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@  Toy  of  compound  curved  surfaces. 

  An  elastic  toy  ball  (1)  made  up  of  a  plurality  of  curved 
surfaces,  the  contour  of  which  is  defined  by  four  convex 
spherical  surfaces  (21,  22,  23,  24)  or  four  small  spheres  of 
equal  or  different  radius,  a  plurality  of  concave  curved  sur- 
faces  (3a,  3b,  3c,  3d)  connecting  the  four  convex  spherical 
surfaces  and  six  saddle  portions  (41,  42,  43,  44,  45,  46). 

The  elastic  toy  ball  of  a  peculiar  shape  according  to  the 
present  invention  has  the  various  advantages  as  follows: 

(1)  the  ball  can  be  caught  by  one  hand  of  a  little  children 
because  of  the  presence  of  the  concave  surfaces,  (2)  the  ball 
does  not  roll  on  excessively  because  of  its  peculiar  shape, 
(3)  the  ball  rotates  or  bounds  in  various  directions  at  random 
because  of  its  peculiar  shape,  (4)  the  ball  can  be  used  as 
sport  goods  for  an  old  person  or  as  rehabilitation  apparatus 
for  a  physically-handicapped  person,  (5)  the  ball  can  be 
used  as  building  blocks. 



F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  a  t o y  

made  up  of  c o m p o u n d   c u r v e d   s u r f a c e s   and  more   s p e c i f i c a l l y  

to  an  i r r e g u l a r l y - b o u n d i n g   e l a s t i c   toy   b a l l   made  up  of  a  

p l u r a l i t y   of  c u r v e d   s u r f a c e s   w h i c h   i s   e s p e c i a l l y   s u i t a b l e  

f o r   l i t t l e   c h i l d r e n .  

D e s c r i p t i o n   of  t he   P r i o r   A r t  

The  b a c k g r o u n d   of  t he   p r e s e n t   i n v e n t i o n   w i l l   b e  

e x p l a i n e d   w i t h   r e s p e c t   to  i t s   a p p l i c a t i o n   to  a  toy   b a l l  

u s u a l l y   u s e d   f o r   l i t t l e   c h i l d r e n .  

As  is   w e l l - k n o w n ,   t h e r e   a r e   v a r i o u s   s p h e r i c a l   o r  

o v a l   ( R u g b y )   toy   b a l l s   w i t h   w h i c h   l i t t l e   c h i l d r e n   can   p l a y .  

T h e s e   toy   b a l l s   a r e   u s u a l l y   made  of  f o a m e d   p l a s t i c   r e s i n   o r  

by  b l o w i n g   a i r   i n t o   a  s p h e r i c a l   c a p s u l e   made  of  p o l y v i n y l  

c h l o r i d e ,   so  as  n o t   to  bound   e x c e s s i v e l y   f r o m   t h e  

s t a n d p o i n t   of  s a f e t y .  

H o w e v e r ,   in  t he   c a s e   when  a  l i t t l e   c h i l d   who  c a n  

o n l y   wa lk   on  h a n d s   and  l e g s   p l a y s   w i t h   a  p r i o r - a r t   t o y  

b a l l ,   s i n c e   h i s   hand   is  s m a l l   and  a d d i t i o n a l l y   t he   b a l l   i s  

s p h e r i c a l   or  o v a l   in  s h a p e ,   t h e r e   e x i s t   some  s h o r t c o m i n g s  

as  f o l l o w s :  

(1)  When  a  l i t t l e   c h i l d   c a t c h e s   t h e   b a l l   by  o n e  

hand   or  b o t h   h a n d s   and  t h e n   h o l d s   i t   on  h i s   b r e a s t ,   t h e  

b a l l   e a s i l y   b o u n d s   o u t   of  h i s   h a n d s   or  h i s   b r e a s t ,   d r o p p i n g  



-on to   the   g r o u n d .  

(2)  E s p e c i a l l y   when  he  t r i e s   to  t h r o w   the   b a l l ,  

he  m u s t   f i r s t   r a i s e   h i s   h a n d s   b y  w h i c h   t h e   b a l l   i s   c a u g h t  

b e f o r e   t h r o w i n g   i t .   H o w e v e r ,   s i n c e   he  c a n n o t   h o l d   t he   b a l l  

s e c u r e l y ,   he  t e n d s   to  d r o p   i t   s o o n .  

(3)  The  b a l l   e a s i l y   r o l l s   on  to  a  f a r   d i s t a n c e  

and  t h e r e f o r e   he  l o s t s   s i g h t   of  t h e   b a l l .   As  a  r e s u l t ,   h e  

l o s t s   h i s   i n t e r e s t   in  p l a y i n g   w i t h   t h e   b a l l .  

(4)  S i n c e   t he   r o t a t i n g   m o t i o n   of  t h e   b a l l   i s  

s i m p l e ,   he  g e t s   s o o n   t i r e d   of  p l a y i n g   w i t h   t he   b a l l .  

SUMMARY  OF  THE  INVENTION 

W i t h   t h e s e   p r o b l e m s   in  m i n d ,   t h e r e f o r e ,   i t   is  t h e  

p r i m a r y   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

e l a s t i c   t oy   b a l l   of  a  p e c u l i a r   s h a p e   h a v i n g   t he   f o l l o w i n g  

a d v a n t a g e s :  

(1)  S i n c e   t he   t oy   b a l l   i s   made  up  of  a  p l u r a l i t y  

of   c o n c a v e   c u r v e d   s u r f a c e s ,   a  l i t t l e   c h i l d   can   e a s i l y   c a t c h  

i t   by  one  hand   or  h o l d   i t   on  h i s   b r e a s t   s e c u r e l y .  

(2)  S i n c e   t he   s h a p e   is   n o t   s i m p l y   s p h e r i c a l   o r  

o v a l   and  t h e r e f o r e   t he   b a l l   d o e s   n o t   r o l l   on  to  a  f a r  

d i s t a n c e ,   a  l i t t l e   c h i l d   can   p i c k   up  i t   s oon   w i t h o u t  

l o s t i n g   s i g h t   of  t h e   b a l l .  

(3)  S i n c e   t h e   t oy   b a l l   r o t a t e s   or  b o u n d s   i n  

v a r i o u s   d i r e c t i o n s   a t   r a n d o m ,   the   r o t a t i n g   m o t i o n   of  t h e  

b a l l   is   i n t e r e s t i n g   to  a  l i t t l e   c h i l d .  

(4)  When  t he   e l a s t i c i t y   and  the   s i z e   of  t he   b a l l  

a r e   a p p r o p r i a t e l y   d e s i g n e d ,   t he   t oy   b a l l   can   a l s o   be  u s e d  



.when  a  g r o w n - u p   p e r s o n   or  an  o l d   p e r s o n   t a k e s   e x e r c i s e   o r  

when  a  p h y s i c a l l y - h a n d i c a p p e d   p e r s o n   i s   r e h a b i l i t a t e d .  

(5)  When  a  p l u r a l i t y  o f   toy   b a l l s   a r e   p i l e d   u p  

one  a f t e r   a n o t h e r ,   i t   is   p o s s i b l e   to  use   t h e s e   b a l l s   a s  

b u i l d i n g   b l o c k s .  

To  a c h i e v e   t he   a b o v e - m e n t i o n e d   o b j e c t ,   t h e  

e l a s t i c   t oy   b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s   a c c o r d i n g   t o  

t he   p r e s e n t   i n v e n t i o n   has   a  p e c u l i a r   s h a p e   t he   c o n t o u r   o f  

w h i c h   c o m p r i s e s   a t   l e a s t   f o u r   c o n v e x   s p h e r i c a l   s u r f a c e s  

d e f i n e d   as  t h e   p o r t i o n s   of  t he   s u r f a c e s   of  a t   l e a s t   f o u r  

s p h e r e s ,   t h e   c e n t e r s   of  w h i c h   a r e   d i s p o s e d   a t   p o i n t s   a r o u n d  

a  c e n t e r   of  t h e   toy   b a l l ,   and  a  p l u r a l i t y   of  c o n c a v e   c u r v e d  

s u r f a c e s   c o n n e c t i n g   t he   a t   l e a s t   f o u r   c o n v e x   s p h e r i c a l  

s u r f a c e s .   In  t he   m o s t   s t a n d a r d   s h a p e ,   t h e   c o n t o u r   of  t h e  

e l a s t i c   t oy   b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s   c o m p r i s e s   f o u r  

c o n v e x   s p h e r i c a l   s u r f a c e s   d e f i n e d   as  t he   p o r t i o n s   of  t h e  

s u r f a c e s   of  f o u r   f i r s t   s p h e r e s   of  e q u a l   r a d i u s ,   t h e   c e n t e r s  

of  w h i c h   d e f i n e   a  r e g u l a r   t e t r a h e d r o n ,   and  a  p l u r a l i t y   o f  

c o n c a v e   s p h e r i c a l   s u r f a c e s   c o n n e c t i n g   t h e   f o u r   c o n v e x  

s p h e r i c a l   s u r f a c e s   and  d e f i n e d   by  t r a c e   of  t h e   p o r t i o n   o f  

t he   s u r f a c e   of  a  s e c o n d   s p h e r e ,   t he   r a d i u s   of  w h i c h   i s  

t w i c e   or  more   g r e a t e r   t h a n   t h a t   of  t h e   f i r s t   s p h e r e ,  

b e t w e e n   p o i n t s   t a n g e n t   to  t he   f i r s t   s p h e r e s ,   when  t h e  

s e c o n d   s p h e r e   i s   r o t a t e d   a b o u t   t he   f i r s t   s p h e r e s   w h i l e  

r e m a i n i n g   t a n g e n t   to  a t   l e a s t   any  two  of  t h e   f o u r   f i r s t  

s p h e r e s .  



B R I E F   DESCRIPTION  OF  THE  DRAWINGS 

The  f e a t u r e s   and  a d v a n t a g e s   of  t he   e l a s t i c   t o y  

b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   w i l l   be  more   c l e a r l y   a p p r e c i a t e d   f rom  t h e  

f o l l o w i n g   d e s c r i p t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t s   of  t h e  

i n v e n t i o n   t a k e n   - i n   c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h   l i k e   r e f e r e n c e   n u m e r a l s   d e s i g n a t e   t h e  

same  or  s i m i l a r   e l e m e n t s   or  s e c t i o n s   t h r o u g h o u t   t he   f i g u r e s  

t h e r e o f   and  in  w h i c h ;  

F i g .   1(A)  i s   a  p e r s p e c t i v e   v i e w   of  an  e x e m p l a r y  

e m b o d i m e n t   of  t h e   e l a s t i c   toy   b a l l   of  c o m p o u n d   c u r v e d  

s u r f a c e s   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   1 (B)   i s   a  p e r s p e c t i v e   v i e w   of  a  r e g u l a r  

t e t r a h e d r o n   f o r   a s s i s t a n c e   in  e x p l a i n i n g   t he   s h a p e   of  t h e  

e l a s t i c   toy   b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   l ( C )   i s   a  p e r s p e c t i v e   v i ew   of  a  f o u r   s p h e r e s  

a r r a n g e d   a t   f o u r   a p e x e s   of  a  r e g u l a r   t e t r a h e d r o n   shown  i n  

F i g .   l ( B )   f o r   a s s i s t a n c e   in  e x p l a i n i n g   t h e   s h a p e   of  t h e  

e l a s t i c   t oy   b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2(A)  i s   a  p e r s p e c t i v e   v i e w   of  a  f i r s t  

e m b o d i m e n t   of  t h e   e l a s t i c   t oy   b a l l   of  c o m p o u n d   c u r v e d  

s u r f a c e s   a c c o r d i n g  t o   t he   p r e s e n t   i n v e n t i o n ,   in  w h i c h   f o u r  

s p h e r e s   a r e   m u t u a l l y   t a n g e n t   to  e a c h   o t h e r ;  

F i g .   2 (B)   i s   a  t o p   v i e w   of  t he   f i r s t   e m b o d i m e n t  

of   t h e   e l a s t i c   toy   b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   shown  in  F i g .   2 ( A ) ;  



F i g .   2(C)  is   a  top   v i e w ,   p a r t l y   in  s e c t i o n   t a k e n  

a l o n g   the   l i n e   C-C  shown  in  F i g .  2  ( A ) ,   of  t he   f i r s t  

e m b o d i m e n t   of  the   e l a s t i c   toy   b a l l   of  c o m p o u n d   c u r v e d  

s u r f a c e s   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   2(D)  is   a  t op   v i e w ,   p a r t l y   in  s e c t i o n   t a k e n  

a l o n g   t h e   l i n e   C-C  shown  in  F i g .   2 ( A ) ,   of  t he   f i r s t  

e m b o d i m e n t   of  t he   e l a s t i c   toy   b a l l   of  c o m p o u n d   c u r v e d  

s u r f a c e s   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   3(A)  i s   a  p e r s p e c t i v e   v i ew   of  a  s e c o n d  

e m b o d i m e n t   of  t h e   e l a s t i c   t oy   b a l l   of  c o m p o u n d   c u r v e d  

s u r f a c e s   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   in  w h i c h   f o u r  

s p h e r e s   a r e   m u t u a l l y   s e p a r a t e d   f rom  e a c h   o t h e r ;  

F i g .   3(B)  is   a  t op   v i ew  of  t he   s e c o n d   e m b o d i m e n t  

of  t h e   e l a s t i c   t o y   b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s  

a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   shown  in  F i g .   3 ( A ) ;  

F i g .   4(A)  is   a  p e r s p e c t i v e   v i e w   of  a  t h i r d  

e m b o d i m e n t   of  t he   e l a s t i c   toy   b a l l   of  c o m p o u n d   c u r v e d  

s u r f a c e s   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ;   in  w h i c h   f o u r  

s p h e r e s   a r e   m u t u a l l y   o v e r l a p p e d   w i t h   e a c h   o t h e r ;   a n d  

F i g .   4(B)   is  a  top   v i e w   of  t he   t h i r d   e m b o d i m e n t  

of  t he   e l a s t i c   toy   b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s  

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   shown  in  F i g .   4 ( A ) .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  v i ew   of  t he   a b o v e   d e s c r i p t i o n ,   r e f e r e n c e   i s  

now  made  to  a  f i r s t   e m b o d i m e n t   of  an  e l a s t i c   toy   b a l l   m a d e  

up  of  a  p l u r a l i t y   of  c u r v e d   s u r f a c e s   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n .  



F i g .   1(A)  shows   a  p e r s p e c t i v e   v i e w   of  a  f i r s t  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

The  e l a s t i c   toy   b a l l   1  i s   made  up  of  a  p l u r a l i t y  

of  c u r v e d   s u r f a c e s ,   t h a t   i s ,   f o u r   c o n v e x   s p h e r i c a l   p o r t i o n s  

21,   22 ,   23  and  24  of   f o u r   s m a l l   s p h e r e s   of  e q u a l   r a d i u s ,  

f o u r   c o n c a v e   s p h e r i c a l   p o r t i o n s   3a ,   3b,   3c  and  3d  of  f o u r  

l a r g e   s p h e r e s   of  e q u a l   r a d i u s ,   and  s i x   s a d d l e   p o r t i o n s   4 1 ,  

42 ,   43 ,   44,   45  and  46.  The  c e n t e r s   of  t h e   f o u r   s m a l l  

s p h e r e s   d e f i n e   a  r e g u l a r   t e t r a h e d r o n .   The  f o u r   c o n c a v e  

s p h e r i c a l   p o r t i o n s   a r e   d e f i n e d ,   r e s p e c t i v e l y ,   when  one  o f  

t h e   f o u r   l a r g e   s p h e r e s   i s   t a n g e n t   to  t h r e e   of  t he   f o u r  

s m a l l   s p h e r e s .   The  s i x   s a d d l e   p o r t i o n s   a r e   d e f i n e d   by  t h e  

t r a c e   of  t he   p o r t i o n   of  t he   s u r f a c e   of  t h e   l a r g e   s p h e r e ,  

b e t w e e n   p o i n t s   t a n g e n t   to  t h e   s m a l l   s p h e r e s ,   when  t he   l a r g e  

s p h e r e   is   r o t a t e d   a b o u t   t h e   s m a l l   s p h e r e s   w h i l e   r e m a i n i n g  

t a n g e n t   to  two  of  t he   s m a l l   s p h e r e s .  

F u r t h e r ,   t he   e l a s t i c   t oy   b a l l   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   i s   made  of  f o a m e d   p l a s t i c   s u c h   as  f o a m e d  

u r e t h a n e .  

The  s h a p e   of  t h e   e l a s t i c   toy   b a l l   shown  i n  

F i g .   1(A)   i s   d e s c r i b e d   in   more   d e t a i l   h e r e i n b e l o w .  

F i g .   1(B)   shows   a  r e g u l a r   t e t r a h e d r o n   1 0 0 ,   t h e  

a p e x e s   of  w h i c h   a r e   l a b e l e d   O1,  02  and  03 .   In  t he   f i g u r e ,  

t h e   l a b e l s   00  d e n o t e s   a  c e n t e r   of  t he   r e g u l a r   t e t r a h e d r o n  

100  or  t h e   e l a s t i c   toy   b a l l   of  t he   p r e s e n t   i n v e n t i o n .  

F i r s t ,   t h e   r e l a t i o n s h i p   b e t w e e n   t he   s e g m e n t   O1  02  =  L  ( t h e  

s i d e   of  e a c h   t r i a n g u l a r   s u r f a c e   of  t he   t e t r a h e d r o n )   and  t h e  



s e g m e n t   O0  O1  =  l  ( t h e   d i s t a n c e   f rom  the   c e n t e r   to  e a c h  

apex   of  t he   t e t r a h e d r o n )   i s   c a l c u l a t e d ,   b e c a u s e   t h i s  

r e l a t i o n s h i p   is   i m p o r t a n t   in  t h i s   i n v e n t i o n   as  d e s c r i b e d  

l a t e r .  

S i n c e   t h e   s e g m e n t   O1A  can   be  e x p r e s s e d   a s  

f o l l o w s :  

t h e   s e g m e n t   O1B  ( t h e   h e i g h t   of  t h e   t e t r a h e d r o n )   can   b e  

o b t a i n e d   as  f o l l o w s :  

T h e r e f o r e ,   t he   s e g m e n t   O 1 O 0  =  l   c an   be  e x p r e s s e d   by  L :  

To  f o r m   the   f o u r   c o n v e x   s p h e r i c a l   p o r t i o n s   2 1 ,  

22,   23,   and  24,   f o u r   s m a l l   s p h e r e s   2 1 ' ,   2 2 ' ,   23 '   and  24'   o f  

e q u a l   r a d i u s   r  a r e   l o c a t e d   a t   e a c h   a p e x   of  a  r e g u l a r  

t e t r a h e d r o n   1 0 0 ,   as  d e p i c t e d   in  F i g .   1 ( C ) .   In  o t h e r   w o r d s ,  

t h e   c e n t e r s   O1,  02 ,   03  or  04  of  t he   f o u r   s m a l l   s p h e r e s   a r e  

l o c a t e d   an  e q u a l   d i s t a n c e  l   away  f r o m   the   c e n t e r   O0  in  s u c h  

a  way  t h a t   t he   s i x   a n g l e s   s u b t e n d e d   by  t he   s e g m e n t s   O0O1 

and  O0O2,  t h e   s e g m e n t   O0O1  and  O0O3,  t h e   s e g m e n t s   O0O1  a n d  

O0O4,  the   s e g m e n t s   O0O2  and  O0O3,  t he   s e g m e n t s   0002   a n d  



O 0 O 4 ,   and  the   s e g m e n t s   O0O3  and  0004  a r e   a l l   120  d e g r e e s ,  

r e s p e c t i v e l y .  

F u r t h e r ,   t h e   f o u r   s m a l l  s p h e r e s   of  a  s m a l l   r a d i u s  

r  a r e   l o c a t e d   so  as  to  be  t a n g e n t   to  e a c h   o t h e r .  

T h e r e f o r e ,   t he   s e g m e n t   0 1 0 2 ( L )   i s   2r  or  e q u a l   to  t h e  

d i a m e t e r  D   of  t h e   s m a l l   s p h e r e s   and  t h e   r e l a t i o n s h i p  

b e t w e e n   t he   s e g m e n t   O1O2(L)   and  t he   s e g m e n t   O 0 O 1 ( l )   can   b e  

e x p r e s s e d   as  f o l l o w s :  

As  d e p i c t e d   in  F i g .   1 ( C ) ,   i t   i s   a l s o   p o s s i b l e   t o  

c o n s i d e r   t h a t   t h e   f o u r   s m a l l   s p h e r e s   2 1 ' ,   2 2 ' ,   23'   and  2 4 '  

of  a  s m a l l   r a d i u s   r  a r e   l o c a t e d   so  as  to  be  t a n g e n t  t o   e a c h  

t r i a n g u l a r   s u r f a c e   of  a  l a r g e r   t e t r a h e d r o n   2 0 0 ,   and  t h e  

f o u r   c o n v e x   s p h e r i c a l   p o r t i o n s   21,   22 ,   23,   and  24  a r e   t h e  

p o r t i o n s   of  t he   s u r f a c e s   of  f o u r   s m a l l   s p h e r e s   2 1 ' ,   2 2 ' ,  

23 '   and  2 4 ' ,   w h i c h   a r e   e n c l o s e d   by  e a c h   apex   p o r t i o n   of  t h e  

l a r g e r   t e t r a h e d r o n   2 0 0 .  

To  f a c i l i t a t e   t h e   u n d e r s t a n d i n g   of  t h e  

c o m p l i c a t e d   c o n t o u r s   of  t he   e l a s t i c   toy   b a l l   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ,   e a c h   p o r t i o n   of  t he   c o m p o u n d   c u r v e d  

s u r f a c e s   a r e   e x p l a i n e d   h e r e i n a f t e r   in  c o n j u n c t i o n   w i t h   t h e  

r e g u l a r   t e t r a h e d r o n   1 0 0 .  

In  F i g .   1 ( C ) ,   t h e   n u m e r a l   1  d e n o t e s   t he   f i r s t  

e d g e   s e g m e n t   0103   of  t he   s m a l l   r e g u l a r   t e t r a h e d r o n   1 0 0 ;   t h e  

n u m e r a l   2  d e n o t e s   t he   s e c o n d   edge   s e g m e n t   0102   t h e r e o f ;   t h e  



n u m e r a l   3  d e n o t e s   t he   t h i r d   edge   s e g m e n t   O1O4  t h e r e o f ;   t h e  

n u m e r a l   4  d e n o t e s   t he   f o u r t h   edge   s e g m e n t   0204   t h e r e o f ;   t h e  

n u m e r a l   5  d e n o t e s   t he   f i f t h   edge   s e g m e n t   0304   t h e r e o f ;   t h e  

n u m e r a l   6  d e n o t e s   t he   s i x t h   edge   s e g m e n t   0203   t h e r e o f .  

F u r t h e r ,   t he   l a b e l  a   d e n o t e s   t he   f i r s t   t r i a n g u l a r  

s u r f a c e   of  t he   r e g u l a r   t e t r a h e d r o n   100  d e f i n e d   by  t h r e e  

edge   s e g m e n t s   1,  3  and  5;  t he   l a b e l   b  d e n o t e s   t he   s e c o n d  

t r i a n g u l a r   s u r f a c e   d e f i n e d   by  t h r e e   s e g m e n t s   1,  2  and  6 ;  

t h e   l a b e l   c  d e n o t e s   t he   t h i r d   t r i a n g u l a r   s u r f a c e   d e f i n e d   b y  

t h r e e   s e g m e n t s   2,  3  and  4;  t he   l a b e l  d   d e n o t e s   t h e   f o u r t h  

t r i a n g u l a r   s u r f a c e   d e f i n e d   by  t h r e e   s e g m e n t s   4,  5  and  6 .  

T h e r e f o r e ,   w i t h   r e f e r e n c e   to  F i g .   1(A)  a n d  

F i g .   1 ( C ) ,   the   f i r s t   c o n c a v e   s p h e r i c a l   p o r t i o n   3 a  

c o r r e s p o n d s   to  t h e   f i r s t   t r i a n g u l a r   s u r f a c e   a  of  t h e  

r e g u l a r   t e t r a h e d r o n   100;   t he   s e c o n d   c o n c a v e   s p h e r i c a l  

p o r t i o n   3b  c o r r e s p o n d s   to  t he   s e c o n d   t r i a n g u l a r   s u r f a c e   b  

of  the   r e g u l a r   t e t r a h e d r o n   1 0 0 ;   t h e   t h i r d   c o n c a v e   s p h e r i c a l  

p o r t i o n   3c  c o r r e s p o n d s   the   t h i r d   t r i a n g u l a r   s u r f a c e  c   o f  

t h e   r e g u l a r   t e t r a h e d r o n   100 ;   t he   f o u r t h   c o n c a v e   s p h e r i c a l  

p o r t i o n   3d  c o r r e s p o n d s   the   f o u r t h   t r i a n g u l a r   s u r f a c e  d   o f  

t h e   r e g u l a r   t e t r a h e d r o n   1 0 0 .  

F u r t h e r ,   t he   f i r s t   s a d d l e   p o r t i o n   41  c o r r e s p o n d s  

to  t he   f i r s t   edge   s e g m e n t   1  of  t he   r e g u l a r   t e t r a h e d r o n   1 0 0 ;  

t he   s e c o n d   s a d d l e   p o r t i o n   42  c o r r e s p o n d s   to  the   s e c o n d   e d g e  

s e g m e n t   2  of  the   r e g u l a r   t e t r a h e d r o n   100 ;   t h e   t h i r d   s a d d l e  

p o r t i o n   43  c o r r e s p o n d s   to  the   t h i r d   e d g e   s e g m e n t   3  of  t h e  

r e g u l a r   t e t r a h e d r o n   100 ;   the   f o u r t h   s a d d l e   p o r t i o n   4 4  



- c o r r e s p o n d s   to  t h e   f o u r t h   edge   s e g m e n t   4  of  t he   r e g u l a r  

t e t r a h e d r o n   100 ;   t h e   f i f t h   s a d d l e   p o r t i o n   45  c o r r e s p o n d s   t o  

t h e   f i f t h   e d g e   s e g m e n t   5  of  t h e   r e g u l a r   t e t r a h e d r o n   1 0 0 ;  

t h e   s i x   s a d d l e   p o r t i o n   46  c o r r e s p o n d s   to  the   s i x t h   e d g e  

s e g m e n t   6  of  t h e   r e g u l a r   t e t r a h e d r o n   1 0 0 .  

W i t h   r e f e r e n c e   to  F i g .   1(A)  and  F i g s .   2(A)  a n d  

( B ) ,   t h e   f o u r   c o n c a v e   s p h e r i c a l   p o r t i o n s   3a ,   3b,   3c  and  3 d  

a r e   d e f i n e d   as  f o l l o w s :  

The  f i r s t   c o n c a v e   s p h e r i c a l   p o r t i o n   3a  is   d e f i n e d  

as  t h e   p o r t i o n   of  t he   s u r f a c e   of  a  l a r g e   s p h e r e   31 ,   t h e  

r a d i u s   R  of  w h i c h   i s   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  o f  

t h e   s m a l l   s p h e r e   2 1 ' ,   when  t he   l a r g e   s p h e r e   31  i s   l o c a t e d  

so  as  to  be  t a n g e n t   to  t he   t h r e e   s m a l l   s p h e r e s   2 1 ' ,   23'   a n d  

24 '   a t   t h r e e   p o i n t s ,   r e s p e c t i v e l y ,   a t   t he   same  t i m e .  

The  s e c o n d   c o n c a v e   s p h e r i c a l   p o r t i o n   3b  i s  

d e f i n e d   as  t he   p o r t i o n   of  t h e   s u r f a c e   of  a  l a r g e   s p h e r e   3 1 ,  

t h e   r a d i u s   R  of  w h i c h   i s   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  

of   t h e   s m a l l   s p h e r e   2 1 ' ,   when  t he   l a r g e   s p h e r e   31  i s  

l o c a t e d   so  as  to  be  t a n g e n t   to  t he   t h r e e   s m a l l   s p h e r e s   2 1 ' ,  

22 '   and  23 '   a t   t h r e e   p o i n t s ,   r e s p e c t i v e l y ,   a t   t h e   s a m e  

t i m e .  

The  t h i r d   c o n c a v e   s p h e r i c a l   p o r t i o n   3c  i s   d e f i n e d  

as  t h e   p o r t i o n   of  t he   s u r f a c e   of  a  l a r g e   s p h e r e   31,   t h e  

r a d i u s   R  of  w h i c h   is   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  o f  

t he   s m a l l   s p h e r e   2 1 ' ,   when  t h e   l a r g e   s p h e r e   31  i s   l o c a t e d  

so  as  to  be  t a n g e n t   to  t he   t h r e e   s m a l l   s p h e r e s   2 1 ' ,   22'   a n d  

24 '   a t   t h r e e   p o i n t s ,   r e s p e c t i v e l y ,   a t   t he   same  t i m e .  



The  f o u r t h   c o n c a v e   s p h e r i c a l   p o r t i o n   3d  i s  

d e f i n e d   as  t he   p o r t i o n   of  t he   s u r f a c e   of  a  l a r g e   s p h e r e   3 3 ,  

t he   r a d i u s   R  of  w h i c h   is  t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  

of  t he   s m a l l   s p h e r e   2 1 ' ,   when  the   l a r g e   s p h e r e   31  i s  

l o c a t e d   so  as  to  be  t a n g e n t   to  t he   t h r e e   s m a l l   s p h e r e s   2 2 ' ,  

23 '   and  24 '   a t   t h r e e   p o i n t s ,   r e s p e c t i v e l y ,   a t   t he   s a m e  

t i m e .  

In  s u m m a r y ,   f o u r   c o n c a v e   s p h e r i c a l   p o r t i o n   3 a ,  

3b ,   3c  and  3d  a r e   d e f i n e d   as  t h e   p o r t i o n   of  t he   s u r f a c e   of  a  

l a r g e   s p h e r e   l o c a t e d   so  as  to  be  t a n g e n t   to  t h r e e   s p h e r e s  

c o r r e s p o n d i n g   to  f o u r   t r i a n g u l a r   s u r f a c e s   of  t he   r e g u l a r  

t e t r a h e d r o n   1 0 0 ,   r e s p e c t i v e l y ,   a t   t he   same  t i m e .  

In  t he   same  way,   t he   s i x   s a d d l e   p o r t i o n s   41,   4 2 ,  

43 ,   44 ,   45  and  46  a r e   d e f i n e d   as  f o l l o w s :  

The  f i r s t   s a d d l e   p o r t i o n   41  is   d e f i n e d   by  t h e  

t r a c e   of  the   p o r t i o n   of  t he   s u r f a c e   of  a  l a r g e   s p h e r e   3 1 ,  

the   r a d i u s   R  of  w h i c h   is   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  

of   t he   s m a l l   s p h e r e   21'   or  2 3 ' ,   when  t he   l a r g e   s p h e r e   31  i s  

l o c a t e d   so  as  to  be  t a n g e n t   to  t he   two  s m a l l   s p h e r e s   2 1 '  

and  23 '   a t   two  p o i n t s ,   r e s p e c t i v e l y ,   and  t h e n   r o t a t e d   a b o u t  

t he   f i r s t   s m a l l   s p h e r e   21 '   or  23 '   w h i l e   r e m a i n i n g   t a n g e n t  

to  t he   two  p o i n t s .  

The  s e c o n d   s a d d l e   p o r t i o n   42  i s   d e f i n e d   by  t h e  

t r a c e   of  t he   p o r t i o n   of  t he   s u r f a c e   of  a  l a r g e   s p h e r e   3 1 ,  

t he   r a d i u s   R  of  w h i c h   is   t w i c e   or  more   g r e a t e r   t h a n   t h a t _ r  

of  t h e   s m a l l   s p h e r e   21'   or  2 2 ' ,   when  t he   l a r g e   s p h e r e   31  i s  

l o c a t e d   so  as  to  be  t a n g e n t   to  t he   two  s m a l l   s p h e r e s   2 1 '  



-and  22 '   a t   two  p o i n t s ,   r e s p e c t i v e l y ,   and  t h e n   r o t a t e d   a b o u t  

t h e   f i r s t   s m a l l   s p h e r e   21'   or  22'   w h i l e   r e m a i n i n g   t a n g e n t  

to  t h e   two  p o i n t s .  

The  t h i r d   s a d d l e   p o r t i o n   43  i s   d e f i n e d   by  t h e  

t r a c e   of  t h e   p o r t i o n   of  t h e   s u r f a c e   of  a  l a r g e   s p h e r e   3 1 ,  

t h e   r a d i u s   of  w h i c h   is   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  o f  

t he   s m a l l   s p h e r e   21 '   or  2 4 ' ,   when  t h e   l a r g e   s p h e r e   31  i s  

l o c a t e d   so  as  to  be  t a n g e n t   to  t he   two  s m a l l   s p h e r e s   2 1 '  

and  24 '   a t   two  p o i n t s ,   r e s p e c t i v e l y ,   and  t h e n   r o t a t e d   a b o u t  

t h e   f i r s t   s p h e r e   21 '   or  24 '   w h i l e   r e m a i n i n g   t a n g e n t   to  t h e  

two  p o i n t s .  

The  f o u r t h   s a d d l e   p o r t i o n   44  i s   d e f i n e d   by  t h e  

t r a c e   of  t h e   p o r t i o n   of  t he   s u r f a c e   of  a  l a r g e   s p h e r e ,   t h e  

r a d i u s   of  w h i c h   is   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  of  t h e  

s m a l l   s p h e r e   22 '   or  2 4 ' ,   when  t he   l a r g e   s p h e r e   i s   l o c a t e d  

so  as  to  be  t a n g e n t   to  t he   two  s m a l l   s p h e r e s   22 '   and  24'   a t  

two  p o i n t s ,   r e s p e c t i v e l y ,   and  t h e n   r o t a t e d   a b o u t   t h e   s e c o n d  

s p h e r e   22 '   or  24'   w h i l e   r e m a i n i n g   t a n g e n t   to  t h e   t w o  

p o i n t s .  

The  f i f t h   s a d d l e   p o r t i o n   45  i s   d e f i n e d   by  t h e  

t r a c e   of  t h e   p o r t i o n   of  t h e   s u r f a c e   of  a  l a r g e   s p h e r e ,   t h e  

r a d i u s   R  of  w h i c h   i s   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  o f  

t h e   s m a l l   s p h e r e   23 '   or  2 4 ' ,   when  t h e   l a r g e   s p h e r e   i s  

l o c a t e d   so  as  to  be  t a n g e n t   to  t he   two  s m a l l   s p h e r e s   2 3 '  

and  24 '   a t   two  p o i n t s ,   r e s p e c t i v e l y ,   and  t h e n   r o t a t e d   a b o u t  

t h e   s m a l l   s p h e r e   23 '   or  24 '   w h i l e   r e m a i n i n g   t a n g e n t   to  t h e  

two  p o i n t s .  



The  s i x t h   s a d d l e   p o r t i o n   46  i s   d e f i n e d   by  t h e  

t r a c e   of  t he   p o r t i o n   of  t h e   s u r f a c e   of  a  l a r g e   s p h e r e ,   t h e  

r a d i u s   R  of  w h i c h   i s   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  o f  

the   s m a l l   s p h e r e   22 '   or  2 3 ' ,   when  t h e   l a r g e   s p h e r e   i s  

l o c a t e d   so  as  to  be  t a n g e n t   to  t he   two  s m a l l   s p h e r e s   2 2 '  

and  23'   a t   two  p o i n t s ,   r e s p e c t i v e l y ,   and  t h e n   r o t a t e d   a b o u t  

t he   s m a l l   s p h e r e   23 '   or  24'   w h i l e   r e m a i n i n g   t a n g e n t   to  t h e  

two  p o i n t s .  

The  s i x t h   s a d d l e   p o r t i o n   46  i s   d e f i n e d   by  t h e  

t r a c e   of  t h e   p o r t i o n   of  t he   s u r f a c e   of  a  l a r g e   s p h e r e ,   t h e  

r a d i u s   R  of  w h i c h   i s   t w i c e   or  more   g r e a t e r   t h a n   t h a t   r  o f  

t he   s m a l l   s p h e r e   22 '   or  2 3 ' ,   when  t h e   l a r g e   s p h e r e   i s  

l o c a t e d   so  as  to  be  t a n g e n t   to  t he   two  s m a l l   s p h e r e s   2 2 '  

and  23'   a t   two  p o i n t s ,   r e s p e c t i v e l y ,   and  t h e n   r o t a t e d   a b o u t  

t he   s m a l l   s p h e r e s   22 '   or  23'   w h i l e   r e m a i n i n g   t a n g e n t   to  t h e  

two  p o i n t s .  

In  s u m m a r y ,   t he   s i x   s a d d l e   p o r t i o n s   41 ,   42 ,   4 3 ,  

44 ,   45  and  46  a r e   d e f i n e d   by  t he   t r a c e   of  t h e   p o r t i o n   of  t h e  

s u r f a c e   of  a  l a r g e   s p h e r e ,   b e t w e e n   p o i n t s   t a n g e n t   to  t h e  

s m a l l   s p h e r e s ,   when  t he   l a r g e   s p h e r e   i s   r o t a t e d   a b o u t   t h e  

s m a l l   s p h e r e s   w h i l e   r e m a i n i n g   t a n g e n t   to  t h e   two  p o i n t s .  

F u r t h e r m o r e ,   t h e   a b o v e - m e n t i o n e d   f o u r   c o n c a v e  

s p h e r i c a l   p o r t i o n s   3a ,   3b,   3c  and  3d  and  t h e   s i x   s a d d l e  

p o r t i o n s   41,   42,   43 ,   44,   45  and  46  can   be  d e f i n e d   a t   t h e  

same  t i m e   as  f o l l o w s :  

In  F i g .   2 ( A ) ,   t h e   l a r g e   s p h e r e ,   t h e   r a d i u s   R  o f  

w h i c h   is   t w i c e   or  more   g r e a t e r   t h a n   the   r a d i u s   r  of  t h e  



- s m a l l   s p h e r e ,   i s   r o t a t e d   a b o u t   t he   f i r s t   s m a l l   s p h e r e   2 1 '  

w h i l e   r e m a i n i n g   t a n g e n t   to  a t   l e a s t   any  two  of  t he   o t h e r  

s m a l l   s p h e r e s   2 2 ' ,   23 '   and  2 4 ' .   In  t h i s   c a s e ,   when  t h e  

l a r g e   s p h e r e   i s   t a n g e n t   to  t he   f i r s t   s m a l l   s p h e r e   211  a n d  

any  one  of   t h e   s m a l l   s p h e r e s   2 2 ' ,   2 3 ' ,  a n d   2 4 ' ,   t h e   s a d d l e  

p o r t i o n s   41 ,   42  and  43  a r e   d e f i n e d ;   when  t he   l a r g e   s p h e r e  

i s   t a n g e n t   to  t h e   f i r s t   s m a l l   s p h e r e   21'   and  any  two  of  t h e  

s m a l l   s p h e r e s   2 2 1 ,   23'   and  2 4 ' ,   t h e   c o n c a v e   s p h e r i c a l  

p o r t i o n s   3a ,   3b  and  3c  a r e   d e f i n e d .  

In  t he   same  way,   t h e   l a r g e   s p h e r e ,   t h e   r a d i u s   R 

of   w h i c h   i s   t w i c e   or  more   g r e a t e r   t h a n   t h e   r a d i u s   r  of  t h e  

s m a l l   s p h e r e   is   r o t a t e d   a b o u t   t he   s e c o n d   s m a l l   s p h e r e   221 

w h i l e   r e m a i n i n g   t a n g e n t   to  a t   l e a s t   any  two  of  t he   o t h e r  

s m a l l   s p h e r e s   2 1 ' ,   23 '   and  2 4 ' .   In  t h i s   c a s e ,   when  t h e  

l a r g e   s p e r e   i s   t a n g e n t   to  t h e   s e c o n d   s m a l l   s p h e r e   22 '   a n d  

any  one  of  t he   s m a l l   s p h e r e s   2 1 ' ,   23'   and  2 4 ' ,   t he   s a d d l e  

p o r t i o n s   42 ,   44  and  46  a r e   d e f i n e d ;   when  t he   l a r g e   s p h e r e  

i s   t a n g e n t   to  t he   s e c o n d   s m a l l   s p h e r e   22 '   and  any  two  o f  

t h e   s m a l l   s p h e r e s   2 1 ' ,   23 '   and  2 4 ' ,   t he   c o n c a v e   s p h e r i c a l  

p o r t i o n s   3b ,   3c ,   and  3d  a r e   d e f i n e d .  

In  t h e   same  way,   t h e   l a r g e   s p h e r e ,   t h e   r a d i u s   R 

of   w h i c h   i s   t w i c e   or   more   g r e a t e r   t h a n   t h e   r a d i u s   r  of  t h e  

s m a l l   s p h e r e ,   i s   r o t a t e d   a b o u t   t he   t h i r d   s m a l l   s p h e r e   2 3 '  

w h i l e   r e m a i n i n g   t a n g e n t   to  a t   l e a s t   any  two  of  t he   o t h e r  

s m a l l   s p h e r e s   2 1 ' ,   22 '   and  2 4 ' .   In  t h i s   c a s e ,   when  t h e  

l a r g e   s p h e r e   i s   t a n g e n t   to  t he   t h i r d   s m a l l   s p h e r e   23'   a n d  

any  one  of  t he   s m a l l   s p h e r e s   2 1 ' ,   22 '   and  24 '   the   s a d d l e  



- p o r t i o n s   41,   45  and  46  a r e   d e f i n e d ;   when  the   l a r g e   s p h e r e  

is   t a n g e n t   to  t he   t h i r d   s m a l l   s p h e r e   23'   and  any  two  of  t h e  

s m a l l   s p h e r e s   2 1 ' ,   22'   and  2 4 ' ,   t he   c o n c a v e   s p h e r i c a l  

p o r t i o n s   3a ,   3b,   and  3d  a r e   d e f i n e d .  

In  t he   same  way,   t he   l a r g e   s p h e r e ,   t he   r a d i u s   R 

of  w h i c h   is  t w i c e   or  more   g r e a t e r   t h a n   t he   r a d i u s   r  of  t h e  

s m a l l   s p h e r e ,   i s   r o t a t e d   a b o u t   t he   f o u r t h   s m a l l   s p h e r e   2 4 '  

w h i l e   r e m a i n i n g   t a n g e n t   to  a t   l e a s t   any  two  of  t he   o t h e r  

s m a l l   s p h e r e s   2 1 ' ,   22 '   and  2 3 ' .   In  t h i s   c a s e ,   when  t h e  

l a r g e   s p h e r e   is   t a n g e n t   to  t he   f o u r t h   s m a l l   s p h e r e   24 '   a n d  

a n y  o n e   of  t he   s m a l l   s p h e r e s   2 1 ' ,   22 '   and  2 3 ' ,   t he   s a d d l e  

p o r t i o n s   43 ,   44 ,   and  45  a r e   d e f i n e d ;   when  t he   l a r g e   s p h e r e  

is   t a n g e n t   to  f o u r t h   s p h e r e   24 '   and  any  two  of  t h e   s m a l l  

s p h e r e s   2 1 ' ,   22'   and  2 3 ' ,   t he   c o n c a v e   s p h e r i c a l   p o r t i o n s  

3a ,   3c  and  3d  a r e   d e f i n e d .  

F u r t h e r ,   F i g .   2(B)   shows   a  t op   v i e w   of  t he   f i r s t  

e m b o d i m e n t   of  t he   e l a s t i c   toy   b a l l   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n ,   by  w h i c h   t h e   f o u r   c o n c a v e   s p h e r i c a l   p o r t i o n s   3 a ,  

3b ,   3c  and  3d  and  t he   s i x   s a d d l e   p o r t i o n s   41,   42,   43,   44,   4 5  

and  46  c o r r e s p o n d i n g   to  t he   f o u r   t r i a n g u l a r   s u r f a c e s   a,  b ,  

c  and  d  and  t h e   s i x   e d g e   s e g m e n t s   1,  2,  3,  4,  5  and  6  of  t h e  

r e g u l a r   t e t r a h e d r o n   1 0 0 ,   r e s p e c t i v e l y ,   may  be  u n d e r s -  

t a n d a b l e   more   c l e a r l y .  

F i g .   2(C)   shows   a  c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   t he   l i n e   C-C  shown  in  F i g .   2 ( A ) ,   in  w h i c h   the   f i r s t ,  

s e c o n d   and  t h i r d   c o n c a v e   s p h e r i c a l   p o r t i o n s   3a ,   3b  and  3 c  

and  t he   f i r s t ,   s e c o n d   and  t h i r d   s a d d l e   p o r t i o n s   41,   42  a n d  



-43  a r e   d e p i c t e d .  

F i g s .   2(D)  shows   a  c r o s s - s e c t i o n a l   v i ew  t a k e n  

a l o n g   t h e   l i n e   D-D  shown  in  F i g .   2 ( A ) ,   in  w h i c h   t he   f i r s t ,  

s e c o n d   and  t h i r d   c o n c a v e   s p h e r i c a l   p o r t i o n s   3a ,   3b  and  3 c  

and  t h e   f i r s t ,   s e c o n d   and  t h i r d   s a d d l e  p o r t i o n   41,   42  a n d  

43  a r e   d e p i c t e d   in  t he   s h a p e   d i f f e r e n t   f rom  t h a t   shown  i n  

F i g .   2 ( C ) .  

F i g .   3(A)  shows   a  s e c o n d   e m b o d i m e n t   of  t h e  

e l a s t i c   t oy   b a l l   made  up  of  a  p l u r a l i t y   of  c u r v e d   s u r f a c e s  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .   In   t h i s   e m b o d i m e n t ,  

t h e   r e l a t i o n s h i p   b e t w e e n   t he   s e g m e n t s   L  ( t h e   s i d e   l e n g t h   o f  

t h e   t r i a n g u l a r   s u r f a c e s   of  a  r e g u l a r   t e t r a h e d r o n )   or  t h e  

s e g m e n t   l  ( t h e   d i s t a n c e   f r o m   t h e   c e n t e r   00  to  t he   c e n t e r s  

of  f o u r   s m a l l   s p h e r e s )   and  t he   r a d i u s   r  of  t h e   s m a l l   s p h e r e  

i s   as  f o l l o w s :  

l  =   2 6 9 L  >  4 6 9 r  o r  L  >  2 r  

T h a t   i s   to  s a y ,   f o u r   s m a l l   s p h e r e s   2 1 ' ,   2 2 ' ,   2 3 '  

and   24 '   a r e   m u t u a l l y   s e p a r a t e d   f r o m   e a c h   o t h e r .  

F i g .   3 (B)   shows   t h e   t o p   v i e w   of  t he   s e c o n d  

e m b o d i m e n t   of  t h e   e l a s t i c   t oy   b a l l   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   shown  in  F i g .   3 ( A ) .  

F i g .   4(A)  shows   a  t h i r d   e m b o d i m e n t   of  t he   e l a s t i c  

t o y   b a l l   made  up  of  a  p l u r a l i t y   of  c u r v e d   s u r f a c e s  

a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n .   In  t he   e m b o d i m e n t ,   t h e  

r e l a t i o n s h i p   b e t w e e n   t he   s e g m e n t   L  ( t h e   s i d e   l e n g t h   of  t h e  



- t r i a n g u l a r   s u r f a c e   of  a  r e g u l a r   t e t r a h e d r o n )   or  t he   s e g m e n t  

t  ( t h e   d i s t a n c e   f rom  the   c e n t e r   O0  to  t he   c e n t e r s   o f  f o u r  

s m a l l   s p h e r e s )   and  the   r a d i u s   r  of  t h e   s m a l l   s p h e r e   is   a s  

f o l l o w s :  

T h a t   i s   to  s a y ,   f o u r   s m a l l   s p h e r e s   2 1 ' ,   2 2 ' ,  2 3 '  

and  24 '   a r e   m u t u a l l y   o v e r l a p p e d   w i t h   e a c h   o t h e r .  

F i g .   4(B)   shows   t h e   t o p   v i e w   of  t he   t h i r d  

e m b o d i m e n t   of  t he   e l a s t i c   toy   b a l l   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n   shown  in  F i g .   4 ( A ) .  

D e s c r i p t i o n   has   been   made  of  t he   c a s e   w h e r e   f o u r  

s p h e r e s   a r e   d i s p o s e d   a t   e a c h   apex   of  a  r e g u l a r   t e t r a h e d r o n  

and  t he   p o r t i o n s   of  t he   s u r f a c e s   of  t h e   f o u r   s p h e r e s   a r e  

c o n n e c t e d   by  a  p l u r a l i t y   of  c o n c a v e   s p h e r i c a l   s u r f a c e s   b y  

way  of  e x a m p l e .  

H o w e v e r ,   w i t h o u t   b e i n g   l i m i t e d   to  t h e   c a s e  

d e s c r i b e d   h e r e i n a b o v e ,   i t   i s   p o s s i b l e   to  embody   t he   e l a s t i c  

t oy   b a l l   of  c o m p o u n d   c u r v e d   s u r f a c e s   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   by  d i s p o s i n g   f i v e   s p h e r e s   a t   e a c h   apex   o f  

a  r e g u l a r   p e n t a h e d r o n ,   s i x   s p h e r e s   a t   e a c h   apex   of  a  

r e g u l a r   h e x a h e d r o n   or  a  p l u r a l i t y   of  s p h e r e s   a t   e a c h   a p e x  

of  p o l y h e d r o n .  

F u r t h e r ,   d e s c r i p t i o n   has   been   made  of  t he   c a s e  

w h e r e   f o u r   s p h e r e s   a r e   d i s p o s e d   a t   e a c h   apex   of  a  r e g u l a r  

t e t r a h e d r o n ;   h o w e v e r ,   i t   is   a l s o   p o s s i b l e   to  embody  t h e  



- e l a s t i c   toy   b a l l   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   b y  

d i s p o s i n g   a  p l u r a l i t y   of  s p h e r e s   a t   e a c h   apex   of  i r r e g u l a r  

p o l y h e d r o n .  

F u r t h e r ,   d e s c r i p t i o n   has   b e e n   made  of  the   c a s e  

w h e r e   f o u r   s p h e r e s   of  e q u a l   r a d i u s   a r e   d i s p o s e d   a t   e a c h  

a p e x   of  a  r e g u l a r   t e t r a h e d r o n ;   h o w e v e r ,   i t   is   a l s o   p o s s i b l e  

to  embody   t h e   e l a s t i c   t o y   b a l l   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n   by  d i s p o s i n g   a  p l u r a l i t y   of  s p h e r e s   of  d i f f e r e n t  

r a d i u s e s   a t   e a c h   a p e x   of  a  r e g u l a r   or  an  i r r e g u l a r  

p o l y h e d r o n .  

F u r t h e r ,   d e s c r i p t i o n   has   b e e n   made  of  t he   c a s e  

w h e r e   t h e   p o r t i o n s   of  t he   s u r f a c e s   of  t h e   f o u r   s p h e r e s   a r e  

c o n n e c t e d   by  a  p l u r a l i t y   of  c o n c a v e   s p h e r i c a l   s u r f a c e s   b y  

way  of  e x a m p l e ;   h o w e v e r ,   i t   i s   a l s o   p o s s i b l e   to  embody   t h e  

e l a s t i c   toy   b a l l   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   b y  

c o n n e c t i n g   t he   s p h e r e s   by  a  p l u r a l i t y   of  n o n - s p h e r i c a l  

c o n c a v e   s u r f a c e s .  

F u r t h e r ,   when  t h e   s p h e r e s   a r e   c o l o r e d   b y  

d i f f e r e n t   c o l o u r s ,   s i n c e   t h e   c o l o r   of  t he   t o y   b a l l   c h a n g e s  

c o n t i n u o u s l y   when  t he   t o y   b a l l   i s   r o t a t i n g ,   a  l i t t l e  

c h i l d r e n   has   an  i n t e r e s t   in  p l a y i n g   w i t h   t h e   toy   b a l l  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

F u r t h e r m o r e ,   when  t h e   s h a p e   and  t h e   e l a s t i c i t y  

a r e   a p p r o p r i a t e ,   i t   i s   p o s s i b l e   to  use   t h i s   toy   b a l l  

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   as  s p o r t   g o o d s   s u i t a b l e  

f o r   an  o l d   p e r s o n   or  as  a  r e h a b i l i t a t i o n   a p p a r a t u s   f o r   a  

p h y s i c a l l y - h a n d i c a p p e d   p e r s o n .  



As  d e s c r i b e d   a b o v e ,   in  t he   e l a s t i c   toy   b a l l   m a d e  

up  of  a  p l u r a l i t y   of  c u r v e d   s u r f a c e s   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n ,   s i n c e   a  p l u r a l i t y   of  s p h e r e s   a r e  

d i s p o s e d   a t   e a c h   apex   of  a  p o l y h e d r o n   and  the   p o r t i o n s   o f  

t he   s u r f a c e s   of  the   s p h e r e s   a r e   c o n n e c t e d   by  a  p l u r a l i t y   o f  

c o n c a v e   s u r f a c e s ,   t h e r e   e x i s t   many  a d v a n t a g e s   as  f o l l o w s :  

(1)  I t s   s h a p e   is   n o t   s i m p l y   s p h e r i c a l   or  o v a l ,  

so  t h a t   a  l i t t l e   c h i l d   can   r e a d i l y   c a t c h   i t   by  one  hand   o r  

h o l d   i t   on  h i s   b r e a s t .  

(2)  I t   d o e s   n o t   r o l l   on  e x c e s s i v e l y   to  a  

d i s t a n c e ,   so  t h a t   a  l i t t l e   c h i l d   d o e s   n o t   l o s t   s i g h t   of  t h e  

b a l l .  

(3)  I t   r o t a t e s   or  b o u n d s   in  v a r i o u s   d i r e c t i o n s  

a t   r a n d o m ,   so  t h a t   a  l i t t l e   c h i l d   has   an  i n t e r e s t -   in  i t s  

c o m p l i c a t e d   m o t i o n .  

(4)  I t s   s i z e   and  e l a s t i c i t y   can   be  c h a n g e d  

f r e e l y ,   so  t h a t   an  o ld   p e r s o n   or  a  p h y s i c a l l y - h a n d i c a p p e d  

p e r s o n   can   use  i t   as  s p o r t   g o o d s   or  r e h a b i l i t a t i o n  

a p p a r a t u s .  

(5)  The  b a l l   can  be  p i l e d   up  one  a f t e r   a n o t h e r ,  

so  t h a t   i t   is   p o s s i b l e   to  use   i t   as  b u i l d i n g   b l o c k s   i n  

a d d i t i o n   to  t he   use  as  a  toy   b a l l .  

I t   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   in  t he   a r t  

t h a t   t h e   f o r e g o i n g   d e s c r i p t i o n   is   in  t e r m s   of  p r e f e r r e d  

e m b o d i m e n t s   of  t he   p r e s e n t   i n v e n t i o n   w h e r e i n   v a r i o u s  

c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  w i t h o u t   d e p a r t i n g  

f r o m   t he   s p i r i t   and  s c o p e   of  t he   i n v e n t i o n ,   as  s e t   f o r t h   i n  

the   a p p e n d e d   c l a i m s .  



1.  A  t oy   of  c o m p o u n d   c u r v e d   s u r f a c e s ,   whose   c o n t o u r  

c o m p r i s e s :  

(a)   a t   l e a s t   f o u r   c o n v e x   s p h e r i c a l   s u r f a c e s  

d e f i n e d   as  t he   p o r t i o n s   of  t he   s u r f a c e s   of  a t   l e a s t   f o u r  

s p h e r e s ,   t h e   c e n t e r s   of  w h i c h   a r e   d i s p o s e d   a t   p o i n t s   a r o u n d  

a  c e n t e r   of  s a i d   t o y ;   a n d  

(b)  a  p l u r a l i t y   of  c o n c a v e   c u r v e d   s u r f a c e s  

c o n n e c t i n g   s a i d   a t   l e a s t   f o u r   c o n v e x   s p h e r i c a l   s u r f a c e s .  

2.  A  t o y   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   t he   r a d i u s e s   of  s a i d   a t   l e a s t   f o u r   s p h e r e s  

a r e   e q u a l   to  e a c h   o t h e r .  

3.  A  t o y   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   t h e   r a d i u s e s   of  s a i d   a t   l e a s t   f o u r   s p h e r e s  

a r e   d i f f e r e n t   f r o m   e a c h   o t h e r .  

4.  A  t o y   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   t he   c e n t e r s   of  s a i d   a t   l e a s t   f o u r   s p h e r e s  

a r e   d i s p o s e d   a t   e a c h   a p e x   of  an  i r r e g u l a r   p o l y h e d r o n .  

5.  A  toy   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   t he   c e n t e r s   of  s a i d   a t   l e a s t   f o u r   s p h e r e s  

a r e   d i s p o s e d   a t   e a c h   apex   of  a  r e g u l a r   p o l y h e d r o n .  

6.  A  toy   of  c o m p o u n d   c u r v e d   s u r f a c e   as  s e t   f o r t h   i n  



- e i t h e r   c l a i m   4  or  5,  w h e r e i n   t h e   p o l y h e d r o n   i s   t e t r a h e d r o n .  

7.  A  toy   of  c o m p o u n d   c u r v e d   s u r f a c e   as  s e t   f o r t h   i n  

e i t h e r   c l a i m   4  or  5,  w h e r e i n   t h e   p o l y h e d r o n   i s   p e n t a h e d r o n .  

8.  A  t oy   of  c o m p o u n d   c u r v e d   s u r f a c e   as  s e t   f o r t h   i n  

e i t h e r   c l a i m   4  or  5,  w h e r e i n   t h e   p o l y h e d r o n   i s   h e x a h e d r o n .  

9.  A  t oy   of  c o m p o u n d   c u r v e d   s u r f a c e   as  s e t   f o r t h   i n  

c l a i m   1,  w h e r e i n   a  p l u r a l i t y   of  s a i d   c o n c a v e   c u r v e d  

s u r f a c e s   a r e   d e f i n e d   as  c o n c a v e   s p h e r i c a l   s u r f a c e s .  

10.   A  t oy   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m  9 ,   w h e r e i n   t h e   r a d i u s   of  t h e   s p h e r e   d e f i n i n g   s a i d  

c o n c a v e   s p h e r i c a l   s u r f a c e s   is   t w i c e   or  more   g r e a t e r   t h a n  

t h a t   of  t he   s p h e r e s   d e f i n i n g   s a i d   a t   l e a s t   f o u r   c o n v e x  

s p h e r i c a l   s u r f a c e s .  

11.   A  toy   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   9,  w h e r e i n   a  p l u r a l i t y   of  s a i d   c o n c a v e   c u r v e d  

s u r f a c e s   a r e   d e f i n e d   as  n o n - s p h e r i c a l   c o n c a v e   s u r f a c e s .  

12.   A  toy   of  c o m p o u n d   c u r v e d   s u r f a c e s ,   w h o s e   c o n t o u r  

c o m p r i s e s :  

(a)   f o u r   c o n v e x   s p h e r i c a l   s u r f a c e s   d e f i n e d   a s  

the   p o r t i o n s   of  t he   s u r f a c e s   of  f o u r   f i r s t   s p h e r e s   of  e q u a l  

r a d i u s ,   t he   c e n t e r s   of  w h i c h   d e f i n e   a  r e g u l a r   t e t r a h e d r o n ,  



a n d  

(b)  a  p l u r a l i t y   of  c o n c a v e   c u r v e d   s u r f a c e s  

c o n n e c t i n g   s a i d   f o u r   c o n v e x   s p h e r i c a l   s u r f a c e s   and  d e f i n e d  

by  t r a c e   of  t he   p o r t i o n   of  t h e   s u r f a c e   of  a  s e c o n d   s p h e r e ,  

b e t w e e n   p o i n t s   t a n g e n t   to  t he   f i r s t   s p h e r e s ,   when  t h e  

s e c o n d   s p h e r e   i s   r o t a t e d   a b o u t   t he   f i r s t   s p h e r e s   w h i l e  

r e m a i n i n g   t a n g e n t   to  a t   l e a s t   any  two  of  t he   f o u r   f i r s t  

s p h e r e s .  

13 .   A  t o y   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   12,   t h e   r a d i u s   of  t he   s e c o n d   s p h e r e   i s   t w i c e   or  m o r e  

g r e a t e r   t h a n   t h a t   of  t h e   f i r s t   s p h e r e .  

14 .   A  t oy   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   12 ,   w h e r e i n   t he   r e l a t i o n s h i p   b e t w e e n   the   d i s t a n c e  

f r o m   the   c e n t e r   of  s a i d   toy   to  e a c h   apex   of  t he   r e g u l a r  

t e t r a h e d r o n   and  t he   r a d i u s  r   of  t he   f o u r   f i r s t   s p h e r e   i s  

l =  4 6 9 r ,   t h a t   i s ,   t he   f o u r   f i r s t   s p h e r e s   a r e   m u t u a l l y  

t a n g e n t   to  e a c h   o t h e r .  

15 .   A  t o y   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   12 ,   w h e r e i n   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   d i s t a n c e  i  

f r o m   t h e   c e n t e r   of  s a i d   toy   to  e a c h   apex   of  t he   r e g u l a r  

t e t r a h e d r o n   and  t h e   r a d i u s   r  of  t he   f o u r   f i r s t   s p h e r e   i s  

l  >   4 6 9 r ,   t h a t   i s ,   t he   f o u r   f i r s t   s p h e r e s   a r e   m u t u a l l y  

s e p a r a t e d   f r o m   e a c h   o t h e r .  



1 6 .   A  t oy   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   12,   w h e r e i n   t he   r e l a t i o n s h i p   b e t w e e n   t he   d i s t a n c e   l  

f r o m   the   c e n t e r   of  t he   t oy   to  e a c h   apex   of  r e g u l a r  

t e t r a h e d r o n   and  the   r a d i u s   r  of  t he   f o u r   f i r s t   s p h e r e   i s  

l  <  4 6 9 r ,   t h a t   i s ,   t h e   f o u r   f i r s t   s p h e r e s   a r e   m u t u a l l y  

o v e r l a p p e d   w i t h   e a c h   o t h e r .  

17.   A  t oy   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   12,   w h e r e i n   s a i d   toy   is   made  of  f o a m e d   p l a s t i c .  

18 .   A  t oy   of  c o m p o u n d   c u r v e d   s u r f a c e s   as  s e t   f o r t h   i n  

c l a i m   17,   w h e r e i n   s a i d   f o a m e d   p l a s t i c   i s   f o a m e d   u r e t h a n e .  
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