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j (a) Afaint arc of radius r has been added to the figure above. Estimate as a percentage, what fraction of
theringis closer than r to the corpuscle? And what percentage is farther than r? .

Note: Isn’titinteresting and a bit magical that all the bits of the ring that are at a distance less than r
(and compose less than half of the ring) are pulling just enough harder than “their share” to just bal-
ance all the bits that are farther than r (which compose more than half of the ring) and which are each
pulling less than their share?!!

On the next page | have drawn a
ments from the drawing.

ing that has been broken up into 36 beads and made some measure-



14 o

09863 r /38.5 =om g o077

6_170 0 -30° COS 6_17¢0 0 :

R T A cos 6.600  0.992546 r (37 % 0007 %
Bpees. Slte -pesEL.  BaMET ¥ AT 08 S &, 0073
Sins. ABAE tes B BONS P i3EE o5 S @.007 ¢
Gorags 1T BOE Gunge - 0.988385 ¥ RS o 0075
B.pas =20 ©0S Dines H.939893 r /zz.( Lo Q0077
61160 -23°  COS O.;5. 0.920505 r//°7 o a.0079
O.10e -26°  COS O.1000 0.898794 1 L) s S 5,008
o ~389 ok Bans 0.87462 r/03 cos e Oa@ogg
Otinie =310 COS O_gge 0.857167 r 9<sTs E@ P, 00 fo
D “§25  Cos Do 0.848048 r 7.5 Lo gL o0 i
Eico ~32 6 " ¢0s.6.65s 0.848048 r 77.5 25_79& o.0/0 7
By 815 B6e 5o 0.857167 r Py & 0w ©.0/Z o
%0 ~290 COS B 4ph 0.87462 r 645 w 0.0136
Obe 22500 05105 0.906308 r S G %ﬂ_ =7,
8k 190  cbs Bage 0.945519 r S O Lo 0.0/87

Bt s ~18% . é8% B.yy: 0.984808 r ¥5°S 0203 Do 0Z/ &
©o 0 cos 6y 1. r 4+ &re‘* O.DZZ-?
Giie 10 ° Cos Oige 0.084808 r 4S5 cos o g, oz/ b
B 190 COS 600 0.945519 r < Lioe: 0 .0/57
Bays 250 Cos S 0.906308 r S 6 5 e B ol
Bigin 29 0 coS 64ge 0.87462 r  64.5 02 2 0.0136

B 310 cos Bspo 0.857167 r 7(.S o 0,020
Buge 320 COE Baie 0.848048 r 7% S 0% % ‘0/07
S 320 cos 679 0.848048 r Q7.5 St 90097
G5 310 cOS Bggo 0.a57167 r PS & £05 e :C}”QO’?O
B 29 © COS Bgpe 0.87462 r /O3 L=l 00 g{
S 26 0 cos Brses 0.898794 r //O w0082
Giios 230 COS O11p0 003uses - r L7 % ©.007 g
i 20 © COS B120+ 0.939693 r /27,8 @ =m 40 77
G5 170 GhE Brios 0.956305 r /2°7.§ . @QO'}’{
g 14°  cOS Ouug.  0.970296 r 22/, S =t 50078

S 1l cok Bisss 0.981627 r /3{ Sos fe 5 @5:‘7‘3
6160 o 70 cos 61600 0.992546 r /277 e e = joﬂ o
S e cos Oiree  0.99863 r /38.§  Lom 4 po72 )f”
O180 o 0 COS: D750 il r /37 Lf“‘“ Oa 007/2’

e e
sotAC = 0.37(/ /

C 2-««MMM oy & 4
e C:}I &/ 7 bt



: &%r@n*
£ _ mese fi engths
- i . \efﬁ@ct v

i MZ@SQZ/ZZ aii ij«\ +the
iaqrawn
g o %MA_‘ L i' O,\J%
- * G- = j(;({ow)l/\df
£ ? > =

£1 € i /Z’l COS@( aj

/Bu% /QGQ%O/M c(,ZSO ('\QS

Cl/';l ae 7[2.
/2 £
A\

. 0\{5 l\& Of ro
C{'—“—?’—-c, m@@ O(ff—z-c.

g Z
o

_::_l_--- ;Z , @Sgl r\z

E:-'2_ fl COS@—L T




Y

: w: N\\ ONH
\\&\Nw%wv \,
\\VNSB\&&

M\ \\\\\ g

2ua m,\xwﬂ
WN\\SSC\; M\\

2 2z
\V\&r\ m.vmm\\ QNNF Yo )\28%@.\\0 €4

2 5 \N\u{vt
\\CQ \v\V\.\.:UW@DM
w«mt . ¥y }Py3 2209y

& ,
bl

a3
o

)



wwﬁ\s\:\.\ (A\Nﬁo:;\wc@w M:\ \/\o,;\B

* s \wwwr _ N&E\m@\

T I il \J%@wo s Moy Loe 3707 7700
(,Q_ i \A\Qw\wh \QNV L \w,SSK\Q \u\wm/ \W\ (,QN\rva&\w?Qw

L

\ f\ik@ \Q
\m‘ \\\VS@\U Q\f% 5/ V.\N\
s B




] PS09.nb | 7
o

N
B
_.\
—,
_ﬁ
LD

NOTS,

Problem 3 — The Tides

(a) The mass of the Moon is M =7.348 x 10%? kilograms. The constant G in the gravitational force formula
GMm i ' m?3 /kg/s?. So for the Moon, GM= 4.904 0¥m m?/s?. The average distance from the

Moon to the Earth is r = 3.844 x10® m. Square r and calculate —2 to get the average acceleration of the
r

Earth due to the Moon. The units are m /s,
-

=
321k =

(b) The mass of the Sun is M =1.989 x 10*° kilograms. So for the Sun, GM=1.327x10%° m®/s2. The aver-
age distance from the Sun to the Earth is r = 1.474 x10'! m. Square r and calculate % to get the aver-
/5

age acceleration of the Earth due to the Sun. 447

G110 x 1677 2=

S

(c) The near part of the Earth is about 59/60 as far from the Moon as the center of the Earth, and the far
part of the Earth is about 61/60 as far from the Moon as the center. Using your answer to (a) and these
distance ratios, find the acceleration of the part of the Earth nearest to the Moon and the acceleration
of the part of the Earth farthest from the Moon. The Earth’s crust is a thick pile of rock, and perhaps one
wouldn’t expect it to be very deformable. However, the water on the surface of the Earth is certainly
deformable. How much more is the water on the near side of the Earth being accelerated toward the

,/ ?

Moon than the water on the far side of the Earth? o / ; o _./ i, /ﬁ A
7% f'f;v’f‘f"' st - i;) mx:;); 2(7x /0 ? = = S22 X100 Sz e
?ﬂ 2 ' p = '&1 -2 -5 .?}'Z - D D {3 g

(& X5 IXI0T" 2 = 2.2/ /07" > 2,200 s %

(d) The near part of the Earth is about 23140/23141 as far from the Sun as the center of the Earth and
the far part of the Earth is about 23142/23141 as far from the Sun at the center. Repeat the methodol-
ogy in part (c), this time using the acceleration calculated in part (b).

w9
earest = [Z3I41 ) X G0 y/o’gs’q, = /.o000gsf ¥ C-10Y /P j}"z"
/ Ar J
far giﬂé = /25/;7/“) 2, CloxiT BT 0 P7P136 X6 1ol 97

Please contemplate (no need to write out an answer): Do you see why the tides that are raised by the

Moon bulge on both the near and far side of the Earth? If not, please bring it up in class. By the way, the /(7>/
acceleration formulae we have used are entirely correct, but they aren’t enough by themselves to tell
you how high the tides are raised. They just tell you that they are raised — on both sides of the Earth — 5:;
and they also tell you how much larger the effect of the Moon is than the Sun in raising tides.



