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Modular_Origami-1 
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Stag_Beetle  

My_toco_toucan 

���������� !� 
"#$%��&'�����()!*+$$,! -(#�./0�0�1�2345( 

( %6%7 6'+7( (Toco Toucan)  
"#$%��&'�����()!*+$$,! -(#�./0�0� Michael G. LaFosse 

 
 0�A!�BC D��  !C"#$ CE�!F -C/06�2C'�,#  #(G(H!F!1�2345(�A! %0CI�!*I (origami) (#�( �#�*�*I)I0/2(6�27'A�(!(B3 #$7�!*
.���!*6!�JIK3E (#2(7/0 7LI)J!.)CM+KE�IJ� CC*  %��G($67�!*(�� &*,E�0� )#�0�A!�6�2(A!.(G,�0!B��"0�3N(B0���� �&/20
B37I�-C/07�(7��!)A0B��)!*7�!*.(G, 

K0�*!�CI2*,! +$$"#$6�274�(�7� #(�� (#2(7/0 (  CE�C��( (traditional crane) G7C*� CE�!F0�'AG K�O */0 G-�)#��3N(
.�2�-K�2�*,#)4C#.+K��K0�"#$�' (P�!,Q!B*AB�� K0�P!*�"/20(G K�O )#� (A!,E*�"#$�3N(.# 7(KE(A!) "#$�.CD,+K��K0�C/�0+ E00 *!G-*A 
+K�� !� CE�!F00 *!,E�-D(C0�"#$R#$R�0(6������ 

 
Origami-Crane 

 
Valley_Fold  

 
Mountain_Fold  

(  CE�C��(1�2345( "#$+$$-4$��! (Valley Fold) 
GU�.#1K# FLM�.�(3CE���-���( R�Q!O 

"#$+$$H'��! (Mountain Fold) 
GU�.#1K# FLM�.�(���-,4�-,4� R�Q!O 

7C!�(��K0�,�0��'C0�"#$G K�O ,E�-D(�A! C0�"#$*�+7A 2 +$$-K# O (#2(7/0 +$$�4$���!B3 �C�� �A! C0�"#$+$$-4$��! 
(valley fold) .A�(0� +$$('(�Y�(*! �C�� �A! C0�"#$+$$H'��! (mountain fold) C0�"#$6#��.0�+$$(�� �� !C"#$ CE�!F*�
.#1K# FLM*!)CZ!(6�2UA��G-�(# "#$ CE�!F���!G,)C� #(6#��%K �#�+.��G(C'3 
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��0( K#$*!*0�H!"C�* #(0� 7C#�� �"/20G-�C0�"#$B*AR#$R�0(,(� I(B3 &*,E�0"#$(  CE�C��(B3PY�C!�O 7CY2�6!� +K��
-�4��"/207K�2 CE�!F6�2P' "#$00 *!  D,EB��C'3+$$C0�"#$ (�C�� �A! crease pattern -C/0 CP) �#�+.��G(C'3 

 
Fold-Crane-Halfway  

CP-Line 

%*��K(  CE�C��("#$B3B��7CY2�6!� (�3N(+$$"#$+$(O +$$-(Y2�) C'3+$$C0�"#$ 
 
 7(6#2�B3�-D(C'3+$$C0�"#$0�A!�(��+K��  D0!,,ECQ!"Y�G(G,�A! �00!  D�C��$C�0��� +)A(# 7LI)J!.)CMUA!�7I���!7I� #(B3
B K �UA( 

• *E�0E E�E (Maekawa) "$�A! .Q!-C#$+$$"#$+$(O (flat fold) -! 7K�200 *!+K��*0�C0$O ,4�CA�*�0�C0�"#$ 
(vortex) ,E"$�A!,Q!(�(�.�(C0�"#$+$$H'��! (M b Mountain fold) +KE�.�(C0�"#$+$$-4$��! (V b Valley fold) ,E
)A!� #(0�'A�6A! #$ 2 �.*0 (#2(7/0 M b V = 2 -C/0 M b V = -2 0�A!�G�0�A!�-(Y2� (%3C��',! )#�0�A!�) 

• 7E�ERE I (Kawasaki) "$�A!-! ,#$*4*C0$O ,4�CA�*�0�C0�"#$*!$� -K$BKAB3�C/20�O ,(7C$C0$,EB���6A! #$ 0 
"0�� (%3C��',! )#�0�A!�) 

 
CP-Vortex 

 
CP-Angle 

���������	
����
��� (Maekawa�s Theorem) 

M � V = ±±±±2 
�� K*6�20�'A)C� K!� : M = 2, V = 4 �#�(#�( M-V = -2 
�� K*6�20�'A6!���! : M = 1, V = 3 �#�(#�( M-V = -2 

���������	"���#�
$ (Kawasaki�s Theorem) 
A � B + C - D = 0 

.Q!-C#$C'3+$$C0�"#$(�� A = 135 0�J!, B = 67.5 0�J!, 
C = 45 0�J! +KE D = 112.50�J! 

 
 K0�3CE�4 )M6oFp�$66#��.0�(�� #$+$$"#$%*��K0/2( �"/207�("$����)(�0��A!6oFp�$6�-KA!(��GU�B��H!�G)���/20(B�G�$�!� 
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 �-D()#�0�A!�6oFp�+3K O  #(B3+K�� K0���0( K#$*!�' !C"#$6�2�'�-*/0(�A!� #(G-*A .**)I�A!�C!)�0� !C+$A� CE�!F
00 �3N(.0�.A�(�6A!O  #( �C! D"#$7CY2�B���#�C'3 -! "#$R�Q! D,EB�� 4 .A�( R�Q!0�  DB�� 8 .A�( R�Q!0� 6� D 16 .A�( 

 
Division-Half 

 
Division-4th-8th-16th 

 !C"#$7CY2�+$A��3N(.0�.A�(�6A!O  #(  !C"#$+$A��3N(.�2 +3� +KE.I$- .A�(�6A!O  #( 
 
 +K��P�!)�0� !C+$A� CE�!F00 �3N( 3 .A�( , 5 .A�( -C/0+*�+)A,Q!(�(0)CC �EKE,E6Q!0�A!�BC? �C/20�(��*�(# "#$
 CE�!F7I�B��(!(+K�� K0�6�K0�)!*H!"6�2G-�B�� +K��-!6!�"I.',(M����7LI)J!.)CM #(�0!�0��A!6Q!B*,Y�B��.#�.A�(�UA((#�( 

 
Division-Thirds  

Division-Fifths 

�#�()0( !C"#$ CE�!F+$A��3N( 3 .A�( �#�()0( !C"#$ CE�!F+$A��3N( 5 .A�( 
 

 Division-Irrational 

 !C+$A�,#)4C#.00 �3N(.#�.A�()A!�O �3N(,Q!(�(0)CC �E 
 

��0( K#$B36�2 !C"#$ CE�!F6$R�0( #(-K!�O U#�( �7�*�3t1-!7K!..I7��0-(Y2�P!*�A! �C!.!*!CP"#$ CE�!F 1 +&A( 
6$R�Q! #(B��.'�.4� �27C#��? 

+�A$+C 6�27(.A�(-(Y2�7I� D7/0  CE�!F+&A($!�O (A!,E"#$B��-K!�7C#��0�'A 3CE*!LG(G, D(A!,EPY�-K!�.I$7C#�� +)AP�!74L
��!*!)!*+(�(��  D$0 B���K��A!&I�P(#� B*A�U/20 D7��! CE�!FG K�O */0 (0�A!��UA(  CE�!F A4) *!K0�"#$�' 

7(.A�(G-1A"#$PY� 6 7C#�� D(I2�+K��7C#$! 
(�2�0�6�26Q!G-�*�7(,Q!(�(B*A(�0��U/20�A! -! GU� CE�!F$!�O  D0!,,E"#$6$B��.'�.4�+7A 8 7C#���3N(0�A!�*!  �"C!E7�!*

-(!�0� CE�!F�"I2*+$$6��7'L6�KE 2 �6A!B3�C/20�O 
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Britney_Gallivan 

 
diagram-Paper_Folding 

$CI)(��M + KKI+�( +&(H!"+.�� !C"#$ CE�!FR�Q!O -K!�6$ 
 

 ����3���������1�%�.4��,������� �������*�,� 5 �.2. 2001 
����%����2����3+(*�1-���4�� !���.����$�������)*% 
��
��.�3 ����
��� (Britney Gallivan) �$&����� 6���%�"������� �����%�
���4��7�8.������)% 9
���
�����$���
� ���

�	 �)% ��%&���

'��3�������
������3����"�� �������1%���������)%��
�	,�# (t - thickness) �:�������4�,������� (n 

– number of folds) ����������1%��������*:�
	��.*��%�,�� (L – length) �"�� !�%�"���.4 
 

 
 

���,��
'���.4�"�� ��%
����0���������&��
'�
	�0(� 12 ���4� �������������)*%;
�# (�.*�"����&��&�"��
� 8) %�"�������! 

 

&����$����%�"���-
�2�
��3�.*��.*��1�%�������������������& ���� �����.4�%����'��"�	�,���
��
2������.*������ !��
4�
� !�%�������%�&���'���� 

��
*������� “
����������” %�"���"��# �.*,��
%���$�&����������.4 �������
)%�����"����
%���"�&��,���# ��� �����4��:�
������ (�.*&�"&�����) ��������&��������
)% �%�������.����
*���& ��)*%�#  �.�����.����� 1 � !� 2 � !� 3…�������$��"�
����������4:��������.��&��&�"������ �)% &�"�.*���.���$������� 

 
Paper_Bridge-A  

Paper_Bridge-B 

 
Paper_Bridge-C 

.C�!�Z!(C0�C#$.E"!( �!� CE�!FK�B3 )!*�����-C��1 )#�0�A!�C'3+$$ !C"#$.E"!( CE�!F 
 

�����.4�%�,��" �%��:��������;"���
������� !���"%� � !��%� ��)%� !��' ���%)*�# �����"�
������� �����%����
���.����& …����'

�"��������' ���,��"�.4��������.��&���.*���.�� 

���%����� ��,��.*���"� �������.*���� !�����' ��� (��"� � !��%�) 
����0����4:��������.��&�����%�"�����)%��)*%! 
�.*�)% �������
:���� �������(*�,������
*������1$����,���������
��������4:����� ��"� 
���� � !���� 
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Force_in_Beam_Bridge 

 
Force_in_Arc_Bridge 

.E"!(.A�(KA!�C#$7�!*�7�(�Y� (tension)  
+KE.A�($(C#$7�!*�7�(0#� (compression) 

+C�6�2 CE6Q!)A0.A�()A!�O G(.E"!(C'3%7�� 

 
&KI)H#LuM04).!- CC*$!�0�A!� DB��(Q!+(�7I�+KE�67(I7G( !C"#$ CE�!FB33CE�4 )M �UA( � �!0��+"36#( (Papton) 6�2

*�C'36C��-*/0( CE�!F"#$+KE-(# �"��� 2  I%K C#* -C/0 � �!0���/�--�B��6�2GU��67(I7 !C"#$,�$ (pleating) ��2-�0�vKD RI�KIv 
(FlexiLove) RY2�,#��3N(C'3CA!�)A!�O B��-K!�+$$ +KE(#2�B��)#��+)A 1-16 7( +KEC#$(�Q!-(# B��.'�.4� 1,920  I%K C#* 
 

 
Papton_Chair-1    Papton_Chair-2 

  
FlexibleLove      FlexibleLove-in-Action 

 

� �!0����BR(M,! +$$"#$ CE�!F � �!0���/�-�B���0��vKD RI�KIvGU��67(I7 !C"#$,�$6Q!G-��/�--�B��
�-*/0(-�$�"K�U#  (accordion) 

 
 G(6!� !C+"6�M  D*�043 CLM0�A!��UA( .�)D()M (stent) RY2�GU�PA!�-K0��K/0� 6�2B��C#$3CE%�U(M,! �67(I7 !C"#$ CE�!F
�UA(����� #(  A0( !CGU��!(.�)D()M,EP' -4$� D$G-�*��(!��KD �"/20G-�+"6�M.!*!CP.0�043 CLM(�����!B3G($CI��L6�2)�0� !CB�� 
%���*/20GU��!( D,E !�00 �"/20PA!�-K0��K/0��"/20G-��K/0�B-K����(B��%��.E��  
 

 
Stent-usage    

stent-folded                                                  stent-open 

.�)D()M�LEGU��!( .�)D()M�LE"#$ (R�!�) +KE !�00  (��!) 



File : Math-Eng_in_Origami-Oct_17e.doc 

G(6!�6#J(J!.)CM (optics) �67(I7 !C"#$ CE�!F D*�$6$!6�UA( #( �C/20�(��0!,,Evt��'+3K .# -(A0��A!  !C"#$
 CE�!FB3� �2����0� #$0EBC #$+.� +)AP�!�'+&(H!")A0B3(�� D,E"0���!G,B�� 

G(H!" y)#�0�A!��0�003)I�!*Iz .**)I�A!�C!(Q!+&( CE�!F.!*�-K�2�*��!(-(Y2�.�0A0( .A�(0� ��!(.����* (a) *!"#$7CY2�
)!*+(��!� (b) ,! (#�( D"#$��0( K#$ (reverse fold) .0�7C#�� (c)  D,E"$�A!�.�(�0$�0� CE�!F,E�-*/0( #$�.�(C#�.� (ray) 
�0�+.�6�200 ,! ,4� Q!�(I�+K��.E6�0( CE, .0�7C#���#�C'3 (d) +(�7I��#� KA!�(���C�� �A! 003)I�!*I (optigami) RY2�*!,! 7Q!
�A! 003)I  (optic) + %0CI�!*I (origami) (#2(�0� 

 

 
Optigami-example 

 
Lens-Comparison 

)#�0�A!��0�003)I�!*I (optigami) +&(H!"�3C��$�6��$�.�(6!���I(�0�+.�G(CE$$6#J(J!.)M+$$3 )I (R�!�) 
 #$CE$$6�2GU��67(I7 !C"#$ CE�!F (��!) 

 
�67(I7003)I�!*I.!*!CPGU�G( !CK��(!�7�!*-(!�0�CE$$�K(.M6�2GU� !C%v #.H!"B���#�+.��G(+&(H!"

�3C��$�6��$�.�(6!���I(�0�+.� 6#��(��*� !C3CE�IFZM�K(.M%0CI�!*I (origami lens) %��6�*�IJ� C�0�*-!�I6�!K#�+7KIv0CM�(��6�2
R!(�I�0%  (University of California San Diego) +K�� %��+PK��A!�B3�*/20�#(6�2 30 * C!7* 7.J. 2007 7/0)�(3}(���0� 

 

 
Origami_Lens-light_path  

 
Origami_Lens-elements 

+&(H!"�K(.M%0CI�!*I (origami lens) �K(.M%0CI�!*I 
 
+*�+)AG(0� !J �67(I7 !C"#$ CE�!F D�#�*�$6$!6 �UA( %7C� !C�!��6��*U/20 .�3RvC�vC!��00CM�'(I) (Space Free-

flyer Unit, SPF) �0�1�2345(RY2�GU�"K#��!(,! +.�0!6I)�M �!��6��*���(��$!�7C#���C�� �KA(O �A! %RK!CM�RK (Solar Sail) -C/0�C/0G$
"K#�+.�0!6I)�M 
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G(CE-�A!�6�2�!��6��*P' .A��Y�(B3"C�0* #$,C�� +&��RKKM+.�0!6I))�0�-4$"#$� D$G(UA0�6�200 +$$B�� %�� KB  !C !�
00 B��GU�+$$"#$�0�*I04CE (Miura) +$$"#$(��B��C#$ !C00 +$$0�A!�+�$�K6Q!G-�.!*!CP�Y�-C/0 !�00 B��0�A!��A!��!� 0� 
6#���#�.!*!CPGU� #$.I2�0/2(O �UA( +&(6�2 B���3N(0�A!��� %��6Q!G-�.!*!CP !�-C/0"#$� D$+&(6�2B���A!� %��6�2C0�"#$B*A�#$��I(
�#��UA(+&(6�2%��6#2�B3 
 

 
Space_Flight_Unit 

 
Map_Fold 

�!��6��*.�3RvC�vC!��00CM�'(I) (Space Free-flyer Unit) +&(6�2"#$����+$$"#$*I04CE 
  

 
Miura-Ori-Unfolding 
+$$"#$*I04CE 

 
(�2�3N(�"���)#�0�A!�$!�.A�(6�2+.��G-��-D(PY�7�!*�U/20*%���0�JIK3E !C"#$ CE�!F #$J!.)CM.!�!0/2(O %���~"!E

0�A!��I2�7LI)J!.)CM+KE�IJ� CC* +KE�3N(B3B��0�A!��I2��A! (#$�#(+(�7I�+KE�67(I7G( !C"#$ CE�!F,EB��C#$ !CJY F!G(
+(�KY +KE3CE�4 )MGU�G(�� ��!�*! �I2��Y�(�C/20�O 

.
�/01��23 �	
34�$/3
3456��7893:
44
��	;�<�3==�;>?4@�A4�B</CD=3

34�4�<C4E?��"CF"
34G@�
4�>3� #F1	
93
34HCI3;AJ/?�AKC�"401�	
0�JC
3482�<�> :40�94?3	944"D"�3
4E?>?3C823	L ��	�43��	 �401�	C�M;
26�	;
24E?"4@�  ^__^ 

 

��������
�����	�������� 

         1%����:����"�1�%�'��.*��.*��1�%�����"%& �.4   
• ������������ : http://gotoknow.org/blog/origami 

• ��)*%�1%���
��.�3 ����
��� :  http://en.wikipedia.org/wiki/Mathematics_of_paper_folding  

• ��� ���	��3����
�������������,�����
2����� : http://www.origami-resource-center.com/useful-

origami.html 

• ����%.4�<�$�+
��
< : http://www.flexiblelove.com (�.�
��3& �����
 ,� YouTube) 

• ���
3�%�
���
 : http://www.jacobsschool.ucsd.edu/news/news_releases/release.sfe?id=617 
 


