−r), vtxR:( r

n
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(
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m
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• Created Maxima library for the mnr method
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• Basic commands
putT(m,n,r) Place triangle with incenter at origin
slideT(p1,p2) Translate so that p1 matches p2
rotateT(m,p) Rotate by 2 tan−1(m) around p

• Main commands for formula manipulation
numerf(f),denomf(f) Factorize num and denom
frfactor(f) Simplify fraction
frev(eq,rep) Substitute rep into eq and simplify
radcan(s)Simplify irrational expressions(Maxima)



Main Commands for Geometry
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• Angle conversions
supA(m),comA(m) Supple./comple. angles
plusA(m1,m2),minusA(m1,m2) Sum/diff. of angles
timesA(nn,m) Integer multiples of angles

• Others
dotProd(v1,v2),crossProd(v1,v2) Inner/outer prod
lenSeg2(p1,p2) Square of distance
meetLine(pts1,pts2) Intersection point
comTan1,comTan1C Common outer/inner tangent



Solution by KeTCindy 1
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(1) Prepare Cinderella (cdy) file and mkcmd file
e.g., malfattiin.cdy, malfattiinmkcmd.txt

(2) Use template file for cdy (import mkcmd.txt)

Screen of malfattiin.cdy figures slot
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(3) Description in mkcmd 1
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(4) Description in mkcmd 2
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(2) Create 3 mutually tangent circles C1,C2,C3

centered at A,B,C
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gents
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(6) Find the inradius
Demo malfattiin.cdy
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√
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=
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√
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• Also different from the solution in Sanpo Ten-
zan Tebikigusa (1841)

• Unknown if the error was known early, de-
bated, or corrected later

• Myojorinji Sangaku (1865) correct formula
• Sacred Mathematics (2008) also has the cor-

rect formula



Myojorinji Sangaku
0911-16/22

Q As shown, there are 3 circles and a
Green circle (incircle) inside the trian-
gle. Given the diameters of the 3 cir-
cles, what is the calculation method to
find the diameter of the Green circle?

A Find the square root of the sum of the
diameters of the 3 circles, call it ’Ten’
(Heaven).Subtract ’Ten’ from the sum
of the square roots of the diameters of
the 3 circles, call the remainder ’Jin’
(Human). Multiply the diameters of the
3 circles, take the square root, multiply
by 2, and divide by ’Jin’ to get the di-
ameter of the Green circle.

• Let the diameters of the 3 circles and incircle be d1, d2, d3, D

Ten =
√
d1 + d2 + d3, Jin =

√
d1 +

√
d2 +

√
d3 − Ten

D =
2
√
d1d2d3

Jin
=

2
√
d1d2d3√

d1 +
√
d2 +

√
d3 −

√
d1 + d2 + d3



Solution from Outside (Strategy)

||C |C C B B| B|| 1/4

0911-17/22

(1) Place ABC using putT(m,n,r), and let the in-
radius be r



Solution from Outside (Strategy)

||C |C C B B| B|| 2/4

0911-17/22

(1) Place ABC using putT(m,n,r), and let the in-
radius be r

(2) Let r1, r2, r3 be radii of incircles C1, C2, C3 of
AHJ,DBE,FGC similar to ABC



Solution from Outside (Strategy)

||C |C C B B| B|| 3/4

0911-17/22

(1) Place ABC using putT(m,n,r), and let the in-
radius be r

(2) Let r1, r2, r3 be radii of incircles C1, C2, C3 of
AHJ,DBE,FGC similar to ABC

(3) Solve the system of
equations derived from
mutually tangent con-
ditions of C1, C2, C3



Solution from Outside (Strategy)

||C |C C B B| B|| 4/4

0911-17/22

(1) Place ABC using putT(m,n,r), and let the in-
radius be r

(2) Let r1, r2, r3 be radii of incircles C1, C2, C3 of
AHJ,DBE,FGC similar to ABC

(3) Solve the system of
equations derived from
mutually tangent con-
ditions of C1, C2, C3

Demo malfattiout.cdy
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Solution from Outside (Discussion)
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• Matches the solution of Myojorinji

• Quarter angles play an important role



Seitz’s Derivation Formula
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• The Mathematical Visitor pp.190-191
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Equivalence with Seitz’s Formula
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• Let L = tan(A/4)

L = tan(π/4 − B/4 − C/4) = 1−tan(B/4+C/4)
1+tan(B/4+C/4)

=
1− M+N

1−MN

1+ M+N
1−MN

= 1−MN−M−N
1−MN+M+N

1 + L = 1 + 1−MN−M−N
1−MN+M+N

= 2 1−MN
1−MN+M+N

1+L
2

= 1−MN
1−MN+M+N
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2(1+M)
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• Potential as an Objective Verification Tool in
Mathematics History Research
· The mnr method and CAS can objectively

prove historical errors caused by human man-
ual calculations (Tenzan)

· Corrected the error in SeiyoSanpo and vali-
dated the truth of Myojorinji
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• Potential as an Objective Verification Tool in
Mathematics History Research
· The mnr method and CAS can objectively

prove historical errors caused by human man-
ual calculations (Tenzan)

· Corrected the error in SeiyoSanpo and vali-
dated the truth of Myojorinji

• New Approach to Wasan Education
· Even without advanced geometrical insight,

setting up equations correctly leads to the so-
lution. Students’ interest in Wasan will further
increase by "verifying" history themselves
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• Future Work
· Expansion and refinement of the mnr method

to handle more complex Sangaku problems
(e.g., quarter angles)

· Development of manuals and error-checking
functions to ensure beginners can reliably per-
form interactive solving


