
DEMONSTRATIONS
CHAPTER 8

1. $_pqnlaneqqs sJnqrse!_r:r b-reehittg, oi-L and ue-.-er:

Pour  four  par ts  water  and one par t  vegetab le  o i l  in  a
j a r .  S e a l  t h e  1 i d  t i g h t l y ,  a n d  s h a k e  t h e  m i x t u r e  v i g o r o u s l y .
H o w  w o u l d  t h e  m i x t u r e  a p p e a r  t o  a  w a t e r  b u g  s w i m m i n g  i n  t h e
s o l u t  i o r r  j r n m e d i a t e l y  a f t e r  s h a k i n g ' r

L e t  t h e  j a r  s i t  f o r  s e v e r a l  m i n u b e s .  W h a t  h a p p e n s  t o
t ;he  nr ix tu re  i f  i t  i s  und is tu rbed? F Iow wou ld  iL  appear  to  a
waLer  bug now?

2. Spqnlan-eeus svrnmet-r:t breaklng- maAliets :

P lace  a  bar  magnet  on  a  f la t  sur face ,  oover  ib  w i th  a
s h e e t  o f  p a p e r ,  a n d  s p r i n k l e  i r o n  f i l i n g s  o n  t . h e  p a p e r  t r :
o u t l i n e  t h e  m a E l n e t i c  f  i e l d .  T h e n  h e a t  t h e  m a € l n e t  i n  a n  o v e n
or  ho t  water  ba th  (  1O0 degrees  Cent ig rade t ,he  tempera t ;u re
r : f  h r r r i l i n g  w a 1 ; e r  s h o u l d  b e  s u f  f  i c i e n t ) ,  a n d  t r y  t o  o u t l  i n e
t h e  m a g n e t i c  f i e l d  w i t L r  i r o n  f i l i n g s  w h i l e  t h e  m a g n e t  i s
s t i l l  h r : t .  ( { J s e  h o t  p a d s  o r  i n s u l a t e d  g l o v e s  w h e n  t r a n d l i n g
the  magnet ,  t c ;  p ro tec t  your  f ingers .  )  What  has  happenec i  tc r
t h e  f i e l d ?

Let ;  the  magnet  coo l  s lowly  back  to  room tempera ture ,  and
r e p e a t  t h e  a p p l i c a t i o n  o f  i r o n  f i l i n g s .  I s  t h e  m a € : n e t i c
f i e l d  e v i d e n t ?  W h v  ( o r  w h y  n o t ) ?

3 .  Mob ius  s t r i p  t opo logy ,  and  an  ope ra t i on  tha t  reve rses
handedness :

Make a  Mob ius  s t r ip  by  tw is t i r rg  one end o f  a  s t r ip  o f
p a p e r  1 B O  d e g r e e s  t h e n  t a p i n g  t h e  e n d s  t o g e t h e r .  ( A  s t r i p  o f
paper  an  inch  w ide  and ten  inches  lon€ works  we l l .  )



E x p ] r : r e  t h e  p r o p e r t i e s  o f  t h e  M o b i u s  s t r i p :  h o w  m a n y
s u r f a c e s  d o c - s  i t  h a v e ?  ( T r a c e  t h e  s u r f a c e  w i t h  a  p e n c i l  o r
w i b h  y o u r  f i n g e r .  I f  t h e  s t r i p  h a d  t w o  s u r f a c e s ,  y o u  w o u l d
have to  l i f t  your  f inE ier  o f f  one sur face ,  over  an  edge,  Lo
t rans fer  to  i ,he  second sur fa t - -e .  )  How many edges does  t i re
Mob,Lus  s t , r ip  have?

Cut  ou t  a  d ia€ l ram o f  a  r igh t  hand sma- I l  enougfh  to  f i t  on
l - h e  s u r f a c e  o f  t h e  M o b i u s  s t r i p ,  a n d  t r a n s p o r L  i t  a r o u n ( l  t h e
s t r i p  o n e  r e v o l u t i o n  b e i n g  c a r e f u l  t o  m a i . n t a i n  t L r e
o r i e n t a t i o n  o f  t h e  h a n d  r e l a t i v e  t o  t h e  s u r f a c e  o f  l , h e
Mobjus .  What  i s  t ,he  handedness  o f  your  cu tc . ru t  a f te r  one
r e v o l u t i o n ?  A f t e r  t w r :  r e v o l u t i o n s ' i

4.  Qpef,el ieog on mlrxor images-

RotaLe bhe re f  lec t ing  p lane o f  a  har rd -Lre ld  mi r ro r  a round
t - i re  l ine  o f  s igkr t  to  a  d is tan t  ob jec t ,  as  d iag l rammed be low.



How many t imes does  the  image ro ta te  in  one revo lu t ion
of  tk re  mi r ro r ' i

5.  Model of  a gaugq change that mimt,q,S- - tor.e e.

I m a g i n e  a  c a r  o n  a  r a c e  b r a c k  w i t h  t h e  f o l l o v r i n g  u n u s u a l
proper t ies :  th re  car  t rave l  a t  a  cons tan t  speed o f  50  meters
per  ser :ond,  bu t  space a long the  race t rack  is  warped such tha t
rne ter  s t i cks  have d i f  fe ren t  leng l ths  a t  d i  f  f  e ren f  loca t ions  on
the  t rack .  In  the  d iagram bef r :w,  the  space be l ,ween each
succes ;s ive  s t r ipe  across  the  t rack  is  5O nre ters  as  measured
b y  t h e  l o c a l  m e L e r  s l i c k s .

i - low wou ld  the  ( ;a r ' s  r ro t ion  appear  to  a r r  observer  look ing
down f rom 1-he Goodyear  b I imp,  f loa t i -ng  above Lhe t rack?  How
w o u l d  t h e  c a r ' s  p r o g r e s s  a p p e a r  t o  t h e  d r i v e r ,  a s s u m i n g  t f r e
5 0  r n e l - e r  m a r k s  w e r e  h i s  o n l y  a v a i l a b l e  r e f e r e n c e s ?

6. Ilsrce as -a ahrarrge in gau*".

D r a w  a  u n i f r : r m  g r i d  o n  a  s t r e t c h y  r u b b e r  s h e e t ,  t h e n
d i : ; t o r : t  t l r e  s h e e t  w i t h  a  k r e a v y  n a r b l e  o r  b e a r i n g .

E x p l a i n  h o w  t h e  g r i d  m i g h t  s e r v e  a s  a  g e o m e t r i e  m e a s u r e
c ; f  t h e  l o c a l  f o r c e  o f  g r a v i t y .



i i o l l  a  l i gh te r  sphe re  ac ross  the  d i s to r : t ed  su r face ,  anc l
t ime  the  i n te rva l  be tween  g r i d  I i nes  as  the  sphere  p rog resses
a long  i Ls  t ra jec to ry .  (You  m igh t  need  a  l a rge r  E l r i d  and
d is to r t i on ,  as  p r r : v i ded  by  a  bow l ing  ba l l  on  a  l r ampo l i r re .  )
How does the ve loc i ty  of  th is  test  sphere,  as measured by the
loca l  g r i d ,  compare  to  the  sphere ' s  ve lo r : i t y  ro l  I  i ng  ac ros r ;
an  u r rd i s to r ted ,  f  l a t  € l r i d?

H idden elimens_i:lns; :

Draw un i fo rm €r id  l ines  on  a  : ; t , rechy  rubber  sheet  and
s u s p e n d  t h e  s h e e t  l o o s e l y  i . n  a  f r a m e  ( s u c h  a s  a  n e e d l e p o i n l ;
f r a m e ) .  A p p l y  s u c b i o n  a t .  s o m e  p o i n t  o n  t h e  b a c k  o f  t h e
sheet  w i th  the  hr :se  on  a  vacuum r : leaner  o r  the  vacuum pump
for a bel l  jar at- tac.:Lret l  i . ,o a Jzrrge syr irr€le tube.

H o w  d o e s  t k r e  h i d d e n  s u r f a c e  o f  t h e  i n v a g i n a t i o n  a f f e c L
the  g f r id?  Suppose t -here  r+as  a  cons tan t  to ta l  sur face  area
a v a i l a b l e  t o  t h e  v i s i b l e  s h e e t  a n d  L h e  h i d d e n  i n v a g i n a t i o n .
WLra t  wou ld  happen to  tL re  g r id  on  the  v is ib le  sur face  i f  the
h i d d e n  s u r f a c e  i n c r e a s e d ?


