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Sect i t tns 16.5 thror igh 16.  1 1 cor . t t r in  s<i r r rcu 'hrr t  rnore l t lv lncct l  n t i t tc : r i r r l
t lu t t  the c l i ' i ic l  scrct ions < l f  th is  chrur ter .  Sonre c l r rsscs nr i l l  bencf l t  1r 'orn th is
n t r t e r i : t l .  r i  l t i l t ' o t l t c ' i ' s  r t t r l v  r t , , t .  l r r s t l r r c t o r s  r ] , , , , , , , t  r l c t ' i . l c  l r , , r r  r r r t r r ' l r .  i l ' : r n i .
o f  th is  nrr rer ia l  rhct ,  u  is l i  to  rss ign to the i r  c l r ts : ;es,  or  t< l  inr l iv i r l r ra l  s t t r r lents
r t  l t , t  r t : t t  l r c t t c l - i  t  i r , , r n  i t .

Suggestecl Min i-Laborato!,y Explorations

r  l 'hc 
- l 'hrec 

St l tes of  Nlat te r .

Suggested Ma.jor Laboratory Explorat ions

. Explor ing I  Iel t  
' l i r rnsfcr 

i rnt l  the l - l tcnt I Icat r>f I iusion.
'  ]  nvest igrr t ing l i lectr ic ( l r rrrcnts I .

Objectives

A,{ost physicists todav r.vork i r-r  thc l le l r l  of  conrlcnse(l  nurt ter l rhvsics. 
-J ' l ' re

a l l i cc l  f ie lds  o f  e lcc t ron ics  an t i  n r r r tc r i r r l s  sc ic rcc  h r rve  r rn r lc rgonc  1 l  rcvo l r r -
t i t i r - t  in recent ycars, rr f lcct ing'  thc l ives of nelr ly evervone. 

'hdlryis 
scicr-r-

t i f lc l l lv l i tcr l tc stu(1e11ts ncre:cl  to J)osscss sornc i rrrs ic unr lcrstrrrrr l ing of thc
quantuln strucnlrcr of  nrutter ancl  i ts appl icat ions r , l 'h ich rrnclcr l ie crrrrcut
t levelt>pntcnts in t l ' re sc f  ie lr ls.  . \ f terr  c lcscl ' ib irrq thcorics of cont lrrct iv i ty anr l
supercont luct iv i tv r tnr l  the r isc of qui lufur lr  l rarr t l  str t rct l rc,  thc chrrptcr r l is-
cusses sejr- t icotrductors, serrr icout lrrct t , r ' r lcViccs, t r i r i i : ; i l ; ' . i i i : ; ,  l r rrr l  sorrrc of
t l t c i r  i n r P 0 r t r n l  u s c s .

Suggest ions
' lhe 

discr-rssion of seni iconductt i rs,  t r lnsistcirs,  ant l  their  uscs rnly bccorne
a little too abstr'1rct if stuclents cLl r-rot have lccess tt,i hanrls-on activiticrs rvith
sotne of thesc clcvices. At the moment thcre are no incxpcnsive, reacl i ly
avai l rrble instmct ional nrodels of thesc cleviccs. Oonrpute r  s iurrr l : r t ions rnay
hirve to suff lce uut i l  t l - rcse bccr>rne avai lable.

Thc inrportant to[) ic of  sol ic l  \ { ' r lstes coult l  not l re inch-rclecl  in this ci iap-
ter firr reesons of soace. \{,e include a lrricf overvierv' belcirv for those
stu( lents and instmctors rvh<i rnight f in, l  i t  of  interest and appropriate fbr
thc class.

Start ing u' i th sect ion 16.5, the n"reter i l l  involves mclre aclvance(l  concrepts.

U
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Sorne c lasses mar.  benef i t ,  u 'h i le  others nr i r \ ,not .  Sonre nra\ ' \ \ 'ant  t ( )  s l  ur l1 '

I l t i s  , r t t  t l t e i r  , - r r i ' r t .

Further  Reading

L.A.nrnto, StuJJ': t l tc l lnrcritt ls t ltt 14.'orld i.;.\ '1,rdr 0/'1Nsr'\ irrk: .\r.on, 1997).
I '}. I lrrl l , ,\: lulc to X'lcnsurc: I ' ic;r ,\ ' Inru'itr ls.f in't ltr l lst (, 'ctttttr.t,(Plirrcct,rn. N.J: l)rince-

ton Ljnilcrsit l '  Prcss, 1 997).
-\1. Oanpbell-Kellr.and \{/. Aspral', C'ontputL'L': .1 l l irnn'.t, of-t ltc Itt,f iLttntion ,)Iucbina

(Neu'  \<, r r  k :  l - )as ic  ISooks,  1997).
( i .  FI< l l ton,  IL  Chang,  anr l  I - . - lurkou' i tz- ,  " I lou ' l  Sc icnt i f ic  I ) iscor .crv ls , \ I , r t le :  . {

Crrsc Il istorv Ihieh-tcrn[)crrrtLrrc supcrcon<tuctiviryl," , '1utet' icrut Sricltr.rf, 84
(1996),l(r-l-17 5; l lso in Ci. I l<iltou, 7'ltc Sticurif t '  [ 'nrtqinntiott (Camlrridge , \[A:
I {arvarcl L.Inir,crsirv Prcss, 1998).

It.l'1. I lulnrrr cl, Litttlu'strtntlitrp A'lnterttrl:' Stictttt': Mttar1', ['ropcrtics, .'lppliurt iont (Ncu'
lork: Springcr-\ 'crlrr, I 99ti).

N. (larcia et'.t1., Ph1,5i1's for Conptttcr Stitntc .Studcnts: l4tith;1 lJcu, limpltnsi.; on
,' l tortrit: nntl ScmicontlttL:trtt 'Pb.J,sit 's,2ncl cd. (Ncrv \irrk: Springcr'-Vcrlag, 1998).

I I. Nowotuv rrrd Ll. Ltck, ,'l.ficr thc llL'ukrhroupb:'l-he lituct'gcrtct' o.l'Iltgh-llmp(r'arur't:
Suptrt 'ottductioiry (Ncrv Yrrrk: (larri lx' idgc Univcrsitv Prcss, i 997).

,\,1.S. l) lnclit, I lou- ComputcL't IIL:Il l .1, I l. in'k (l\crl<clcy, OA: ()sbornc A'1c(irarv-1 Ii l l ,
I  9e3) .

,\{. I l iorclan lncl L. I loddcsrur, Ct'ystrr/ l) in': 
' l ' l t t: 

I} irth oJ-tltc In.finnttiott 11{r: (Ncu'
\ '<r rk :  Norton.  1997).

(l. l t.. Swartz lrrd'l . A4irrcr, ' l lnrhin(t Intntluttotl,pll l ' .sit.r: l l  Sourtcltook (\\trorl l lurl ' ,
N \ ' :  ' \ lP  l ) r css .  1997 ) .  ( - l h ru t c r  l l .

WcO site

I I istorr. o f thc tr ' l  nsistor: h ttp://u' ivrr'. pl rs.orq'/trrr nsi stor'

CHAPTER 17. FROBING THF NUCLEUS

SuEgested N4lni-Laboratory Explorations

. Racliorct ivity ancl Ihlf  Lif-c.

Demcnstrations

I)enronstrate half- l i f-c thrcugh thc errrnplc in the te)it  of 1' l ipping coins.
I-Iar,c each studcnI irr thc cl,rss f l in ir coin in ort ler to ( lcr]r(]nstrate that cach
c t i i n  ( l l y  ana l ( )g \ ' :  nuc l t : ns )  : r c t s  i n ( l c l ) cn t l en t l r ' o l t t he  o the r r s .  ( i r aph  thc  re -

su l t s  < l r  l ) e r f ( ) r n r  ( )1hc r  rn i r l yscs  t ( )  ( l ( j l r ) ( ) r r s t ra t c  t hc  s t l r t i s t i ca l  Ye t  p red i c t i r l i l c
lurr t lu 'e  qr f  h : r l f  - l i {e .
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Slirr , , :e srr fctr 'colrcerns u:;r-ul1 'y 'plr i i r i l r r t  stu( lenrs f l 'or l  r l i rect l \ ,expcrienc-
inq r . i t l io irct ivc srrurccs. r t  c lenronstfrr t ion bi ,  the instruct.)r ' .  nsiug l tpPr-t ,Pl i -
i r te srr fct t ,  l ) r 'ecxut ions, r i 'ould l rc uscf i r l . ' fh is c.rrr  inr. 'o lr . 'c t l ' re use of a ( ieiger '

countcl '  to oi iscr-r 'e t l re i t t tenrrat ion of lar l i t . r rct iv 'c urnissiorrs . is r . r 'e l l  es l l le ir-
sr-rr i  t i  g bi tckgr<luucl radi i i t ion.

Objectlves

Oolr t inu ing thc c letect ive nreta l lhor- ,  th is  cheptcr  t l l ies s tut lcnts ( )n the ex-

c i t ing . jor r rnct '  f ror .n rat l io : ic t iv i ty  to  thc c[ iscovcr l 'o f  t ransrnrr tat ion r t r lcs,

r c lAC t i o l r s ,  anc l  t he i r  app l i ca t i o r - r s . ' l ' h c  chaJ r te r  l ge in  r l e rn r ) l r s t r i r t es  t he

close conr . rcct ion l re t r i ,een enrpi r ic l l  ev i t lcncc and the construct i ( )n of  ncu,

col tce pts l rnr l  thecl r ies.  
' I 'hc 

s tat is t ica l  nr turc of  r ld iorrc t ive r lec. r1,  ec l ros

thc  s ta t i s t i ca l  l ca tu res  o f  t l u rn tun r  n rech ln i cs  anc l  o f  t he  k i nc t i c  t l " r co r l
< l f  g . rscs.

Suggest io t ts

AI:r l ry of t l ' re conccl) ts,  such as hl l f - l i fe,  isotol lcs,  imd ( lccrV schcrnes, l re
ne$ t()  rr . rc ist  stnr lents.  Nevcrt l ' relcss, nran\. f incl  this subject fascinat ing' .  Be-
c:ausc of the potent ial  srr fety problcnrs i rr  hant l l ing rar l ionct ive is() t() l )cs, \ \ 'c
hlrve h' . rc l  to rcsort  to rnot lels ant l  anir logics in invest iqir t ing nuclcrtr  prop-
ert ics.  Stut lents f int l  th is less than srt t isfrrctor l ' ,  but st i l l  helpfrr l  r f  done with
cn thus iasn l  ln i l  i rn r tg in r t t ion .

fi3

( ): ipo I)rcss,

N-l: Rutgers

Further  Reading

Ir. (.uric, l l tr ltuttt (, ' trt ' ic: , '1 I lto,q'tph.y, \ ' . Shccnn, transl. (Nerv York: I)a
|  ' )S(r ) .

(1. I Iolton anrl S.(]. I]r 'us]r, Ph.1,5i1.s, Thc Iltnttn l lt l i ' t :ttttu'e (l) iscrtawrry,
Un i vc rs i t v  I ) r css ,  200  l ) ,  Chnp tc r  27 .

S. (]uinn, Xlat' i t L'urit: t1 Lilc (Ncr,r ' l ' t irk: l)crscr,rs [)ress, l()96).

Web site

" M a ri e ( )r r ri c, " h tt 1l : //rvr.v."r'. l ip. org/hi sto rvlc r-r ri e

CHAPTER 18. THE NUCLEUS AND ITS APPLICATIONS

Object ives
'I'his 

chrrpter reiterirtes thc dreme thrt otten the abstract
physics hrve profirunci prrrctical conseqLlenccs thlt can affect

clevelol>ments in
us:r l l .  Once again
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the ainr is to intbnn sftrclents, as funu'e clecision rrakers arrd teachers, <if sorrre
olt the consecpreuces of these der,elopnrents ancl their current st:ltns.

Suggest ions

Again, tl'ris chaPter co\/ers a qrcat cleal of territcirl'-fronr dre proble m of nu-
clear stmctnre to the controlled ancl uncontrolletl release of nuclelr- energlr.
-f l-re 

scientif ic, scicial, ancl polit ical consequences of these dcvelclJrnrents havc
been enorrnrius.'fhere is rnuch material herc for {i lmre inforrned cit izens. in-
cluding tellchcrs, to consicler ancl discuss rmong thenrselves.

Fu r the r  Read ing

I-. l larl:rslr, Scicntists tntl t.he l)ct,clopncnt of \ iuclcn'14.1:apotts (Arnhcrst, N\':
I)ronrcthcus. 13ooks, I 99,5).

It. RI-rrrcles, 
'f l tt 

XItl: ina oJ'the Atotnit '  [ttotnb (Nerv \ork: Jilrclrstrirre I]ooks, 199-5)
Ii. l{ lrodcs, I)rt 'k Strn: Tbc ,\ ' [nkitts 0J't l:c Ih,drosctt IJotub (Neu. \irrk: 

' ] irucl.rstonc

I3ooks, 1996)
Il. Sirrrc, Lirc l ' Ieirttcr; 11 Lf'c in Phy5i;5 (Chicarro: LJnivcrsin'of Ohicago [)rcss, i996).
i.. Scgri, Lnrin l|cnni Pltl,sisir-1 (C)hicaeo: Llnivcrsity of (lhicrgo Prcss, 199-5)
S. \ ' \/eart, Nuclcu l. 'cnr': 

"1 
Il istorl, of ltnrgcs (Oanritridgc, MA: l lrrvarcl Univcrsiry

l ) ress.  I  989) .
Plt.1,s. 

' i l tdrr.1,,50, 
No. 6 (1997).lssuc clcvotcd to problcrn of nuclcar u'astc.

( i .  H<r l torr ,  Scient is ts  orq.aniz ine to f i r l f l l l  thc i r  c iv ic  rcsponsib i l i ty ,  P l t l ,s ics nnd
Sotict1,, 2tl (19()9), I 1--1 l.

-f . Ilothlrlrt, Scicntists rrnrl the Qucst,[iu' I'circc: ,,1 LIistorl, o.f'rltc I'ue-rulsh L)onJircnrcs
(Orrnrbr i t lqc,  \ , iA:  MI ' l '  [ ) rcss,  1972).

Web s i te

",r\ndrci Sirkl.rrror': Sovict I)lrvsics, Nuclcar' \d,'crpons, lnrl I lunran I{iq'hts":
Irttp : //u,lv *'. 1 i p. org/h i sto rr.'/sa k h a r< lv


