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lrjstory of tcchnolorf) ' in Arrrcrican aglicul-
ture,'fcchno/0,q, nn.,l Cuhu.rc, 32, (1991), plr. I 14-2(t.

l{. Lcffingrvcll, ' l ' l : t lnnritrut l inntt 
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t1 I I istnr1, r{ tbc Clns:ir ' ]) 'nctot'(()scc-
o la,  WI:  Motor l rooks Internat ional ,  1991).

J.il-. Schelbccker, Wcreby U/c 
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A I'listorl rtf'Antericun Fnrruhg, 1607-1972
(Amcs,  lA:  lSt l  [ ) ress,  197.5) .

R.C. Williarns, Fordson, ['u'mall, nrzd Poppin.'.tfohnn.y: A llistorl, o.f-tha fi'nrtn']i'tct:or
nntl h.r )mpnct on Ant.rt ' icn (Chicago: Universitv of l l l inois l)rcss, 19t37).

CHAPTER 7. HEAT-A MATTER OF MOTION
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Suggested Mini-Laboratory

. 'fhree 
States of N{atter'.

. IIorv Do We Iirow'fhat

Explorat ions

Atoms Re:rlly l'.xist? The Bror.vnianscope.

Suggested Major Laboratory Explorations

. Exploring I{eat 
'lransfer 

ancl the Latent l{eat of Fusion.

Demonstrations

One dernonstration of the concept of entropy as disorcler involvcs the use
of nrarbles of twc,, different coiors in a box. One color might represellt an
ice cube or a sn-rall amount of a gas, placed together in one corner of the
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box. The other marbles wili represent air rnr_ilecules. ,,M/arm,' the arrange_
ment b.v-gent l l 'shakine. Discuss what happens, ani l  the pr-obabi l i ty that f ' r_
t l -rer shaking may br ing rhe marbres back into their"or- iginrt  , r .nirg"-"rr , .

Conlputer simulations and vicleo examples of Brou'rian nroricip can t-re
used in conjuncrion u.ith the Brow.ni:rnscope.

Dernonstrat ions of some aspects of t rre idear ers raw using a bal loo' .

Objectives

Jtie,sc 
two-cl-rapters (6 and 7) introduce students to the srudv of heat ancl

tire llrvs of rhermorh,'namics, ancr to the kinetic-morecular tlie.,ry of rnat-
ter as one way of undersfanding the befirr1,ior of gases and tS"r.nr,rdi,nrrrric
propert ies. Chapter 6 aims to shol l ' the narr-rrc, i l i r rr l rortance of therrr .-
tlynatnics arrcl its connection with tire risc of sreamle',gine technology.
Ohaptcr 7 also aitns to shr-rw thc irnl)orrance and narure o? thc .t,,,r,i. l if-
pothcsis and the kinetic theory r, orr" basis for providing a sulr-nrjcror.opi'.,
mechanical  account of such .racroscopic phenorncu. , ,  t l . ,a laws of rher-
rnocl l '11111nigs ancj the ideal gas lau,.

Suggest ions
-Ibgcther, 

rhesc twr..clupters (6 and 7) c'ver a gr.cnt de:rr .f physics co'-
te nt as wel l  as Provi t l ing inrporranr examprcs of r l ie processes ,r i t l i "ory. . ,n_
st l l tct iort ,  t rrodel i t rg,  and thc signi f icance of thc ai . . , rrr ic hypot6csis.  13'rh
chapte.rs also enlphasizc tl-re crxrncction of thcse clevc,l,rprne,rts rvit; t6e
errlergitrg stcam technology an<l thc Inclustrial Revolution. -I'hesc 

tlrerncs
u,ill 

_cont.inue thr-ough rhe c<lming chapters.
Mary .f the c()acepts here, such n, tan',p"anmre, ato.1s, enrropy, pres-

sure, ancl so on, are fundamental to all of phvsics. (I{owever, the pcriodic'rhble 
is not inrroduccd fbrmally u.ril cliapr e'r 13, probing tbe Atorr.) Le ave

as tnuclt dne as possible for snrclents to assinrilate the rn"aterial. 'I 'hey 
rnay

lrave encoun tercrl stinre of tltese concel)ts,in the past brrt their unrlerst,r,-r,l;n!
of t l rcrn is r . r f ien only palt i r i l .  Studurts sl lorr l<l  also have rrs nrr-rc6 opl)ol . t r :
l l l ty as pc'ssi l l le to ettcoLlntcr thc phenornena nncl conccpts i1 thc Iabora-
tol  in paral lel  with their  reading of the text.

Fur ther  Read ing

(l' I{<rltcrrr a'd S.G. Bnrsh, prt15isv, The llu,tnn Adt,enture (piscatarvar,,, NJ: Irut-
gcrs Universi ty,  Press, 200l) ,  Chaptcrs lg,  19, 22.i
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(1.E,. Snartz an<l 
'I. 

N'l incr, 
' fcnrhinq 

Inn"odttctor'.1, PDl,l is: ;! Sourccl,ooli (\\bodllurv,

NY NP I ) ress,  1997),  Chapter-s 10,  1 1.
ll.C. \ron Bire\.er, fuIn:ri:,:ll's Dcntott: 141t.1, 11,t711,,v1, Disperxs nnl T-ime Pzr.r'rr.' (1 rvot'

\irrk: lirrnclon.r I'louse, 199ti). P';rpcrbltck LI'hrmtlt Dirycrsct nnl 
'l'irrrc 

Pas.rc.t: 
'I-l.tt:

I l istat'.1' ol ' IIant (Nor' \brk: N4otlcrrr Lilr larl i 1999).

Snrdents rn ight  a lso bc encouraqe( l  to  uncler t lkc some outs ic le rea( l ings that

cxpress thc jov and u,ondcr of r, l iscovern', srrch as thc biographic,tl or ntto-

b iographicul  u.or"ks of  l ien jarr r in  Fr ' . rnk l i i - r ,  Rich ' . r rc l  P.  I ie l ' t1vv1x11,  : ln( l  ( ) thels .

CHAPTER B. WAVE MOTION

Suggested Mini-Latloratory Explorations

. Light and (lolor'.

Suggested Major Laboratory Explorations

. Investiglt ing Waves.

Project Physics Classic Videos

Supcrposit ion
Standing Waves in a String
Staniling \A'aves in a Gas
Four l ,oops on Mbrat ions
Pcople anrl  Part ic lcs

Available in VIIS ar-rd DVD fcirrnats with
fccts, Phy.ric.r: Cincnut Clus-rics (Ler.:.ngtor-r, I{Y

new rudio tracks and sounri cf-
Ztek Co.) : http://wwvi,. ztck.con-r.

Demonstrat ions

A4any cif the wave ancl optical effects discussed in tl-ris chapter can and should
be demonstrated in class, with str:clent participation, as u'cll as explored in
the laboratory.

P<-ilarization can be strikingly demonstrated by usrng wo pails of Po-
hroid sun glasses or the three-dimensional eyeglasscs cut'rently usccl in
tl-rree-dimensionaI Imax presentations. The three-ilimcnsional effect is gen-
erated by nvo projectors alternately prcijecting images on the screen that
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are polar ized perpendicular to each other.  Each lens in the glasses al lor.r 's
only'one of the ru'o polarized inrtrqes to pass. By rotatin{ the lenses of nvcr
pairs of glasses, the polar iz ing af lect is evident.

Objectives

\\raves slroulti be snrcliecl in the labolatory. Most oI this cl-raptcr is only a
summary of some <,rf what stuclents rnight leanr there. Untlcrstanding ancl
recoglnizina wave phenornena are essential fbr understancling many irn-
portant conternporary applications and for undelstancling the foundations
of quannrm mechanics. Students shor-rld be able to clistinguish waves and
part ic les fronr the di f ferences in thcir  behar. ior in var ious si tuat ions. This
chapter also provides another exanrple of theory construction, ancl the te cir-
nological  impi icat ions of rccent advances in the area of electromagnetic
\yevcs.

Suggest ions
' fhis 

chaptcr again enc()nr[)r ]sscs many important new conc:epts, ancl  i t  pro-
vir les rnany opporrunit ies for hancls-orr experiencc r . l , i th wave and opt icrI
phenornen: ' r .  Such han. ls-r ,n cxpcricnce shoukl c losely pl lal le l  the f l rst  hai f
of  the chapter.

In an ef f t t r t  to lcduce thc numbcr of topics to r ln essent ial  rninimunr, \  /e

hrvc not i r -rc lucler l  thc prclpert icrs of lensc:s of thc eql lat ions pt ' r t rr in ing trr
ref l ' lct ion rrnd interferencc. Sornc excel lent laboratory i t rquir ics on opt ict l
re{lcction and re fi ':tction rrc provirlcrl by i,.O. McDcru'tott ct al., Plt-ysiu l'.1'
Inquiry (New York: M/ilcy, 1996), Vr[. 2.

Further Reading

Cl. llolton and S.G. llrush, Physics, Tbc lIuman
gcrs L ln ivcrs i t ) /  l ) rcss,  2001),  Chrptcr  23.

AdDcn tu're (l)iscatawav, NJ: I{rrt-

A.B. Ar<rrrs, .1 Guide to Introtluctor), Plt-ysics'Iiilchinq (New Vrrk: Wilcy, 1990), Ohrp-
t c r  Y .

(1.1.. Su,artz- urd 
'll 

Nlir.rer, 
'fttrhing 

Itttrotltrcrory I)|ry11st 17 Sota.ccltook (\4/oodlruty,
NY: NI)  Press,  1997),  C)haptcrs 13- i5.

I). Pzrrk, Thc Fire zuithin the Ej,e: A l{itoriml Dssol, 077 rhe I'httu'e and Mcnninq o.l'
[, ight (L>rincctorr, Nl: Plinccton Llnivcrsity Prcss, 1997).

It. Ijuderi, 7-hc lnaentiort 
'fhttt 

Chtn[cd tbe Ll/orld: Ilont o Srnnll (]r'oup oJ'Radtr Pi-
ottcer-s 11/an tha Scrcnd l4/urkl Witl' rrntl Launchcd u "lbchnologictl llez,olutiorr (l.lerv
Ycrrk: 

' lbuchstonc 
Books, 1998).

J. IJeclrt, Cir1, of 7;f6r, |'bt, Sror1, oJ'Fibu" Optics, (New Vrrk: Sloan Tcchnology Se-
ries, Oxfirrd Universirv Press, 1999).
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Technology Inser t :  Radar  Technology

Fur ther  Reading

Sloan Technology Ser ies Source:

l{. liirrlc'r'i, 
'l'ltt' 

Ittz'arttittrt'I'Jtnt C/tnrt'lcrl rl:t J,lIttll: llor.r u Snt// (}roup of'llntlrL"Pi-
ottect's ll/on tltc grror} LVcu'l,l lLlu tnd Lnunrl.ttl n 

-ltchnolo,qin/ 
Ilei'olutioa (Ncrv

Yor l i : ' lbr rchstone I looks.  1998).

Other Sourcc-s;

R. i laldrvin, Thc Dttdl_t Fu:e: Sccrc/ LLlupott o.f Ll4trl l  l : ln' l l  (San Rahel, (lA: l lrc-
s ic l io  Press,  1980).

r\1. Ilertolottr, lV'[nsers nttd Lnscrt: ,.1n Ili.rroricnl Appnnt:h (l]ristol, LIK: llilgcr, 198]).
IJ. IJr-ucc-Briggs, Tl:c Shidrl o./-Fnith: A Chroniclc o.f'stmregic DcJ-ense Ji-om Zepplins

ro Stnr / ' /ar.r (New York: Sinron ancl Schustcr, 1988).
R. l iurns, ed., Rndrn'I)euelopmcnt to 191i (l,c>nclon: Percr Per.egr-inus, 1988).
fl. l i . ( lall ick, X4etrcs !o Miu'oir; in;t;r (l ,onclon: Pcrer I)ereg'rinus, 1990).
l l .  Cla lk ,  T iznzl  ( l -ondon:  Mcthucu,  196-5) .
A,l . l l . Clorclcrn ancl I l. l ,.. 

' l l 'ainrir ' , ' I 'ht: 
Cicnu'nl 's I4/nr (l loston, MA: Litt le lJrown,

|  ( x ) j ) .

I l . l .. Guerlac, )lndar in World I '; l /nr' l l  (Ncw \brk:'Ibmash, Arnericrrn Institutc Frrr
I)hysics, I 987).

I'.1 l. I Iinsley rrncl A. StripP, eds., ()otk:braakers: 'l'he 
Inide Stor1, o.f lllctchlel, I'}at l; (Ox-

for<I ,  Ul i :  Oxford Univers i t l ' I t rcss,  19947.
R.V. Jorrcs, The Iliz,n'rd I,Vnr: British Scienrifr Inrelli,qtnrc l9i9,l 91t (Ncrv Yorlt:

Coward,  McClann & ( icoghcqan,  1978).
I{cvlcs, Scicntists, t l-re rl i l i t :rrv, and the control oI posr$'nr rlcfinsc rcscarch:' l ' lre 

cirsc: of.t lrc l{cscarcl 'r Bolrd firr National Sccurity', 194146, Ticltnologl' apal
C'uh urt: 16, (197 5), 20-47 .

S.W. l,cslic, Tlta Cold Wr nn.d Ancricnn Scicnce:'l'he Milir.nrl,-Inlusn-inl tlcudrnic-
Conrplex nt MI'I 'nntl. SrnnJbrd (New York: (lolunibia University Press, 1993).

J. Nisscn and A.\\L (lockcril l , W'inning the Rndnr l, l 'ru'(New York: St. A4artin'.s,/
Marck ,  1987 ) .

-f .S. lt igtlen, Rthi: ,Scienr.ist and L'it iz.en (Ncw.York: l lasic l looks, l9ft7).
C.P. Snow, Science ontl Goaern.rnmt (( '. l :trbridgc, NtA: l larvarcl Univcrsity Prerss,

1962).
'Ibcrmay, 

Ilndar Princiltles Jitr the I'Jon.-Specialirl., 2ncl cd. Q\ew York: Var.r Nos-
rr rnr , l  I t t ' in l ro l r l .  1989)

CHAPTER 9. EINSTEIN AND RELATIVIry THEORY

Suggested Mi ni*Laboratory Explorations
. Relative A4otion (Secdon 9.3). if nor alreadv nerfornred.
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Computer Laboratory Explorat ion

"Sprcet i t rre:  . \  Oornputer E.rcursiorr  into Rrlat iv i t t  Theor-r ' "  is brrscr l  rr1 'ron
tfr t  r t rr  rrr '<l-u inning sottu ' : rre l )r()q-rr trr)  .Spt.r t inrt ,  l r t  I ' - . I ' .  Tirr ' l , r r ,  , - \nrclrc ' rrn
Inst i t t r tc ol  l )hvsics, i ) i rvsics . . \c:rr lcrnir '  . \of ' t r l r rrc,  l9()  1.

Videos

Ilinttcitt: T'bc Pt'itnrc 
'l'l.totr(l-tt.r 

ol t Ptl,lit Gt'ttitrs, Novr Prorluction,
\ \ ' ( lBI {  Boston,  \ ts t ror . r  V idco,  1979.

.'1. Eirtstcitt: Hoz:, I Sct tbr: Ll/0ild, PIJS Honre \i<-lco, n.tl.
SprcL, ' l ' in tc .  r rn l  . l lbct ' t  E instc i t t  ( \ \ ' i l rner tc ,  I I - :  ! i l r r rs  Inc. ,  1979).  , ' \n  ex-

cc l lent  survev of  the nrr r r . r ,  h is  in f lucncc,  l . rn t l  h is  re l : r t iv i tv  theor ics.

Objectives

In th is  chaptcr  snrr lents shoulr l  appreciate f i rs t  hanr l  the capabi l i t ies r rnt l
l reauw of  en essent i l l  parr  o l 'conrern l torarr ,  phvsics.  N' loreovcr ,  thev rv i l l
ga in i l  sensc of  personal  r tch ievernent ,  i l ' thet  hrve not  rkrne so i r l rear l r ' ,  in
corr rprehenr l ing a 5uhjsct  that  ln( )s t  u, i l l  be l icvc at  l l rs t  t ( )  l )e  l i l r  l levorr r l
t l rc i r  c lpabi l i t ies.  Str r r ler r ts  u ' i l l  a lso le : r rn l l rout  l  t r 'pe of  theorv t l r l t  I ras
s i rn i l r r r i t ies u, i th  ( ,operrr icus ' .s  approi rc 'h ,  ant l  thcv u, i l l  hr r thcr  lpyrrcc i r r t t '
hou r t ta themat ica l  e. rpressions can hrrvc pro l i l rn t l  l l l r i ,s ica l  r l leaning.

Suggest ions

(  ) r rc  of  the t t tost  d i f l lc r r l t  c( )ncepts is  th l t  o f  re lat ivc nr( ) t i ( ) r '1 ,  cvcn th()ugh
thc grotrnr l  h : rs  a l rcr rdv bccn l l rc l l i t rc t l  in  prcv ious chrrprcrs ant I  in  Ia l ror i r -
tor l  rvot 'k .  Snr t lents shotr l r l  carcfu l lv  snrdr '  < l r  restut l l  thc ln in i - la l r ( ) rat ( ) r l
explorat ion orr  rc l l t ivc nr( ) t l ( )n.

Fur ther  Reading
'I 'hcrc 

is :t great deal of l i tcranrre ar':r i l :rtr lc f irr instnrct<lrs anrl snrtlcnts ()rl
I: inste in :rntl the thcorl, of sllccial rclativirt,. [..xcellerrt ldvice ()n ])rcscnting
this rrtriterial is offered bv A.B. Arons, .1 (iuitk to ltttrt lrrt ' tor1, Pb.ysic.r Ti,tclt
lzg, Secti<rr.r 10.12, anri (1.E. Swartz. anrl 

-l-. 
N{iner, 7bilcl: itrs lnfi 'odrrrtotl,

Pb.ys ic . r :  . l  Sotu ' t tbmk,  Ohapter  f i ,  "Refcrence Franres anr l  Rel : r r iv i t \ ' . "  Sec
a lso:

I). (l:rssit lv, Einstcin tnd Our Il lr ir l (r\nrhcrst, N\': Pronrcthcus Books, 1995).
A. ir instein, ldus tnd Opiniuns (1'Yerv Yrrrk: lJolrirnzir l iroks. lgflf l).
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A. L.insteirr, l?tthtiuit),: Tbc Specinl and !ltc Gcttcrtt lThcor.l,(Nor.\ 'ork: Ororvn, 1995),
and urrnv other  cdi t ions;  or is inal ly  pul l l ishccl  1917.

A. F.irrstr: in, Tltc l..I/or/d,'1s I Sea 1l (Neu'\trrk: Citadcl Press, 1993).
i\. Ilirrstcin and I.. Inf-elcl, Thc Lt,olutiott o.f'Plt-ysit:t (Nelv \brli: Simon arrcl Schus-

r c r , 1967 ) .
A. l icrlsirra', l lbcrt l i insteitt:A Biogrnphl,, [). Osers, transl. (Neu,]brk: l)cnguin, 1998).
P. Iirarrk ancl G. l{oser-r, [iinstcin: IIis Lifa ontl 

'firncs, 
rer'. ed. (Nerv \'<rrk: D:r Capo,

r 98e).
,V1 . (ialrlncr', I icltt iuit-1' Simp/l 'I.*1t/nint:d (Nc:rv York: l)ovcr', I997),
lJ. l lol lrn:rrrrt, r l lbert Einstcin: Crcntor"ttt l l lcbc/ (Ncrv )brl<: Vikinpl Press, 1972).
(). I{olton, L,itt.rtcin, Historl, ond Other Pnssiotts (Canrbridqc, MA: Ilarvard Univcr-

sir\, l>t.ss, 2000).
(1. IIrrlton, 7-/scutntic Orisins of Scicntifc Thougl:t: Kcplu to Ein.rrein (Carnbridqc,

A,1A:  l lervarc l  Univers i ty '  Press,  1988),  Par t  l [ :  "On Relr t iv i ty ' I 'heor \ r "
C). l lolton :rncf S.(]. Brush, Plt1t.si1;y,' l l :c I lurnnn Adrentut"c (Piscatrway, NJ: Rut.

scrs Univcrs i ty  Prcss,  200 l ) ,  Chaptcr  30.

J. Stechel, cd. ancl transl., Ein:tein's MirnctLlotrs lbnr: Fiue Popet's'l'hnt Chftnged the
Iincc oJ'Ph-7,5i1;5 (Princct<lr.r, NJ: I)rir.rcct<ln Univcrsity I)rcss, 1998). Contains
t ranslat io l rs  of  the or ig inal  papcrs of  1905,  inc l r rc l ing thc f i rs t  two ( )n specia l
rc lat iv i tv . ' l ' l icse are bcyoncl  thc scopc o1 ' t l r is  coursc)  but  s tuc lcnts rnay be in-
triguccl to scc thc original papcl's ancl to notc the sccmingly simple early pas-
sages. Sorne students may be encourlged to reacl furthcr.

F..Ir 
'Ihvlor, 

and -1.A. \A/heclcr, Spnrctimc P]tylis5 Introduction to Spcciol Relnt.iuit1,,
2rrcl ed. (Ncw Yorl<: l ircemnn, 1992).I l.\Vr>oll, c<|., Sotne St.rnngness itt the Pro-

|tortiott: A L'cntenninl Sympo.rfunn to (.'clrbrate tba Acbieucntcnts of Albart llinstcin
(l lcadine, &1A: Addison-\A/cslcy, 1 980).

Web s i tes

z\ .  I l inste in:  lm:rgc and Impact :  h t tp: / / rvrvv ' .a ip.ore/ l i is tory/c instc in
;\. I l i  nstcir.r: http://www.pbs.orglwgbh/no',, it lci rrstcin
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