
Symmetries

(sec t ion 1.1)

s t a r t w i t h a n y o b j e c t y o u
l i k e . H o w

m a n y w a y s c a n y o u
manipulate t h e

o b j e c t s o t h a t n o o b s e r v e r c o u l d

n o t i c e w h a t y o u d id?

T h i s i s a symmetry: a n

undetectable mo t i o n o f a n object .



Q : H ow shou ld w e c o n s i d e r t h e object?

I n general, w e ' l l consider objects

l iving i n a t l e a s t 3 dimensional

space.



Symmetries o f Rectangles a n d squa re s

(section 1 . 2 )

s t a r t : a plain r e c t a n g u l a r s h e e t o f pape r

a



Q : How m a n y d i f fe r e n t symmetries

a r e t h e r e f o r t h e piece o f paper?

Let's c o u n t t h em !

1 ) f l ip o n s h o r t s i d e

2 ) f l ip o n long s i d e

3 ) d o nothing (don't m o v e t h e
paper)

4 ) 1800 r o t a t i o n

Convention'. t h e ro t a t i o n s w i l l n o t count

a s d i s t i nc t u p t o a n d a f t e r

3600



Similarly, two flips o n t h e s a m e

s i d e w i l l count a s " d o nothing".

I t s e e m s there a r e 4 symmetries!



W h a t i f t h e pape r i s square?

I



List o f Square Symmetries

T h e squa re has a l l t h e symmetries

o f a rectangle, plus

5 ) r o t a t e by 900

6 ) r o t a t e by 2700

7) flip about a diagonal

8 ) flip a bou t t h e o t h e r

diagonal

8 symmetries, 8 = 2 . 4

= 2 - (number o f sides)



Q : w h a t h appen s w h e n y o u d o o n e symmetry,

followed b y another?

A'. Yo u get a n o t h e r symmetry!

I t cou ld be t h a t repeated

symmetries eventually produce

t h e s a m e symmetries a s

used .



Q : Does t h e o r d e r m a k e a difference?

T o figure o u t t h e a n s w e r , let's

l a b e l .

A - B

- x - -€f-- - -

c D

Let's r o t a t e b y 900, then f l ip

a b o u t × and s e e wh e r e t h e ve r t i c e s

g o ,



Rota te : C - A

¥
F l i p :

D - B

Ha



Let's d o t h i s i n t h e opposite o r d e r :

F l i p : [Dj
A B

Rotate: A - C

U .
B

T h e ver t i ces e n d u p i n d i f fe ren t positions!


