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l l t r  [ i t t t trr i :  af ' ' l - t /ct ' i . ; ion (Nel \oi:1,:  I  Irrr-

I ' ,no1r f ,  199.5) .

Suggested Min i -Laboratory Explorat ion

. Ilou Do \\re l(nor,v T'h'rt r\tonrs Rcrlh'l'-xist? 'l'l 'rc 
Brou'r-rirlnscor)c.

Suggested Major Laboratory Exploration

" ,t\r'ogrrclro'.s Nunrbcr rinrl the Sizc anrl t\llrrss of a &Iolccule.

Demonstrat ion
' I 'he 

cf fcct of  a rnrtgnct ic { : ic lc l  on r ln clcctr , l i  l learn can easi lv be r lcmon-
stratet l  b1'  t r<.rvi t rg i t  bar rrr lg 'net s lou' lv torvlr t l  t l re stat ionlry bel l r  of  an
osci l loscc' lpe ()r  t () \ \ rar ' ( l  t r  tc levision ()r  cornputer nt()ui tor t l isplaving a st i l l
i tnrrge. Snrclents are usurr l ly ast<lnishccl  that thc bcr irn nrr ivcs pcrpencl icu-
lar ly to t l - re cl i rcct ion of inc:r 'casing f lc l r l  in lensi ty.  

- I 'hc 
r l i rcct ion can l tc prc-

dictctl r-rsing the Lorentz. frrrcc.

Object ives
' I 'h is 

chapter is the f i rst  <i f  three chapters that f i r l lorv the journcv iu 'warr l
to 'w'art l  an undcrstanrl ing o{t the atornic rr :alnl .  \A'hi lc the frrst  hal f  of  this
text culminated in relat iv i ty thcory, this half  of  the text turns towarl  r t torns,
the cclrresl londing contenrporen thccirv of their  bchavior-( lui lnnlr l l  rne-
chanics, anr l  areas of physics that have ernergcr l  f i 'orn this work.

Suggest ions

Revieu, the mater i l r l  on the electromagltct ic s l)cctnrnt i r - t  Sect ion 12.-5,
point ing out the prosi t ion of X ravs on the spectrunr,  as rvel l  as the change
in damaging effects of elcctromagnetic w'Jves l ts the frequency increases
above t l -rc vis ible rangc.

The laborator\,' on Avogirrdro'.s number shoulcl be preceded by a con-
siderable review of the ar i thrnet ic operat ions using scient i f ic notat ion.
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Technology and Medica l  lmaging:
Further Information and Points for

Sloon lechnology Scries 5ource

ll. ll. Iievles, AIrzAc/ to tlte Ilottr: Xlctlirttl
arvry, N-[: [{trtgcrs LJnivcrsitv I)rcss,

Study

Irntqing in thc Tucntietlt L)cntrul' (l)iscat-

l9()6\.

The Dangerous Costs of X Rays
' fhe 

publ ic l t t i tuclc tou,art l  scicnce an(l  techuology at thc nrrrr  of  thc cctt-

Rrrv,  containct l  interest ing cont lrc l ict ions. On t l re txte hlncl ,  the <i l l t i t l ' r ist ic:

spir i t  of  / i t  le -r i iL: le incorporatcd a celcbrat ion of thc scicnt i f lc ancl  tcch-

r iological  devekrl lnreuts of the i l revious t lccrt t lc.  I Ior.r 'cver,  r t t t totrg othct '

segrnents of the l tol t r . r lat iot t ,  thcrc was lr l  equalh'pen'asi l 'c [ecl i r lq that

t l - rc i ldsstr ial  rcvolut i r ln hir t l  l recn ir  t le hurt tr t r iz ing cxl tcr iet tcc, r t t lc l  those

rcerl t  technol<igicl l  l t ( l \ .a l tccs wcre threatening to intel lcctul l  atrci  r l l l tcr ial

culrure.
-lhese 

c()nflicting vier.r's, cotrcet't.tit.tg the llcnefits of tcchnol<lpX', 'uverc

n6u,here llore tpparent thatr irr thc rlcyeloplretrt of X t'x1,s. p,rt this ner,v

discovcrl, promiscrl t() Lurc()ver rliscrses previously' hidclcn fi 'ottt the llhysi-
ciarrs '  gaze, r ,vhi lst  i rscl f ,  l lso l rarbr lr ing hiddcn chnget 's t t f  cx1-rt lsure to l 'a-

cliatiori. 
'I ir 

cornplicarc the cliscussirin, the bcnefit:; o{t X ravs for rneclicrrl

proceclllrcs u'erc eviclent fronr the vel')' beginning, 'lncl the bttrtrs ttrlt :;rtrnc-

t inrcs occurrccl  at ter long exposnre t l id uot () t t twcigh the trenct l ts.  I t  u ' i ls

t 'errs i refore the hr l l  extent of  s ir lc cf  l tccts '"r 'oulcl  nr lni lest tbctr tselves i r l  the

form of c irnccl 's in thcise too heavi ly radiatet l ,  includir-rg '  thc ;rh1'sic iarrs.  I t

is 1-roignant, that lltl ison, ts onc tlf thc nrost arclcnt sullportcrs o{t X rltv

t" .hr-r ,r l , ,gv i rr  i ts ear l t ,yetrs,  bccaine r ine of the f l tst  to t t t l ' l l  h is l lack or l

X r:r\rs, es he calne to believe that thc bcncfits clid rtot oulu'cigh the ctlsts.
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Evcrrt t r ' l l l r -  sr.r t l ic icnt shiel t l i r rg r i ' i t l r  letrr l  r r" .rs r levclopet l ,  rv lr ich l r ' : lpei l  t ,  t
rc( lucc the r isks facei l  bv thc nhvsit- ' i r rns.

' I -his 
urecl ic l l  l r -rc l  Prr l r l i r '  r ' l isc, ,ulsc () l r  the sir le r : f fects of X r i i ts crrr jcr l

over into r lefntes conccrning the vai ' ious ntcr i icrr l  i rnrrqing tccl- inologies thir t
cntergcd throughor-r t  thc ni 'e-nt ieth c:entrr lv.  

' I -hc 
srrrne cost-bcnel l t  i rnl l t ' -

s is n ' ls appl ict l  t t i  the t fung'cr of  r l r l i r t ion h-onr N lrrvs i rr  thc f l rsr hal f  oi
thc ccntur l- ,  r l rd the possiblc cI- fects of the nrrrgnet icr f le lr ls of  Positron I i rnis-
sion Jirnrogrrphr, ' in the scc<ind hl l l - .

How Art and Li teratLtre Responderl  to
Roentgen's Discovery
-I 'he 

inf lucnce of X rr \)s on t l rc brolclcr intel lcctuel culnrre i r t  the rr ,rrn o{-thc
cennulr, in plrrticular, art, l)()ctrv; antl l itcrature, r,r,' irs pcrvasive. Artists wcrc
cclnft'ontecl u'ith new iur'lges of tl-re hunran botly, r.vhich tl)cy lclcterl to, nnr-l
took in as pr l l ' t  of  thei l  f r rmcs of rcf-crcncc. 

' l 'h is 
is plr t icr .r l r rr ly rr l lprrr-cnt in

the culrist trrcliticrn thrt erncrgerl in thc first feu, )'errrs of rhc twcnticth cen-
run..  I I . ( ] .  \ \ t l ls t rccan' tc otrc t>f thc f l rst  to inc<irpr irate thc l l rvths thrr t  lvclc
srrrr,r,ir-rs arciund X ravs, in his storv I-he ltnti.riblt'IIu (1897); although hc
reversct l  the pr inciple, so thr l t ,X rr1,s rvoul<l  c lnrsc hrrrnans to Lrccorne invis-
ilrle rirtlrcr than visiblc. In 

'I 'hornas 
-\Iann'.s A.h,qtc A,lountnin (1924), I Ians Cas-

torp is X ravcd, to exalninc his tubcrcular lung. In I939, I lo l lywoorl  t r iok
hokl of the thenre . crc.rting Sr-rpcrrri.rrr ."r,itlr "X-ra1, .u'isir.rn."

lmp l ica t ions  fo r  Gender  Debates

1'hroughor.r t  the century' ,  r 'nct l ical  i r rraging technologies hlvc nlso l -rar l  i r rr-
pl icat ions frrr  genrler r lctrr tes. T'he <l iscor, 'crv o1'X rays at the ent l  c.r f  thc
nitretecnth ce nnlry gl l \ , 'e the r t- t l le r lornirratct [  nrer l ical  prof-ession access'  ' , rnd

contr 'ol  over,  previously hidt len l tarts ol t thc wt irrrarr is boclv.  I Iowever,  there
is also rt convitrcing arL'uIItent tltlt srt\, 's X rltl '5 r'eclucccl thc n'rale ancl fenale
lrociy ' to the slr t re col lect ion oi  t roncs, r .v i thout t i rc trar l i t i t inel  c l i f lcrcrr t iat-
ing feanrres, such as bre:rsts.  Anothcr i l rgurncnt is rhat thc ncr. i . technology
cl ic l  not actul l lv rencler vis ible u'hat l - racl  not alrea<ly bcctr  v is ible througlr
sl l rgerv, c l issect ion, lnt l  atratonric l l  c l rawings, which hrrcl  becn inregral  pirr ts
of nrcdical  pract ice for ce nnrr ics.

Quest ions c<lncet-ning the u'omanis t lodv in rne<l ical  cul f t rre also arose
during- the clevelopment oF rnamrnogrems an(l  ul t rrr-sound technologv. ln
the case of ul t ra-sor.rnd, pregnrrnt \ 'o lnen could for the f i rst  t ime be seen
t() carrv foerruscs at rrarious stages of develcil 'rnlent in thcir womtl. Sonre
people thought this chal lenged trrdi t ional conceprions of nrotherhoocl,  and
nrecl ical ized the treatntent of t l "re mother ancl baby eve n furthcr,  adding fuel
to tile debate over urbt>rtior-r.
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Legal and Forensic Aspects of Medical  l rnaging

The use of X ra1's as a tocil in rnedical diirgnostics, provicled, fbr the first
t i r rc,  r  picnrre of r  bul lct  in a pat ient ls l roclr . ,  r i r  an i lnage of a broken an-
kle. Lecal ancl  fcrrensjc debate-s over rhe adnrissibi l iq 'of  these image.s in tr i -
als provir le intcrest ing : l rel las for examininq the acceptance of i rnaging terch-
nologies, both inside the n-rcrdical  comrnuniq' ,  as u'el l  as the u' idcr publ ic.

Ouotes  H igh l igh t ing  In rpor tan t  l ssues

"Looking back, i t  is harcl  to utrcle rstancl hr>rv deeply '  ol)eqlre thc u'orkl ,  ancl
the  hunran b t td l ' ,  seen ' re r l  to  ever ) .one bc f r r re  1896. . . . ' l ' h rs  u 'as  a  u ,o r ld
u'here men and \ \r()rnen wore scvcral  laycrs of c lothins in el l  scasons
u,here full-length nrirrclrs \\,crc a luxury and lew p",4rl" ever sa\\r, nrrch
less exanrir . tecl ,  their  ou'n nakccl  bodics. Skcletons, u 'hich ct iulc l  i rer seeu orr ly
,r f ler c leath, qui te rertsonabl l '  5y1n1lol izccl  c lcadr. ' l -his era y,as drawing ro a
close in the rrr id-1[3()0s, ancl  the cl iscoverv of X ravs was out:  of  t ] rc nai ls in
thc coffin rif \lctorian pruder1,."l

()eorge O.. f  c i l rnstott ,  prcsi t lent of  thc Amcricrrn Rocrrtgclr  Rir1, Socictr , ,
rel t tonstrate c1 in 1909 that:  " thc apparattrs of tor laf  is olrsole tc tonrorr()w.
There is a constant rrrce lrefi.veen our pocketboclks ancl thc inventivc q'e-
nius of the up-to-r latc nranulacrurcr." l

"  as l  c ir" i l isrr t iorr ,  perh' lps evel l  rrs r l  s l )ecies, u,c l ike to look, l ike to
I t iok thrr i r . rgl t ,  and l ikc to look at ancl  thrrrugl ' r  oursclves. ln l r l rck arrd u,hi tc
:rnd in color,  i t r  nvo-cl i tncr-rsionl t l  s l ices or i l r  thrcc-cl inrcr.rs ic inlr l  volurncs. in
fr<lze n instatr ts,  ot '  ntovingl \c( l l rcnccs, thc X r: iv rrrr l  i ts t l r rug'htcr tcch-
trr l l<tgies sccl l t  to sat isf 'y ln innl l tc cur iosi ty t()  sec ourselves rr lker l  to thc
I  r t  {

l ) (  ) l ) c .

Further  ReadinE

Science ond Technology of X Rctys

Ir.l L l lurrrxvs, Pioneo'.t itt thc Lrrrfi, ) i ' trr ' .s: , l I l i .rtory of l]r it i .rh l l trt l iohpl' (Altlcrncy',
(lh.rnncl Islar.rds: Oolophon, I 1)86).

A.li.l)er.is, f,/ltlicine ntttl irs Ticbnoht,q,: ,tln Inrroduction to tltc IIisrlt',Jt of-A.,Iuliw/ ltt,
sfrutttcutnt iotl (\ 1e stl)()rt, ( l ' f : ( irccn',vood l)rcss, I 98I ).

l i .  ( ]u inrr ,  , l l r r ic  L 'ut ' ic : .1Li /c  (Ncr . r ' \ i r rk :  S inron ant l  .schustcr ,  l9( . ) j ) .

'  I i . l l .  K r rv les ,  \ ' , tAL l  to  t / , t  l i o t t r ,  p .  l , ) .
I  ( i - {1 .  . lohr rs ror t .  I ' r cs i tk :n t l s  , \ r l r l l css ,  . l r t c r ' .  ( l t r rn ' t .  l { t tn t t t ' r to loS\ ,2  ( l ( )09) ,  5 l  j5 .  (J r ro tc r l  in  t i . l  I
I ' c r  l cs ,  \ i r l r1  ta  r l , t  l Jan t  p .  ( t l .
'  B . i l .  Kev lcs ,  N, r l , . r t !  to  r l , t  Bur t r ,  p .  i ( ' ) ) .
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D. Dodd end RFi. Gold, Thc histon' of marnnroqrapht', ln: I lad.iolttg1' Cctttctt-

tt ir i l  I 'Ltluuta (Ncu' \ irrk: Anrericrrn Oollcge of l{adiologr', 1996).

G<rldbcrq and B. I{inin.rclrnln, X'ltdicnl Dingnottic Lllrnttotrtt i l : .1 l?ctrl!cit i i 'c 011

its thh r' l i lrt i lcrsarl '(Nor' \brk: I lastrnln l(odrrk, 1988).

Pol i t ics

\\r.F. l ' langes, X{il i tarl rctctrtgcrnoloS}', In: 7'hc Stietttc rt-l-Rrt'/ i"/o,q\', ctl '  () '  ( l lrsscr
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Economic and Technologicol Change

S.S. Blun.rc, Insi,qht nnrl lrtlustrl,: ()tt thc I)1'pnrrir,t of-Ttchttologicnl L)httt{( in Mt:di-

c i lc  (Cunbr ic lsc,  l \1 : \ :  \ [ l ' [ '  P less,  1992).

CHAPTER 14. A OUANTUM MODEL OF THE ATOM

Suggested Mini-Laboratory Explorat ions

. Spectrosc( )l)\,.

.  ( iur Placc in Sl lace, esprccial ly ' thc exercisc: in construct ing at scalc l l lode I

<l f  thc hyclrogcn atol t t .
.  l . i { - T l r t  l u t l  ( . , , 1 , r t ' .

Project Physics Classlc Video

" l { l thc r f6 rc l  Sc- -a t te r ing" .  Ava i la l l l c  in  V l lS  ar rd  DVI )  f i i r ln r ts ' , r ' i th  t t r :u 'a t r t l io

tracli irlrl s6uncl cf-fccts, /)D.y.ir'n: (,'ittttttrr L'lttsits (l-cxir.rgton, K\': Ztck (,o.):

htt t ' r : / /rvr i  r t  .zl  c k.cottt .

Objectives
' I 'he 

rnater ial  in rhis chaptcr lnr l  in the pt 'evious one is l t rescntccl  rs a dc-

tectiyc stclrv lcarliug to 2tn r-rntlcrstantling of thc stlrlcrurc of t hc 2lt()Irl. Tl-resc

chlpters.,r , -rr ,") ,  l roth the cxci t ing trrr i l  of  rescir t 'ch and thc er l ler i t t lcntal  l la-

sis of each clue al<in14 t l te u' l \ r
\\ 'e hrl.e attclnpted to grounrl as rnuch olt the ntaterial as ltossiblc in the

ernllirical evitlence' Itr fact, l)lrt ()f the "trl1r5lel-)""ul'l ls t() :lccottltt fi lr the enl-

ll ir.ical evidcncc, slrch as rcg,'r"rl '.rritics in sprectrosc()p\', dte Il '.tlnrer f<rrtnr'tla, '.tlrcl

ihc st,rbiliq, of tton.rs, that lucl been nrountinq fcrr Intnv years. Strlclents

shoulcl  alrpreciate the inabi l i rv o1-classical  phvsics to acc()unt lbr thcse phc-

lrol ]c1A1 alr l  thus the r ieecl  f i r r  l  ucu' theor\ ' . ' l 'hc\ ,should,r lso ztpprecir t te

tire rc.volutionar\,' nirtul'e of tlrc quturt1llr iclea, as Ilinsteirr plrt it, in thc ;lrc-
yious chapter, anrl thc pniblcmatic \/et tantalizingli, ' successhtl IJohr nrodcl ol
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t l lc  r tonr ,  presented in th is  chr l ; te i ' .  I 'hese l l r rv ic lc  g(x)(1 ex i lnrp les < i f  thc

str r . rgglc  of  nrot iern p l ' rvs ics to uudcrstan( l  nc\ \ '  l )hel r ( )nrenr ,  r . ihcn thr :  i tva i l -

a i r le  conceqrturr l  r rpparrr rus f r i r  r rnr lcrstarr r l iug r r l l l )c i r rs  inr t t lcr l t r i t te  to thc tas l i .

SL.rEge st ions

Bcfore bcginning-,  r 'e l ieu t l rc Pcr iocl ic 
- l l t r le,  

rs pfesente( l  in the previ t . rrrs clrap-
te r .  Remint l  stuclents of the 1r ' rc i ln ing of atonric nurnl)cr nnr l  atornic rnrss.
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Object ives and Suggest ions for  Achiev ing Them

ln t lr is chaptcr \\ 'c present the l iasic ir icirs anrl inrir l ications of r l tranturn nrc-
chanics, alc lng rvi th the cxPerinrental  cviclcnce ancl rcr lsolr ing that lecl  to
these ic leas. StLrr lcnts r ,v i l l  f ind nrany of these ir leas strangc and even dis-
c()nccrt in[1. St inte r t t t t r , ,  rc:sist  their  l lcceptrnce, j t tst  r t r  l r r l tnV phVsicists di<l
an( l  cont inuc to clo.  Sruclents sl-roulcl  be reassured that their  c l isconrfort  is
u,el l  f i runderl  lucl  shrrct i  t r i t  pxly others. 

- I 'he 
currerrt  interpretet ion is st i l l

ct lntroversial  ancl  the theory i tsel f  rnav trnclcrgo siqni l t icent chlnges in thc
h:nrrc.  Horvevcr,  as with rr i l  t l rcor- ies, i t  is the bcst unclerstanding th: l t  we
c:rrn achicvc at prese nt on the basis of our stur lv of the cxperirnental  evi-
dence. The n'rain purp()sc is rrot  t {)  ct}nvincc st l idents that thesc idels are
the correct ones, but to clcscr i l re ol l r  cr l rrent understant l ing of the rcasons
r,vl-ry we currently accept this inte rpir-etation.

Althouuh rve refcr br ief lv to al terrnat ive interprctr t ions, u 'e have not i l ro-
vided anv discussion here of some of the currenth'  v irrble proposals,  in the
interest of  f i rcusing ()n thc esscnt i?ls.  Sruclents and instructr>rs n,ho rre in-
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terested in ftirthcr erplorintt tlresc icleas or some of the pxrpclsed alterna-
t ive interpl 'ctat iol ts are ref-erred to thc f1, ' - r1-" re rr l in.
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