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1. A Very Strange Central Force Law

q | p r o p e r e e w e : 4 ,
o o 2 ) o f t e e 2 +

\ < amd bi .ross & on Th2 bo" ae and oP

? ld
V r h t ( + e ) on Ke r igT h e s e .f g must b e e g u e l 4 y3 Rapes b i n L, so wat f e n

e r e s s = 4 - 5 V o l t a n d l Y r i g h t = a - €B e e f f

quand f o f m o t *Ow _( 1 ) T h e A b o M , ] (S P r e p L o d h u across = Z E U S )

o o m p o n e n t yn t h e p o r t e d | r e c h o n Qa L f

Jove.[ e f t Cocthte

N y T h e S Q M y e r b e l 2% ebona l Ae e b b
Se the vector [ w h e h i's f oe sum o f Hasse /¢ Pry hoa b

a l l li d e *J Z reclhos,p f
? I a n d Si p o r t f e

Veeross a = V e l 4 V i e l ? g u e . s t o r

( < ? A t f o w e n r i g h t L e n g t h a t b w e r |l o l l b e s

A - e= ) " ~ } V e e t ?
J

|y e " Vr l t r za eS e v l ) Leng4 h a1 |wer nich dives
J EKew A E y , py S E V saea Veel+

STRANLE FORCE A a K a t i s i s < ~sane 4 s e e e e e bi Moses, 1 m e n a
/ o? C i e



2 | PS04-Solution.nb

2. Rad i i o f C u r v a t u r e ? N e w t o n ' s C o n s t r u c t i o n I n v o l v i n g C h o r d s

(a) Below is a table showing the x-value, the slope of the chord leading to that x-value, and the place on

the y-axis where the perpendicular to the chord intersects it.

wit - t w o A P e r p e n d i c u l a r[ x _ ] t= - x / ( - S q r t [ 1 - x ? ] +1)

nha}. MateixForm[
Tab l e [ { x , twoAPerpendicutar( [x] , - x t w o A P e r p e n d i c u l a r[ x ] + ( - S q r t [ 2 - x?) + 1 ) } ,

{ x , DeleteCases(Range[-0.5, 0 .5 , 0 . 1 ] , 6 . 0 ] } ] ]
Ou t l 12 j - /Ma tuxFo rm=

- 9 . 5 3 . 7 3 2 0 5 2 .
- 9 . 4 4 . 7 9 1 2 9 2 .
-@ . 3 6 . 5 1 3 1 3 2 .
- 9 0 . 2 9 . 8 9 8 9 8 2 .

- @ . 1 1 9 . 9 4 9 9 2 .
8 . 1 - 1 9 . 9 4 9 9 2 .
@.2 - 9 . 8 9 8 9 8 2 .
6 . 3 - 6 . 5 1 3 1 3 2 .
0 . 4 - 4 . 7 9 1 2 9 2 .

@.5 - 3 . 7 3 2 0 5 2 .

On t h e next page, I have plot ted these results. Notice that f o r the circle, all the po in ts go t o exactly the

same place. This is a proper ty of the circle, n o t o f o ther curves t ha t are close t o circular.
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mf f= P l o t [ - S q r t [ 1 - x ? ]# 1 , { x , - 2 , 1 } ,

P l o t R a n g e» { { - 1 , 1 } , { - 0 . 5 , 2 . 5 } } , A s p e c t R a t i o + 3 / 2 ,

G r i d L i n e s+ { R a n g e [ - 1 , 1 , 0 . 1 ] , R a n g e [ - 0 . 5 , 2 . 5 , 0 . 1 ] } , F r ame + T r u e ]

Outf Jz

2 5 7 t r
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(b) Below is a tab le show ing the x-value, the s lope o f the chord leading t o t ha t x-value, and the place on

t h e y-axis where t h e perpend icu la r t o the chord intersects it.

s t t w o BP e r p e n d i c u l a r [ x _ ] := - x / (5 x * )

w i t : M a t r i x F o r m [ T a b l e [ { x , t w o B P e r p e n d i c u l a r [ x ] , - x t w o B P e r p e n d i c u l a r[ x ] + (5 x * ) } ,

{ x , D e l e t e C a s e s [ R a n g e [ - 1 , 1 , 9 . 1 ] , 0 . 0 ] } ] ]

Ou ro } : Mate orm

- l 1 . 0 . 2 § . 2

@ . 2 7 4 3 4 8 3 . 5 2 7 4 1

@ . 3 9 0 6 2 5 2 . 3 6 0 5

0 . 5 8 3 0 9 1 . 6 0 8 6 6

0 . 9 2 5 9 2 6 1 . 2 0 3 5 6

1 . 6 1 . 1 1 2 5

3 . 1 2 5 1 . 3 7 8

7 . 4 0 7 4 1 2 . 2 6 2 7 2

2 5 , 5 . 0 0 8

2 0 0 . 2 0 . 0 0 0 5

- 2 0 0 . 2 0 . 0 0 0 5

- 2 5 . 5 . 0 0 8

- 7 . 4 0 7 4 1 2 . 2 6 2 7 2

- 3 . 1 2 5 1 . 3 7 8

- 1 . 6 1 . 1 1 2 5

- 0 . 9 2 5 9 2 6 1 . 2 0 3 5 6

- 0 . 5 8 3 0 9 1 . 6 0 8 6 6

~ 0 . 3 9 0 6 2 5 2 . 3 6 0 5

- 0 . 2 7 4 3 4 8 3 . 5 2 7 4 1

~ -@ . 2 5 . 2

On the nex t page, I have plot ted these results. Notice that f o r the quart ic , there isn?t convergence! The

or ig in is a po in t on th is curve w i t h zero curvature.



: i L ?
a b e i o n e 4 &Phe 3 Mee L e PS04-Solution.nb
W e o r PEPhe aid -

a h \ 6 ©

: P l o t [ 5 x * , ( x , - 1 , 1 } ; P l o t r a n g e + |¢ { - > 1 } , [ - 0 . 5 , 2 . 5 } } , A s p e c t R a t i o ~ » 3 / 2 ,
i

G r i d L i n e s+ { R a n g e [ - 1 , 1 , 0 . 1 ] , R a n g e [ - @ . 5 , 2 . 5 , 0 . 1 ] } , F r ame > T r u e ]
P y

2 5 I

2 0

Balloon I nes inlercepts are
no t Convers tn (ect a

[ 5

11)



6 | PS04-Solution.nb

(c) Below is a table showing the x-value, the slope o f the chord leading t o that x-value, and the place on

the y-axis where the perpend icu la r t o the chord intersects it.

mat twoCPerpendicu lar [x_] t= - x / (x? +x?}

e e M a t r i x F o r m [ T a b l e [ { x , t w o C P e r p e n d i c u l a r [x], - x t w o C P e r p e n d i c u l a r[ x ] + ( x ? + x ) } ,

{ x , De l e t eCases [Range [ -@ .5 , 1 . 0 , 0 . 1 ] , 0 . 0 ] } ] ]
e t a l Matuakaan:

- 0 . 5 4 . 2 . 1 2 5
- 0 . 4 4 . 1 6 6 6 7 1 . 7 6 2 6 7
- 0 . 3 4 . 7 6 1 9 1 . 4 9 1 5 7

- 0 . 2 6 . 2 5 1 . 2 8 2
- O . 1 1 1 . 1 1 1 1 1 , 1 2 0 1 1

0 . 1 - 9 . 0 9 0 9 1 0 . 9 2 0 0 9 1
@.2 - 4 . 1 6 6 6 7 0 . 8 8 1 3 3 3
6 . 3 - 2 . 5 6 4 1 0 . 8 8 6 2 3 1
0 . 4 - 1 . 7 8 5 7 1 0 . 9 3 8 2 8 6

0 . 5 - 1 . 3 3 3 3 3 1 . 0 4 1 6 7
0 . 6 - 1 . 0 4 1 6 7 1 . 2 0 1
0 . 7 - 0 . 8 4 0 3 3 6 1 . 4 2 1 2 4
0 . 8 - 0 . 6 9 4 4 4 4 1 . 7 0 7 5 6
8 . 9 - 0 . 5 8 4 7 9 5 2 . 0 6 5 3 2

1 . ~ 0 . 5 2 . 5

On t h e nex t page, | have p lo t ted these results. This is the mo re typical case t ha t Newton is expect ing.

Unlike for the circle they don?t converge identical ly. Unl ike the quar t i c a tx = 0 though, they do con-

verge,

A l though | haven?t p lot ted the addi t ional ten po in ts be low on t h e next page, they he lp see numer i ca l l y

t ha t they are converg ing t o 1.0.

a a ] : M a t r i x F o r m [ T a b l e [ { x , t w o C P e r p e n d i c u l a r [x], - x t w o C P e r p e n d i c u l a r[ x ] + ( x ? + x ? ) } ,

{ x , R a n g e [ - 0 . 6 9 , 0 . 0 9 , 0 . 0 2 ] } ] ]

Out|34)s/MatriaForme
- 6 . 0 9 1 2 . 2 1 1 . 1 0 6 2 7

- 0 . 0 7 1 5 . 3 6 1 1 . 0 7 9 8 3

- 0 . 0 5 2 1 . 0 5 2 6 1 . 0 5 5 0 1

- 9 . 0 3 3 4 . 3 6 4 3 3 1 8

- @ . 0 1 1 0 1 . 0 1 1 . 0 1 0 2

@ . 0 1 - 9 9 . 0 0 9 9 0 . 9 9 0 2

0 . 0 3 - 3 2 . 3 6 2 5 0 . 9 7 1 8 0 1

6 . 0 5 - 1 9 . 0 4 7 6 0 . 9 5 5 0 0 6

0 . 0 7 - 1 3 . 3 5 1 1 0 . 9 3 9 8 2 2

0 . 0 9 - 1 0 . 1 9 3 7 0 . 9 2 6 2 6

Gvevegace a t
\OT a t o \ .0

looks
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len P l o t [ x ? + x ? , { x , - 1 , 1 } , P l o t R a n g e+ { { - 1 , 1 } , { -@ . 5 , 2 . 5 } } , A s p e c t R a t i o> 3 / 2 ,

G r i d L i n e s+ { R a n g e [ - 1 , 1 , 6 . 1 ] , R a n g e [ - 9 . 5 , 2 . 5 , 0 . 1 ] } , F r ame > T r u e }
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P l o t [ { x ? + x ? , - S q r t [ ® . 2 5 - x ? ] + 0 . 5 , S q r t [ @ . 2 5 - x ? ] + 0 . 5 } ,

{ x , - 1 , 1 } , P l o t R a n g e+ { { - 1 , 1 } , { - 0 . 5 , 2 . 5 } } , A s p e c t R a t i o+> 3 / 2 ,

G r i d l i n e s+ { R a n g e [ - 1 , 1 , 0 . 1 ] , R a n g e [ - 0 . 5 , 2 . 5 , 9 . 1 ] } , Frame + T r u e }

25 p e e _ ? ~ ? : : n e

eT =05 0.0 05 7.9
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