Janauwx\'CS -~ l\\eb&"‘onls Laws g1

Kmew\co‘(' T
-movw\em«k\'caﬂ c:\esc‘ci(f"(ow O'Q mo‘tiow

'AQQ(V\'A’COV\ of jsos'rl(oyu) ve/od-‘g qvm/ accc/erd((w

cmcl e v ibelacf(ows%fs civ\é“kvgiﬁ evolu'hozg

WAWACS -
- cLa Eoc‘\‘es move. as -W\Q CLo7

- wh cavses o ko % G«.cce/’(erao&z ?
T W SQQM se€ 4“‘&\

aaLCovces QY € Y‘esrons‘(ue
Qo\r qcce,(e\"r:&‘\ow

ﬁe ‘wo\oe‘(*{es o? 'E(N‘CQ aY\i ‘w\e T‘Q[CC“(OV\S’QKFS

LC“'UOCEV\ ‘Q)V\(Q A G(CCCIe\fOU{"(OI/\ av'€ a/;VQY\ Lk&
Newtons 4Qvee  haws of Motiow.

e F(vsjr ke Q&esc‘c'\\bes +K< n«*u\rw( S‘LU(Q o@
moltifcv«\ o8 o body.  on UAG\\'(Q no fovces ave cu:.'}t(va.
The ojte\{\r +we Ao < Jeqﬂ w'lJrP\ *fJRe [erqvioV' O'Pj
av EOA\& UY‘A*X‘ '\Q\Q ‘me(uemce 04:) ‘QN(eS.

Gal leo (Jlb41> L{%cw\ -}Q\Q modern Qlave‘ulom{v\’ﬁ of
Re  wcience o meXamics.
s Free -Qu«u D\o&ec\‘s Q\QVL COV\Q,‘\*CWQ& acce /ev’cJ{\('OV\ S
nd QP@V\QL U S S ‘\6/%‘.@\&555 .
. L\ﬁcu\iWS Tower ok Prsa exa:xv%men/‘k.




NM“DV\)
|6%T - P’\W MabeW\GL&Q
‘Raws o~E ‘MG{TOV\

hauwn of Univevsal Gv*aw('('a{zc'om

- \M\.x\{\\h srer&qu\{:\ as ‘fﬁe ?fcofes‘( scicn)(('s“f

evey Qv cl

- Cf‘ec‘(" ‘Q‘( 'mVCv\'[{r\a Qn,{cul\)S.




3L
New'\“ov\ (%41-—173\7) 'IV\CO\{FOWJ‘(J 6‘4%( /eo/j ﬁint[im 3
into a fo\rmo\d‘iom of J«&nm((s uoe\\‘(Q 1S Cq»Mecl
/4
" Newrtovian MecQaN\\CS _

Newhton's haws are ot a Pe\rgcu{‘ Jescvl\ohow
o2 fow wiure  befaves.

Tt -(}qi\s "

O Atoms and x\oc\e'\ — Quan‘kom TQQOV‘

Ax) Metiow o \-\‘%ﬂ\ Velocdies — T()\eo% o Re\c{hv'\

7o éfm\ MVnamMIcs  we W\\)S+ ivﬁh‘bciuce 4&00 newd
CGV\({F‘F—- Y\OJF \rezu( v*eval n kw‘wavnu)(*(cs g
‘ﬁOV(Q 4
¢ MNASS

Fovces
Tovece 15 a ce«\*m}\ cone e\o+ in all 0% f%u‘cs.
1t 'S G\\IQAFO\[ oqvﬂki‘\ — \mus"' Q\escvi\:e wle\dl
Qli\(c& N w&\cQ KWOKCJ(‘S as well as ik m r\(MQ.
Tr Q\((\C\-\Q\aa& use a fvee is useJ Jo descyibe

oo —pusk Yol o eull —

. s\‘(@k{CQ\QA s\w(v\ )
. mu\o\o-c\(‘ Eqv\és ? Q.’Ie‘r'\" ‘R\r( ey on 0%39&5
¢ ixav\&'% QOLL)‘QS

* VO?€S —




3-3
. l\‘cbo 145} *p:\(cQS on waMs |
. Tses Luo«é\ou/\* %\rces

. s\'\él\n% S.U*(‘eaces } "cv\‘ckiovx«k ‘Cches

Above ave all e)(q,m(:‘es od “Covd'cu:j %VCQSH,___
o‘bzf\c&s n iNec:{“' cov&ac‘k witl {ch OJYQ(‘(-

Some ‘POV‘(Q\S a\e “ad‘\‘ow “O\*" - Q[\. s“‘«wch “QD\I(QSN

— No &:\{‘Jec* cov(lmd (€ u(recl_
.,X,\a\,;%»% 5

: e{ec‘i‘vowmyme%g

—":\Jnéqme&a} Tovees in Nekuve

¢

2 Gravikational
e Ads between M 504(85 Q\qvi\«\& massS
. Mwmk&, aﬂmd(ve
o Weakest™ ‘(}!N(e \n v\aJ{'u\re

e Ey avrticle <« ?Sra.v tom 7
* Dy acce Q*roc}'-n masses mCl(‘cJ({ ehev‘g ?
- A-C}rlva a\reﬁ o&} \(‘esecw(gx (t\mv-i*\& :&awves D

i) E\Qd{\(ow\qx\néi \C

. A’dmcltm\z\ o Ye \A\s(m/\ JDeJRotev\ e\eE&\r(( cﬂcw es
. Ey\ce‘;\' -co\r AV ’ ql\ O*Qw vv\qc\(oswrfc

fove es lave Y oviding W ewn.
* B\ 3 ‘bq\r'\v( Cte‘ 1S “‘re\\q \‘JQO+0W
¢ prCC el A(V\ﬂ, ch\fg‘gs C&NQ b?-\z PQQ’\QV\S




w) %\‘vov\ Fovee
e & nddeav force acting between nocleons in
Re  dtom C between %«mvks)
* I\)ucleq( \Me

M‘H‘q e or  ye o\uve (Covn ltcdtegl Lquv(tw‘)
. Ex&m& rwf‘hcf }?}uoms)

) Weak Fovce
* Seen 1w \V\'\’t\rqc* ions  betwseen elemenfay '?q‘r‘\‘i cles
- Nexdeon  deca +e +‘D/ﬁ Jecaag
- Field rq\(—tl G -R Esefv&:l PeV\ nevih
Yee eckYS ad 0 (CERK\B /_'ﬁ cofc‘h

kw\%@q Pq\('\'?i eS Wi’ 2° (Mc ~ 80 GQV)

:?"\ T8 Fovee
e PRLet Jan 6fsb
« Ehvos ! txp'\' les;“ecl 7aai {‘nk ok q\raw‘i‘cd(L(OVW(
qV\& w\e\o‘t al masses Sc)a‘( mMaX eV ans
. f\w\e\Ws cont vilogte S\KQJ(' dllevence C’ ‘N
fes‘)ov\,se “'0 5 4R ~Q0\Ite \a}( ,{'R ‘Q-O\rce"0
\-\ { Chavyg 2 - :%cw (1% \)uwx‘u&v (Mfujtvov\s +P\fo‘(‘ov\s)
. e N 'Qeub Q\)V\AV'QA W\-z"\‘a‘(s (re UkS‘V€>+S‘Ya“YMSS
Fie \E Ppav'\‘\c.\e — H‘.Mo«(‘( (79\0‘\*0“ )

’ Mqa Tfecise e vimenis OY\AQ‘(‘MQ
* EXistonte no’\' e 'cVe‘\é concl()sive cj + N *L‘me

s  (wesons

F\fe (C J

Bcwq&),\s/ Unt Mass s max
W cadey o pest e tabole.




3-5

Te\e 3Jf\(\) C)(\NQ qv\& \’nQ\qvmv‘ 0‘? “er cNQ‘\'Y‘c

unlvevse cawn \:c_ c‘escw{LeJ L\}f ‘}Qe ac,lLfoy\ o@ ‘cwv
-Qoﬂéqmcvx"'ax ﬁo\{ces.

R«v\ e | FCQH Ex\('\’{clt

5‘\'*(‘0\(\ :FWCQ (e\qévovs W —-NnyC ‘6(3 I()-lsm | Mesons/}\\')ov\s
Electom O«Xv»eki( Fovee (.CQQV&"S) °‘° 15> Pﬁuﬁ*o\n
N(q\k Yovce (({PJ‘NV\{CB o 1"\ \O_B \Ni 3°
Gvavitak vak Fovee (WS'S'SB o0 10.38

f}v«\;ijrom i

'Re\aéﬁve 3‘\¢ewg\‘9\ Q:Fw(f\uvxs _j
15 " Q\M\F\'

Cow{\\r\uc>0$ '\Q\Qo\rei‘{(ai uoofk ovw&b‘\nt}) 4—0 (le\zelo\p
o CcoMmmown uV\(Q(eA QleSC\(\(J'("(oh '

A <eYmMmS 0-9 a
single wadel oy all ovees. 3&4(9\ o wnode | wou‘cl

make (9\0(’0@0\\\ v(e ACCJ“\V\S ubgu‘(g\ cawn E{ (‘Qecleetl
ﬂ {leevimevté.




o 'F*(\T\QV\ A—e(qx“’}rt ?
L.

%-b

;unqc TQeo'(ics ‘Q\dVQ SQ\OLDV\ usS aow 'Lo Covv\\m'he

Q

E Lechvo vchM*\‘C} Elechvo- UOQCLL/

Weak
LA\' chsg\ nevq eS W\{ o -&\Iceﬁ
QQ\IQ QW:\FC{‘('ML %‘\Temxf"e\ av\é

a s e "E\(‘om o CoOMmMon vlescvlr'h‘on,

Nobel Rrize - \NQ'\V\\}Q\(‘ /SCJ am / Gla 3(\?0»0
s Woxk on %\aw\clqv A ‘E\fec‘l‘vo - eck m_giel
. Pvei\‘c)%d eau‘?t:v\ce ok vxeu*\m/( cuv\rfn/(“s .
. g\)LSebotvd Q‘& io) \l\}-L Twtev w\eclia*e Ve d‘ov Rezoms
L Biscovered B1GeV (CHQN’HQ%)

- QUTS G\(mnéﬁ Ui g\‘eé Taeo\(ies

—m\mﬁ“% link
3\1‘0\/\}

Ele c%mvmckn&\‘ (} Electvo - wea,k
W eak .

T. >103" ns . Y$uw\e J{Q&co\* m'\*e\
P 3 ’ h
‘w\\s ceco 4 {ov 4&{0%&3




Ned"ovx‘s Foest Law 91

! Evey Jma l covc\mues [ ilrs sjtd e 0'@ veé\‘s oV
NARVIVRE 3\ Vot mo*’\ovx W &\ H’ Line (stva \'%H” /(Cv\e)
\kV\\st 'l'\“ s C_OVh(DQ ll PA “0 C wa\& € '{"B\cd— %{'a){‘ e l'ma,

H
ﬁo« es imﬁa\(‘esseé urovx i+.

- _,

F =0 - V = cond a\(‘_\\-’
eSived divection

e Lived wxa.r&vf\'\c\k&e

Most L;on\ics we v\o\(mau see, y\—o? UOQ\-LV\ \QH‘ a/ltme.
- F\(esevxce 0\1 Qr((’}r;&w\q( -?o\rces
= a\y TQQ\As, AN —’\Tatg\<s cX\\le A Q.'Y\'k. ok +R'(

F&(&‘Le\/\u 0‘\2 wolion .

Pa&ic\es W \chuuml ce\es{*\‘w( LoJies 'oe\rS('5+
n s‘H{ oP uv\i{zovm \mo‘kiom.

A BOA&& uo\*().\ ho ‘@NCQS ac*{vxc} on l'\' 'S ('a/utJ a
‘&QQ \DOA\X

Nuo"('ovx(s :F\(s'k Lcu,o ==% La(,o o-@ Ine\(‘hc\
- E\L(o\resses +9\e 4em(¢mc o-& ‘Qik\(es “0 qu’l‘qM
el O\ri%i\(\ shde  of' wetion.




3-8

Re@ucv\ce F\fames
Law is  wel Va\icl n

Valid 1% s\oec(a( Leawmes
Lw 1ne\f\‘ia\ ’Re@@rence Frames

a\\ Te{e\(ev\(‘ﬁ f\mmes.

{
o o)
7 X
La\\ 7 X! -1 ou
@ =0 O O
7o V/ / VAV R R A T R A e

‘—%a\\ Q‘\\ex\ in mv‘oov\cl J(;rco‘m{

s Tyain qcce\ev es

. P:q\,\ a\s "\'D LQ ’%‘JOY\* C{N\GOO%\} accC C(P\I‘JEJ
™ e ‘\ o\)qg\ '\Xr Q&% no %v(es ac*‘wxa on i+-

‘Tes:\' -tg\r ‘\Y\{\(\ iCLL \ICQe\r{V\('e -?\(nmgz
- Tq\u q-@ue_ bo (\(\o -Cosr(es qdl*‘m%>

- %L s ‘)vfsis‘\s N a S{*a)tc OQ‘ UV\(CQ\(VY\ mc{*t‘on
== l“e‘("\‘(kk p\r\}cwmce Feavne.

DJ‘Q&V \m@wcvxcc -Pmmﬁ N UV\\'{;NW\ "V«M%'QJ{TM«/{

An
m;ﬁk(on v«-e,\ai’\'\l& +o fﬁ{ stf (S Q{SO awn imev‘{“ic\/{ '@QMP'
A ‘{\Vam\{ % acce(-ew/fei MQHQV\ (‘Q(«j‘i\/( ‘/“g {*Kf
fict & nit an '\\Mr’lﬁ«{ Frame .

Eooﬁgx \)aseé &TCL\N\'Q" No\' ‘\v\Q\cjﬁc\l ' Eg;e(*s S\(MM

CQ\:\*Y(PU\‘J A(CQA&.‘C OV (ROJYLA‘EOV\ {E uaCl’O{X: 034 W\\S1
@QVQ\ LT\‘\Q“} =




T\leu\}*ov\(s %QCOV\J Law 29
- Ed‘q\o\(s(‘)\eé ’rQ\.g re\aZl’iO\(\$.Q\(\a k{\.meV\ fﬂxrce,

qcce‘e*( OC\\‘(DV\ , q\(\é mass.

" T(%e (Q\Q}V\Q TN mo*iovx (a((elt\rakiom\ NS

pre ‘30\(’\ ‘|ovmx e \mo‘\ive Qovee  im wessei 5 amQ/
S mccée n -\Q\Q Jivec*(ou o¥ +R< V‘\‘c& + Aine
('5&‘(0&'\39(\' li\m) (N UQQ\((Q\ '\'e\( @vce < }m‘gres.secl '{

F = ma = 4
. 1

a v F
0 :—i D mmm— - — S %“/“_____x L
) “ move Cowed' %‘h&cmcvd"/
F a v w'\\\ &\‘SCUSS ‘C\*(‘(
0 ~‘$‘7. :——’——x
‘A faw of waruve
- Precise c(e-QCv\lJciov\ o dovce
\Iolki o\r\\\\( W Mer*ﬁaj \(e'et\(cnce 'R(w\mes.
¢ W X E OJ\A ['N ‘W\Q Samne v:J;rec+iom,
Unrks
ST F=wm ®
| Tkal | M
% <>
= | (Nex.b‘\‘W\S)

w= | k. =
F= (N.
(Lz\w%]s" }

Bvidis? ™ = lsLA% S_F -




;'ibeﬁ down o Mass
- ‘S‘\*wdarg of Mass (ik >
Cowpate wasses b laalqmcm
- K:w\» \‘:2;;54 N oo’*c\{}'s ce 3
C,o\m‘,av\son 0‘? use\cév S %5ee lcﬂl’f?\c)

Proc eéuv(’

&-10

LS

 — C o own ‘PO\!‘(Q ou:} V\C& ow\ S"\’CW\JCLYJ Cmcl uV\khowp\
wmasses .

= Undev “&“0“ ok W\‘2 Lfovce 4Re Loc!«'cs el
qccdem‘fe ve la"‘(ve o eq(Q o1Cev

1"‘50 el(ae\r’\wxcvﬂ( inn  an ivxer'\‘ia( Q\mmo.

™\ 5 &s YY\CLSS( qcce(em:l‘iov\ o} s\‘cwiq\(cl

LA mass | qcce(e\ra)(*iom ok UV\‘R\AQLQV\.
F = mao
= W\SQS

REN
My N
/( mev'lml UaY\+ *‘

‘Nass =2 a. weasuve ot \resxs‘l‘ ce a loa:l.

OQ’gﬂs “‘o CQ €S \'\fs velom{‘\&
' ‘\A\f masses p\t{\f{ vsv::& oxcce,(e\(a.{‘mhs wer
to Given Sovce.

s Mass s awn aéé('l-‘\vg P\Fove‘(‘*\a ok m&’t’l?(‘('.
M= wm+wm,




SuPe\(\‘)OS'\ \'iov\ O?‘ Fox[ceS Q-

M

- %U\ﬂ)o&z Sevc\(‘ai ‘fowces aé\" on Eml«&

- How ql;oes }'\- moVQ?

?c\vxcl\p\( OQ %Up{VpOSi'\" oW
\ vl

- D
ng sa\:c\m}\ ‘QO\YC€S F” Fa | 1‘3 o:ac,+ s‘lmoHancoos‘ on

o bhody HRen e accelecation is HRe same as
{”ecd’ ‘61‘34\)(?4 (9*% ‘HZL &ivxa(e -Qa\rce‘-

N ) N =?
F}ig'r: F‘-\—F}*‘Faf-

t— N et /\(cso\ltcmj( Lovee.
‘VCA‘Q\( ISuvA 0& {“t\iv'\wluci 'ches,

Lqu) Of* Nc«lﬂk‘rﬁ : T95 ct( Ex()-t\r; mwf«lk&'
.q.c&_ p(qme*oo{\& V\Q\inw )

N{u.\*om(s %ecovxd Lawd

—

F. = w

&
Nt




— - .

F = ma, Fovces oncluce, inJiviJUcJ

: a; levadki

K= ma, accelevations
= 2 2 _ =, D :l
F+B +I:3+ = ‘ﬂ\\lq‘ 4, va, +

= —

E o= owma

NeX

= —

& = Fue

w -

Tn Rec&wvv&o\cv( (3\\\3(?\ COO‘(A(V\AC S\a%'\‘(m

Z ‘Fy\ = YY\Q‘)( ?

[ ET”A:“W\S of Mo‘lﬁ'm«

iy
3
9

P

-1



E xmme\e

Irlz SN

™= %kc}‘

whd s qcce\e(q}ion oF o\oé}ec{’ 2

Find nesu\‘\‘avd’ {ovce FR'-
choose o cDo\(éiv\AQ Sudsﬁ‘em.

A
FK-&7 +5
tam® = Fox
rkﬁ

= _
ol = R
A1AY
ce= %60

..2’
FR= T3+ O%\
—
K= o +5a5
- == -
F{ZlF“i—t’; = 7;(\'\‘33?
= ¥.O6N
s B 355
T

7;(\4—5/\!% _ 3;(\.;_!5'/\

3 7

8-13

Rame divedion as \:-':i.l




e o

E Yc\m;‘)_\ﬁ ‘X 9-14

A
> Ay Swls 3\
=4\ | ?’\

A Pl disk € wass m= 2k s\ides on a
'Fkogzvx Qa\(e uo'\*a an ‘mi"hvv( Spee AJ = SMIS.
;FM'Q{‘ROV\J che Q\qs aQ Qong"‘ad ua./(ue £= 4N

éF(aosile 4o yno‘lLio'u. How fav chs +Qe J«‘sk sll'c/e
.lpe e c'ow\'(:j +0 res+.?

Ddisk Qas no vev‘l’icc\ﬂ mlshou — T mwe.’./
Sum u@ a ucv‘hcd 'Q)fces eZUCJS 2ex0.

CQ\oose cooviiw&'e s«as}em :

2 = mw
—a:':E{L\ = "iﬁ’//\\z 20 wfs?
wm _13
I-D Kimewedccs
2 A
'\}_—'\3; = A0S

'D’“wl\‘SJramct ‘hra ve ((eql i

'\Y_Q =0 anevx vl\'S[( S‘\"O(DS.

Lo~ 01 = AasS
-~ — N\ A = -5 / - e Ty
S - D/o’("t xg(;lx(—l)\ = 6d5m




Exqmp\e g-15

A Sone i m(ai‘r\eJ n o

C‘lY‘(qu\f ’PC(\Q\ Q'\' cONS ¢LV\+
speed.
{

wm = IOO}
R= am
Ng = Im]s

WQ\{_\' -(-)o~ch mos‘\ be qdﬁm}s on ‘W\Q S"Yone?

o= _‘\f: € N\Is§ - 4-"-3m/$;l YTZ)UOCLVJS CevOl'c\(_]
R p

~ l/a\ ‘}Qe

Fc_ = MA = (Dl) 4.5 :. 0.45N {Touhrds c<n21‘cv]




- THE BOSTON GLOBE __ MONDAX. =1 47, 1887 I

Scilech ..

Science - Hearmn - TecHNoLOGY

|

SCIENCE HISTORY

SIR ISAAC NEWTON

In 1687, a very dour and domineering
fellow, a man who lived his life at the
brink of a breakdown, wrote one of
history’s most important books

el

e.;unl!
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By Edward Dolnick
Special to the Globe

hree hundred years
ago this month, one of
the strangest men who
ever lived produced
one of the most impor-
tant bpoks ever writ-
ten. The man was
Isaac Newton, the Eng-
lish physicist. He was a genius, a recluse
through much of his life, a virgin to his
death at 84, an angry. dour, domineering
man who could not bear criticism and
would not rest until he had publicly hu-
miliated anyone who dared to cross him.
In the words of the historfan Richard
Westfall, who devoted 20 years to writing
his blography, “Newton was a tortured
man, an extremely neurotic personality
who teetered always, at least through mid-
dle age. on the verge of breakdown.”

The contemporary descriptions all
sound that note, referring again and
again to what one of Newton's colleagues
called “"the most fearful, cautious, and
suspicious Temper that I ever knew.” But
as odd as Newton appeared in his day. to
our eyes he is stranger still.

Though he is considered the greatest of
all scientists, he devoted decades of his life
not to physics but to feverish work on al-
chemy and on interpreting the Bible. In
Newton'’s era, that made sense — the heav-
ens and the Earth were God's work, as
was the Bible, and so all could contain His
secrets. Year after year, therefore, the
most powerful intellect ever known la-
bored to turn lead into gold and to inter-

pret the Book of Revelation. To moderns, it
is as If Shakespeare had given equal
weight to writing and to juggling, as if Mi-
chelangelo had balanced scuipture and
basket-weaving.

Newton's masterpiece, and the book
that made him famous, is called "Math-
ematical Principles of Natural Philos-
ophy.” Written in Latin {it s referred to as
“the Principta’™) and dense with math-
ematics, it I8 the perfect illustration of
Mark Twain’s definition of a classic as "'a
book which people praise and don’t read.”
According to one historian, It {s doubtful
whether any work of comparable tnflu-
ence can ever have been read by so few
persons.”

Because of Newton's morbid fear of
controversy. it might never have been
written at ail. Edmond Halley (of Halley's
comet fame) took on the delicate task of
cajoling Newton into making his ideas
public. arid even picked up the cost of pub-
lishing, though he was far from rich. The
Royal Society, which had agreed to pay
publication costs. had used up all its mon-
ey on a book called “History of Fishes.”

By most accounts the Principla is the
most important scientific book ever writ-
ten. Its crowning achievements are the
laws of motion and of universal gravita-
tion, which spell out how objects move
and how they attract one another. Newton
explained the motlons of the Earth, the
moon, and the pianets: he explained the
path of comets: he explained the tides: he
deduced the precise shape of the Earth.

Newton's theory is called "universal”
because the same laws embrace the com-

NEWTON, Page 40
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