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THE SACRED ART
OF WASAN: A
JOURNEY INTO
JAPANESE TEMPLE
GEOMETRY

In the misty mountains
of feudal Japan, hidden
wi th in  the  serene
grounds  of  Sh into
shrines  and  Buddhist
t e m p l e s ,  a n
e x t r a o r d i n a r y
mathematical  tradition
flourished  for  over  two
c e n t u r i e s .  T h i s
tradition,  known today
a s  S a c r e d
M a t h e m a t i c s

Japanese  Temple
Geometry,  represents
a  unique  fus ion  of
ar t is t ic  devot ion,
spiritual  practice,  and
rigorous  geometrical
reasoning.  Unlike  the
a b s t r a c t ,  p u r e l y
t h e o r e t i c a l
mathemat ics  that
developed in the West,
J a p a n e s e  t e m p l e
g e o m e t r y  w a s  a
tangible,  visual,  and
deeply spiritual pursuit.
I t  was  a  means  o f
offering  thanks,
c h a l l e n g i n g  t h e
i n t e l l e c t ,  a n d
contemplating  the
divine  order  of  the
universe  through  the
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elegant  language  of
shapes  and  theorems.
The  artifacts  of  this
t r a d i t i o n  a r e  t h e
Sangaku  (算額),  which
translates  literally  to
"calculation  tablets."
These  were  wooden
votive  plaques,  often
ornately  painted  and
inscribed, that pilgrims
and  mathematicians
would hang under the
eaves  of  temples  and
shrines. Each Sangaku
presented a beautifully
rendered  geometrical
p r o b l e m ,  a l m o s t
always  a  configuration
of  circles,  ellipses,
triangles,  and  squares
arranged in stunningly
harmonious  patterns.
The  solutions  were
inscribed alongside the
problem,  sometimes
with a general formula,
and occasionally with a
cryptic  clue.  For  the
devotee,  solving  the
p r o b l e m  w a s  a n
i n t e l l e c t u a l  a n d

spiritual  exercise;  for
the creator,  it  was an
act of worship, a public
declaration  of  their
mathematical  prowess
offered to the gods.

The
Historical
Roots of
Wasan
and
Sangaku
To  understand  the
significance  of  Sacred
M a t h e m a t i c s
Japanese  Temple
Geometry,  one  must
first  appreciate  the
broader  context  of
Wasan (和算). This is the
term  for  the  unique
school of mathematics
that  deve loped  in
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Japan  during  the  Edo
period  (1603–1868).
During  this  t ime  of
peace  and  national
seclusion,  Japanese
scholars  were  cut  off
f r o m  t h e  r a p i d
advancements  o f
Western  mathematics.
Instead, they cultivated
thei r  own  d ist inct
methods ,  heav i ly
influenced  by  Chinese
mathematical  classics
b u t  d e v e l o p i n g  a
u n i q u e  f o c u s  o n
g e o m e t r y  a n d
algebraic  manipulation
using  devices  like  the
soroban (abacus).
The  first  known
Sangaku dates back to
1683, and the practice
continued well into the
late 19th century, even
a f t e r  t h e  M e i j i
Restoration  opened
Japan  to  the  West.
T h e s e  t a b l e t s
represent a grassroots
m a t h e m a t i c a l
movement .  Wh i le

professional  samurai
m a t h e m a t i c i a n s
existed, a vast number
o f  S a n g a k u  w e r e
created by people from
a l l  w a l k s  o f  l i f e :
farmers,  merchants,
shrine  priests,  and
e v e n  w o m e n  a n d
c h i l d r e n .  T h i s
democratic nature is a
key  aspec t  o f  the
tradition.  Mastering  a
complex  problem  and
carving a Sangaku was
a way to earn respect
and  contribute  to  the
cultural  and  spiritual
l i f e  o f  t h e  l o c a l
community.
T h e  p r o b l e m s
themselves  are  rarely
s imp le .  A  t yp i ca l
Sangaku  might  depict
a  l a r g e  c i r c l e
containing  several
smaller,  interlocking
circles  that  are  al l
tangent  to  each other
and to the lines of an
enclosing  triangle  or
square.  The  challenge
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is  often  to  find  the
radius of one unknown
circle  in  terms  of  the
others. These problems
beautifully  illustrate
concepts  such  as:

Tangent circles
and the
Descartes Circle
Theorem
Inscribed and
circumscribed
polygons
The properties of
ellipses and
parabolas
Malfatti circles
and other
advanced
configurations
Volume
calculations for
complex solids

The
Spiritual

Significan
ce of
Geometri
cal
Beauty
W h y  w e r e  t h e s e
mathematical  proofs
offered  as  sacred
o b j e c t s ?  T h e
connection  between
Sacred  Mathematics
Japanese  Temple
G e o m e t r y  a n d
spirituality is profound.
In Shinto and Buddhist
thought,  the  universe
is seen as an ordered,
harmonious  system.
G e o m e t r i c
patterns—the  perfect
circle of the rising sun,
the square of the rice
paddy, the golden ratio
of  a  seashel l—are
c o n s i d e r e d
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f u n d a m e n t a l
expressions  of  that
cosmic  order.
By  solving  a  complex
geometric problem, the
mathematician was not
jus t  per fo rming  a
mundane  calculation.
They  were  uncovering
a  piece  of  the  divine
blueprint.  The  act  of
inscribing the problem
onto  a  Sangaku  and
offering  it  to  a  temple
w a s  a  f o r m  o f
gratitude. It was a way
of  say ing ,  " I  have
g l impsed  a  sma l l
f r agment  o f  you r
perfect creation, and in
return,  I  offer  this
beauty  back  to  you."
The Sangaku served as
a  p h y s i c a l
representation  of  an
i n t e l l e c t u a l  a n d
spiritual  achievement,
a  p r a y e r  m a d e
manifest in wood, ink,
and paint.
Fur thermore ,  the
problems  often  had  a

meditative  quality.
V i s u a l i z i n g  t h e
relationship  between
mu l t i p l e  t angen t
c i rc les ,  ad just ing
var iables  in  one’s
mind,  and  striving  for
an  elegant  solution
requ i red  i n tense
concentration  that
m i r r o r e d  Z e n
meditation.  The  goal
w a s  n o t  j u s t  t h e
answer, but the clarity
and purity of the proof.
A n  u g l y ,  c l u n k y
s o l u t i o n  w a s
considered inferior to a
simple,  elegant  one
that revealed a deeper
underlying  truth.  This
pursuit  of  aesthetic
p e r f e c t i o n  i n
mathematics is a core
tenet of the tradition.

Iconic
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Theorems
and
Recurring

Problems
While  the  specific
problems  on  Sangaku
are  countless,  certain
types  of  configurations
appear  repeatedly,
forming a kind of visual
vocabulary for Sacred
M a t h e m a t i c s
Japanese  Temple
G e o m e t r y .
Understanding  these
classic forms helps one
a p p r e c i a t e  t h e
creativity of the Wasan
mathematicians.

THE PROBLEM OF
TANGENT CIRCLES

This is by far the most
common  theme.  A
typical  Sangaku  will
show  a  large  circle

containing two or more
smaller circles that are
tangent  to  each other
and to the large circle.
T h e  " M i k a n "
(tangerine)  problem,
which involves a chain
of circles inscribed in a
c i r c l e ,  b e c a m e  a
popular challenge. The
most  famous  is  the
G i o n  S h r i n e
Sangaku ,  w h i c h
features  a  cluster  of
tangent circles and an
inscribed  equilateral
triangle.  Solving  it
o f t e n  r e q u i r e s
repeated application of
t h e  P y t h a g o r e a n
t h e o r e m  a n d  t h e
concept  of  the  radius
of a tangent circle.

ELLIPSES AND THEIR
INSCRIBED FIGURES

The  e l l i p se  was  a
s o u r c e  o f  g r e a t
f a s c i n a t i o n  f o r
Japanese  geometers.
Many Sangaku feature
ellipses with a series of
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circles  packed  tightly
inside them, or ellipses
i n s c r i b e d  w i t h i n
r e c t a n g l e s  a n d
t r i a n g l e s .  T h e s e
problems demanded a
high level of algebraic
skill, as the equation of
an  ellipse  had  to  be
manipulated  in  non-
standard  ways.  The
ability to calculate the
maximal  packing  of
circles inside an ellipse
was  a  common  and
h igh ly  respec ted
challenge.

STACKED SPHERES
AND THREE-
DIMENSIONAL
SOLIDS

N o t  a l l  S a c r e d
M a t h e m a t i c s
Japanese  Temple
Geometry was planar.
A  number  of  Sangaku
present  problems  in
three  dimensions.
These  might  involve
calculating the volume

of a stacked pyramid of
s p h e r e s  i n s i d e  a
c y l i n d e r ,  o r
determining the radius
of a sphere that can be
inscr ibed  with in  a
complex intersection of
other  solids.  These
problems  demonstrate
a  s o p h i s t i c a t e d
unders tand ing  o f
spatial  relationships
a n d  f o r e s h a d o w
concepts  in  modern
topology  and  sol id
geometry.

THE ENIGMA OF THE
MALFATTI CIRCLES

O n e  o f  t h e  m o s t
famous  p rob lems
involves  the  Malfatti
circles:  three  circles
p a c k e d  i n s i d e  a
triangle,  each  tangent
to  the other  two.  The
W a s a n
mathematicians,  who
predated  the  Italian
mathematician Malfatti
by over a century, had
already  developed
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the i r  own  e legant
solutions  for  finding
the  rad i i  o f  these
circles,  often  using  a
technique  known  as
"Japanese  Theorem"
for  cyclic  polygons.
This  highlights  the
independen t  and
parallel  discovery  of
deep  mathematical
truths.

The Tools
and
Techniqu
es of the
Wasan
Masters
How did the creators of
Sacred  Mathematics
Japanese  Temple
Geometry solve these
incredibly  complex

problems  without  the
aid of modern calculus
o r  c o o r d i n a t e
geometry? Their toolkit
w a s  e l e g a n t  b u t
limited.  They  relied
heavily  on:

The Soroban:1.
The Japanese
abacus was the
primary
calculation
device. Masters
could perform
complex root
extractions and
polynomial
manipulations
with astonishing
speed.
Geometric2.
Intuition:
Lacking a formal
coordinate
system, they
thought in purely
geometric terms.
They would draw
a diagram, label
lengths, and
derive equations
based purely on



Sacred Mathematics Japanese Temple
Geometry 9

9

the relationships
of tangency and
similarity.
Algebraic3.
Notation with
Tenzan: The
tenzan method
was a unique
form of algebraic
notation used in
Wasan. It used a
series of columns
and positions to
represent
polynomial
equations,
functioning like a
primitive
symbolic
algebra. This
allowed them to
solve systems of
equations that
would baffle a
modern student
without a
computer.
The4.
Pythagorean
Theorem: This
was, and
remains, the

workhorse of
geometry. Most
Sangaku
problems are
ultimately
reducible to a
complex network
of right triangles
and the
application of the
Pythagorean
theorem.

The  beauty  of  their
approach is that it was
largely  v isual  and
constructive.  They
sought  geometr ic
proofs  that  explained
why  a  relationship
held,  not  just  that  it
did.  This  stands  in
stark  contrast  to  the
m o r e  a n a l y t i c a l ,
e q u a t i o n - d r i v e n
approach  of  modern
mathematics.

The
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Decline
and
Modern

Revival
W i t h  t h e  M e i j i
Restoration  in  1868,
Japan  rapidly  adopted
Western  science  and
e d u c a t i o n .  T h e
tradit ional  Wasan
methods were seen as
a rcha i c  and  were
quickly replaced by the
more  powerful  and
systematic  calculus
and  algebra  of  the
West.  The  practice  of
creating  and  hanging
Sangaku  largely  died
out .  However ,  the
p h y s i c a l  t a b l e t s
themselves  endured.
Many  thousands  of
Sangaku were created,
and  over  900  have
survived to the present

d a y ,  c a r e f u l l y
preserved  in  temples,
shrines,  and museums
across Japan.
In  recent  decades,
t h e r e  h a s  b e e n  a
spectacular  revival  of
interest  in  Sacred
M a t h e m a t i c s
Japanese  Temple
G e o m e t r y .
Mathematicians  and
historians from around
t h e  w o r l d  h a v e
traveled  to  Japan  to
study the Sangaku. The
problems  have  been
t r a n s l a t e d  a n d
popularized  in  books
b y  a u t h o r s  l i k e
Hidetoshi  Fukagawa
and  Tony  Rothman.
The modern appeal  is
multifaceted:

Aesthetic
Beauty: The
visual elegance
of the problems
is undeniable.
They are as
much works of
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art as they are
mathematical
puzzles.
Historical
Insight: They
offer a unique
window into the
intellectual and
spiritual life of
Edo-period Japan.
Pedagogical
Value: The
problems are
excellent
challenges for
students of
geometry. They
require creative
thinking and a
deep
understanding of
fundamental
principles, more
so than a
standard
textbook
exercise.
The Puzzle
Aspect: For
many, the main
draw is the sheer
difficulty and

satisfaction of
solving a
centuries-old
puzzle,
connecting with
the mind of a
long-dead
mathematician.

How to
Experienc
e Temple
Geometry
Today
F o r  a  m o d e r n
enthusiast, the world of
Sacred  Mathematics
Japanese  Temple
Geometry  is  more
accessible  than  ever.
You  can  explore  it  in
several ways:
1. Visit the Temples:
The  most  authentic
way  is  to  t ravel  to
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Japan  and  see  the
S a n g a k u  i n  t h e i r
original  homes.  The
Gion  Shrine  in  Kyoto
a n d  t h e  K i t a n o
Tenman-gu  Shrine  are
famous locations. Many
rural  temples  in  the
Tohoku  region  have
small  but  impressive
collections.
2 .  S t u d y  t h e
Collections:  Several
excellent books collect
and solve hundreds of
Sangaku  problems.
"Sacred  Mathematics:
J apanese  Temp le
G e o m e t r y "  b y
F u k a g a w a  a n d
Rothman is considered
the  definitive  modern
t e x t .  I t  p a i r s  t h e
original  problems with
modern  solutions  and
historical commentary.
3.  Engage  with  the
Problems:  You  can
use geometry software
l i k e  G e o G e b r a  t o
r e c o n s t r u c t  t h e
Sangaku diagrams and

attempt to solve them
yourself.  This  is  an
immensely  rewarding
way  to  l ea rn .  The
process  of  trying  to
find  the  relationship
between the circles is a
direct  connection  to
the  Wasan  masters.
4.  Appreciate  the
Art: Even if you do not
w i sh  t o  so l ve  t he
prob lems,  s imp ly
looking  at  the  color
plates of  the Sangaku
i s  a  p o w e r f u l
e x p e r i e n c e .  T h e
symmetry, the delicate
l ine  work,  and  the
subtle  gradations  of
color evoke a sense of
peace and harmony.

Conclusio
n: The
Enduring
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Legacy of
Sangaku
Sacred  Mathematics
Japanese  Temple
Geometry is far more
t h a n  a  h i s t o r i c a l
c u r i o s i t y .  I t  i s  a
powerful reminder that
mathematics is not just
a cold,  utilitarian tool.
It can be a form of art,
a  path  of  spir i tual
d i s c i p l i n e ,  a n d  a
profound expression of
human  creativity.  The
Sangaku  represent  a
unique  moment  in
h i s t o r y  w h e n  t h e
p u r e s t  f o r m s  o f
abstract  thought  were
offered as  a  gift  to  the
divine,  nai led  to  a
wooden beam under a
temple roof.
In a world increasingly
dominated by abstract
d i g i t a l  c o d e  a n d

algorithmic  thinking,
the  tangible,  visual,
and  sacred  nature  of
these  wooden  tablets
offers  a  refreshing
perspect ive.  They
invite us to slow down,
to  contemplate  the
perfect  fit  of  a  circle
within  a  triangle,  and
to  see  the  elegant
order  that  underlies
the apparent chaos of
the  world.  The  legacy
of  the Wasan masters
lives on, not just in the
surviving tablets, but in
the  global  community
of  puzz le  so lvers ,
mathematicians,  and
spiritual  seekers  who
continue  to  find
wonder and inspiration
i n  t h e  b e a u t i f u l
geometry of old Japan.
The  s i lent  wooden
plaques  still  speak,
w h i s p e r i n g  t h e i r
ancient  challenges  to
anyone  who  will  stop
and listen.


