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PARI ONE OF IEXTBOOK

' fhis 
chrrpter is siinilar to Chaptcr I in c{)ntent ancl difficllty. Srudents

u.ho l-rnd dilficultv in Chaptcr 1 u'il l probablv have sin-rilar clifficuities hcre.
Tbis chirpter- rvas clesignecl to bc studiecl in conjunction r.r,ith hands-on lab-
orator\ i  explorat ions. 

' I 'h is 
u ' i1 l  help to rcduce srtnrc of thc rnorc unf irr-rr i l -

iar ancl  abstract i rs l)ects of the n)ater ial .  (}rnnect ions u' ' i t l r  col t tent l )or-ary
events) such ls t l rc l r r . rnching ci f  a Space Shutt le,  ()r  the orbi t ine of anothcr
planct,  shoulcl  l . re macle as rnnch as possible. F-xamples in the text lnd in
t l re chrtptel  qucst ions l rc intencled t()  pl ' ( ) lnote t l i is. ' I ' l ie i r i r -st  c l iscovcr-y '
qucst ion shorr lc l  also be usecl be{ irre,  c iur ing, and aftcr this chapter.

CHAPTER 4.  NEWTON'S UNIFIED THEORY

Objectives

This chtrpter serves as r  culminat ion of the previous chapters, br inging to-
get l ler al l  of  the var ious cor)cepts, laws, and assulnpt ions about the rne-
clranicir l  l ls l )cr( : ts t i f  natrr lc i r r to onc rrni l ie cl  t l tcory-thcr t l rcoly of r . rnivcrrsal
gravitation. I-qually irrlportant, the fblmation of this thcory is an out-
standing examplc of how r lcw theories nra) 'be fcrrmulatecl ,  testccl ,  aucl  rc-
ccived by the pulrlic. Students can apprcciate fi 'onr this chapter the origins
and nature of our cl l f r -cnt unclerstrnding of the cveryday lvor ld,  as wel l  as
thc nrnrre of theory construct ion and evalrrat ion in physics.

Sugge s t ions

Since this chapter nrlrli-s thc inuodrrction of thc current outlook in physics,
stu(lcnts should takc tirnc to cvaluete tlrc nature of thc oudook as displaycd
by Newton's synthcsis. 

'lhe 
exploration questions are desigrled to help facil-

itrte this evalu:rtion, biit drey are only a beginning. As tirnc lrermits, rnore
cotrld be done rvith drc nature of physicrl theories and vuith the impact of neu'
theorics on the broacler cuinrre and society. Snrdents should be cncouraged
to appreciate how the worlcl changed fol everyone in the transirion from dre
Aristotelean rvorld vicw to tl-re Newtonian vv'orld view. What would a hypo-
therical convcrsation bct'"veen dcniz.cns <lf thcsc twcl worlcls be like?

1-lris clrapter was inspirc<lby Pt'oject Physics, Chapter 8, and by G. llolton
arrtl S.Cl. Brush, Physics, T'lte Hmnut Aduutttu'e (Pisc'ltaw'.ry', NJ: Rutgers
Univcrsi ty Press, 2001),  Chapter 12.

Fur ther  Chapter  Read ing

Cl. Iloiton and S.G. Brusl-r, Ph1'si65,The Llurnatt Adllentrtre, Part D (Piscataway, NJ:
Rutgers Universiry Press, 2001), (Chapters 12-14) is espccially helpful on
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"structurc and methocl in phvsicrl science," as is Chaptcr 11 on Neq'torr's larv
of  univelsrr  I  grav i t r t ion.

[.B. Cohen, Stiencc and the l iountl in.q ltnthcrs (Ncu, \brl i: Norton, 199-5).
T.A. Fleppenheimeq Tirrhulcnt Skies: Tht Histor'1, of C)orntttet'cinl ,4aiatiott (Nerv York:

\\ri lcy, 1998).
T.S. I(nhn. The Coperuicnn Reaolriit,tt: Phnetnrl, Astrottontf in tlte l)cttclolnnent of

Ll/esrern Tltought (Cambridee, MA: Ilarvard Univcrsiry Press, 1957182).
D.ll. l,erry, l\4ore Things in llealeu ond Enrtlt: Poett nnd.lsn'onomerc liaatl thc l,{iqht

St-y (1A/olfuil ie, Nova Scotia: Mrornbat Prcss, 1997).
C.E.. Su,artz and 

-I- 
A4incr, Tetthing Intt'lductltlt Pl.r1,51st ,'1 Sourcehook M/oodbury',

NY: AIP Press, 1997), Chapter 5.

Supplementa ry Mater ial  :
The System of the World

Neu'tonls ialv o[ universal gravitation was so succcssfirl thrt scientists trc-
lieved tliat they could now understand tle entire physical v'orld r.rsing this
iau' .  Newton hinrsel f  t i t ler l  the sect ion of his book on gr lv i tat ion, thc "Sys-
tem of the M/or lc ' I . "  One scient ist ,  the F-rench rnethernaric ian Pie rre Sirnon
Laplace, took tl 'ris idea to the lirnit. Using Newtor-r's lau, oFuniversal grav-
itation, he attenrptecl to rvolk out rr)ethcnraticrlly thc entirc rn()tiolr of the
solar systcrn by taking into accrir-rnt all of thc mutual gravitational rtttrac-
t ions beween the Srur and al l  of  the known planets, pLrbl ishing his work
in f lve volunres in 1799-1825. Although i t  is nrathemlt ical ly not possible
to solve this problem exactly, he dirl obtrin approxinr'.rtc solutions thlt
agrecd alrnost perfect iy wit l r  thc olrscrver l  niot ions of thc plancts.  I  Ie cal lcd
this the Systinrc ht hlondc, thc'. Sy,rteru oJ'the Workl. 

'l-his 
w'rs another bril-

l iant t r iumph of Newtonian sciencc, :urr l  an inspirat ion to scicnt ists l ike
l ,aplace wlro bel ieved that they haci learnerl  at  last the decpest secrcts o1'
nature. Laplace presentccl his system in a special lectnre to thc emperol',
Napoleon, r.r'ho hacl e strong interest in science anrl technology. Napoleon
listened politely. \M-rcn Laplace had finishecl, rhc enrperor asked: "But,
Monsieur I-aplace, where is Clod in your system?" 

- Ib 
uhich Laphce is said

to have replied, "Goc'l? I have no nectl lbr that hypothcsis."
\&'ith or r.vithout that "hypothesis," scicntists tr>drry stil l urrll(c usc of

Laplecc'-s systern. Although fbr tecllrical reasous it is stil l not llossiblc rc;
solve exirctly for the precise nrotions of many objects under grlvitation, u'c
can use cornputers to obtirin very closc allproxinr'.rtions. \\'/irenever s'.rtcl-
l i tcs are scnt to other planets, scicnt ists crnploy high-specrl  sul)crcor lrput-
ers to obtain the desired trajectory by 11ri,'rt Ncwton's grar.'itational force
equation and his laws of r-notion to calculate thc trajectory requirecl. They
er.en make good use of the attraction to nearby planets in orcler to accel-
erate the sateilites further intrt outcr st)ace.



PART ONE OF IEXTBOOK 37

Technology lnsert :  Aviat ion

Further Reading

Sloan Technology Ser ies source
-l 

.A. I Icppcnlrcitrer, 
'firrhtrlcnt 

Skict: T'1.,c IIi.rtor'1' t,f L'oluttutirt/ ,tiiti,ttion (Ncu' \trlk:
M/ i lcv,  1998).

/t lso:

1,.O. Allcn, 
'[ ' l . tc 

Airl inc ]]uildu'.r (Alexanclrie: ' I lrne 
Life lJooks, l981).

M/.W. Ilathic, Ftrncktnte u.tds of Gas Tir,rltinc.r (Nov Vx-k: \\rilcy, 1984).
\A/. Biclcllc, [Jnront of'thc SL1, (Ncu.Vrrk: Sirn<tr-r and Schuster', l982).
P\\/. Brooks, 

'fbc 
i l lolcnt AitJinct' (A'lanhattan, KS, Sunflov'cr Univcrsity Press,

r  982) .
h.W. Cor-rstant, Tbe Orieins of the 

'I iu'brrjct 
Rcztolutiott (Ihlt inrorc, N1I):Johns Ilop-

k ins Univers i ry  i ' } rcss,  1980).
P. I Ianle, Rringina Aerotlynntnics to Atnericn (Oambridec, MA: MI-l- Prcss, l9B2).
I. Mcirrtyre, l)o,q't ' ight: ' l 'he'l i tnsntlnntic IJnttlc aucr l l irbrrs (Wcstpolt, C'[ ' : Coon,

I ) r lcgcr ' ,  1992).
M.S. Nolan, l i tn.dnrncn.mls of Air' l ia.fJit-L)ontrol (l lelmont, CA: Wadswr)rth, 1990).
Il.l. Scrling, H,tzL,orrJ Hugbcs'Air"linc: An InJ'orntal Historl' of 

'I-\,VA (Ncw York: St.
A4 ertin'-s/N4 ar'ck. I 981).

CHAPTER 5. CONSERVING MATTER AND MOTION

Suggested Mini-Laboratory Explorat ions

.  ( l r l i l co  anc l  Iner t ia  (Sec t ions  5 .1 )  anc l  5 .10) ,  i f  no ta l rcac ly  use t l  w i th
( . l r r rp tc r  '1 .

Suggested Major Laboratory Explorations
'  Exploring Force, Work, Energy, anrl Power.

This laborl tory is designed for the spr ings, han[ers, ancl  masses avai l -
ablc from l i rey Scient i f ic,  but the instnrct ions rnay be adapter l  to
cquipnrcnt f rom other vendors. Lr sctt ing; up the spr ing, rn ini t ia l
mass of 550 g is attacherl  to the spr ing (hanger + 500-9 mass) in or-
dcr to overcome the ini t ia l  spr ing tension. T'his is c lef ined as zero
m:rss, which may be confusing to sorne students. The laboratory cal ls
for the snrdy of nvc-r spr ings, i f  thele is sr i f f ic ient t ime. We usual ly skip
the second spring, in orcler to spend ntore tinc or] the energy con-
cepts which fol low.
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Project Physics Classic Videos

One-Dimensional Col l is ions. I
One-Dimensional Col l is ions. I I
Inelast ic One-Dimensional Col l is ions
l ivo-Dirnensional Col l is ions. I
Ti.r'o-Di rnensional Clollisions. II
L-reIastic 

-fu'o-DinrensionaI 
CoIIisions

Scatte ring of a Clustel of C)bjects
Explosion of a Cjluster of Objccts
Available in \4-IS and DVD formats u'ith new

ef-fects, Plty5i65; Chrcrnrt Cltrssics (Lexingtr-rn,
www.ztek.com.

audio tracks ancl souncl
IiY: Ztck Co.): http://

Objectives
' I 'he 

emphasis in this chaptcr is
thc conservation laws, and the

on the conccpts of energy, rvork, ancl powcr,
nrcc[ranical u,orld vicw.

Suggest ions

Iincrgy and its conservation are difficult corrccpts to gl'asJr, yet thcir prac-
t icrr l  s igni f icance is plofouncl.  Anrl  thc concepts of energy anrl  energX, cotr-
servatiott serve tcl provide rnnch oft the cornrnorr grounc[ arnong all nltr,rrll
s r ' i c t t c c s .

Further  Reading

G. Ilolton ancl S.G. l lrush, Physin, T'be Hurnnn Adacnfurc (Piscataway, N.l: Itut-
gers University Press, 200 l), C)hapters l5-17 .

C.E,. Su'artz ancl 
'I'. 

Mincr, Tlaching Inn'odu.ctor1, Pltysics: A Sozu'cebook flV<roclburl;
NY: AIP I ' rcss,  1997),  C)hapter  9.

A.B. Arcrrrs, .4 Gtidc to Introducllr1 Plrytics Tbnching (Nov York: Wiley, 1990), Churp-
t c r  5 .

ft.S. \Alestfrll, 
'fhe 

Consu'u,ction of'fuIolcnt Sricttcc: Metlsottiytzt.s nntl Mctltrttrir:r (Ncw
\brk Carnbriclgc Univcrsity Prcss, [978).

CHAPTER 6. THE DYNAMICS OF HEAT

Suggested Major Laboratory Explorations
.  Findine the Mechanical  Equivalent o1' I{eat.
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Further  Reading

C. Canine, I)renrtt Renper':'f/te Stot'-1' of'ttn Olrl-Fashionetl Ini;cntor itt thc Ili{/t-'l(:clt'

Ili,qh-Strrkc.r l,Ihrltl o.f'll4rtdt'rtt ,'lgriculturr (Chicaeo: Universitt'ol'Clhicaeo Press,

1ee7).
li. l{nrriecl, Tht Ortc Btst Ilirl': [;L'edcritli 14'insloiL'lh-1'107'"d t]tc I'ittiontt rtf-l:.llititnr-y

(Nerv York: Viking'Press, 1997)'

Technology Insert: Agricultural Steam Technology

Sloan Technology Ser ies Source

C.Caninc, f ) re imt l?enpcr : ' l -heStor l 'o fnnOld-Fr tshionedlu i :et t lor in thtHiqh- ' f tc l ) '
I Iigh-Stake.r LlbLll'of Mortcrn Agricultura (Chicag'o: Ur-riversitv of (lhicago Press'

1997).

0ther Sources;

I). I i i tzElcra)cl, I lcry<tncl tractofs: 
' l 'hc 

history rif tcchltology in Anrclican agricul-

ttre, Tichnology ntfi Ctrlrurc, 32, (1c)91), pP. I l4-26.

It. l ,cif irrswcll, ' l i t  Arne,iutn F'u*'[t 'ac!ot-: A l l istorl '  of t.hc Clas:ir ' ]) 'nrtor (Oscc-

o la,  Wl :  Mi t tor l looks Intcnrat ional ,  1991) '

J . ' I 'Schelbccker , l4 /hu 'e ' l tyL l / rT-br iar :ALl is tor l 'o fAr t ter innl ior r t t i t tg '16a7-1972
(A.rncs, I l\: ISU Press, 1975).

ll..C. Williar ns, Irortlsott, f'nrmull, and Poppin' Johnny: A Ili'rtoq' u.l'lhe I;itrtn 
']itctor

nnd lts Im.pact on Arncricn (chicago: Univcrsity oil l l inois l)ress, 1987).

CHAPTER 7. HEAT_A MATTER OF MOTION

f;
I

!
I

I
l

Suggested Mini-Laboratory Explorations

o 'lhree 
States of Mltter.

. FIow Do \Ve I(now'fhat Atorns Rcllly lixist? 
-fhe 

I'rrowniatrscol-rc

Suggested Major Laboratory Explorations

' Explc-iring l{eat 
-l}ansfer and the Latent IIeat of Fusion'

Demonstrations

One demonstration of thc concePt of entropy as disorcler involves the use

of rnarbles of nvo differenr colofs in a box. One color migirt represcllt an

ice cube or a small anlount of a gas, placed together in one corner of the


