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CHAPTER 10. ELECTRICITY AND MAGNETISM

Suggested Mini-Laboratory Explorat ions

. (Jur Place in Space.

. Portions of the majclr laboratories below might also be used as rnini-
l lbora t t . ' r ies.

Suggested Major Laboratory Explorations
'  Explor ing Elcctr ic Charges, Nlagnet ic Poles, ancl  ( ] ravi tedotr.
'  I r rvcst ig 'at ing l l , lcctr ic Clrrrents I  or TI.
.  Invest igat ing, l lcasurcnlelr ts and Llncertrr inq' .

Demonstrat ions

N4any of the concepts here can and should be demonstr'.rted in class, with
sruclcnt participati<ln. It woul<l be especially helpful to (lemonstrlte in ciass
some of the phenomena the srudents will later encounter themselves in the
laboratory.
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I f  equipincnt is avai i i rLr le,  Oersted's experiment (Sect ion 10.9) and the
creat ion of an electrontagltct  (Sect ion 10.8) shoulcl  bc clemonstrared.

Objectives
' f ' lris 

chapter introdr:ces students to rrrrother set of fundrrnrcntal concepts ancl
theorjcs in phvsics-elecn'icit1. and magnetisnr. Snrclents learn about the ori-
gins of thc ccrnccpts of nragnct ic polcs and elerctr ic chargcs, thc di f fercnces
ancl s irrr i la i ' i t ies l )ct \ \ ,cen electr ic,  ntagnct ic,  aur l  gravi tat iorral  J irrces, t l rc con-
cepts of fieids anrl currents, the unification of electriciq, and rnagnetisnr, and
application to accolurting f<rr friction ar-rcl the hardness of otrjects.

Suggest ions

1'his chapter covers a great deal of fundamentai physics as weli as provid-
ing important examples of thc processes of thcory constmction, operational
dcf ini t ions, arrd the connect ion of thcse dervclopmclrts with errncrging tcch-
nr i logies. Forthconring chrpters ra, i l l  rel l ,  uporr anr l  cxtcnr l  rnany of these
conccpts. l , ' ie lds ancl elcctrodynarnics are discusseci lurthel  in Chapter 12.
b,lectric foru:cs were important in {orrnulating carly aton'ric rrr<ldels (Ohep-
tels 13 and 14).  Crrrrents and their  or igins arc revisi ter l in Chapter 16. And
tcchnological applications, suci'r as the generator-, r'notor, and light bultr, are
d iscussed in  Chaptc r  11 .

fuIany of tbe colrcepts in this chaptcr are fundanrcntal  to al l  of  physics,
yLrt sonretirnes difficult for snrdcnts to grasp. Leave as much tt'rne as pos-
siblcr for stuclents to assirni late thc nrater ial . '1-hcy rnrv have encountcrer l
sonrc of thcsc cor-rcc1rts in the past trut their undel'stallding of thenr is of-
tcn only partial. Students sl'roulrl also havc as rnuch oppoltuniry as pt-rssi-
blc to encorlnter thc phenornena and 6onq(rpts in the laboratory in paral-
lel with thcil rcadir-rs of thc text.

Further lnformation

Electric Shielding
In general, charges on a closed conducting surface arrange dren-rselves so
that the electric frrrce insicle is zero jrist as they do on a sphere as shown in
the diaglarns. Even if the conductor is placcd in an electric field, tire sur-
face cirarges rvill rearrange thcmselvcs so as to keep the net forcc zero every-
where inside. Thus, the region insicle any clclsed conductor is "shielclecl"
fronr anv extental electric field. This is a very important plactical principle.

Whenever stray electric ficlcls might disnrrh thc operation of somc elec-
tric equipment, tire equiprnent can be enclosed in a shell of conducting
matcrial.
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48 C. CHAPTER DISCUSSIONS

Electric Shielding

/ryo'
oz.^ >K

Consider any point charge P inside an even) spherical distribution of
charges. For anysmal lpatch of charges with totalcl-rarge Q1 on the sphere,
there is a corresponcling patch on the othcr side of Pvi'ith total charge Q2.
But the areas r-rf the patches are clirectly pr<-rportional to the squares of the
<iistances from P. Thercibre, the total charges Q1 and Q7 are also directly
proportional t<i the squar-cs of the clisttrnccs fr'om P. T'he elcctric ficltl clue
to each patch of cl'rargc is proportional to the area of the patch, and in-
verselv proportional to the square of the distance frcinr .P. So thc distance
and area factors cancel. T'hc firrces on P clue to the two patches at P arc
cxact ly cqual in rnagninrde. But t l re fbrccs ale al .so iu opposite cl i rcct ions,
So the net fix'ce on P is zero orving to Qr an(l Qt. Since this is truc firl all
pairs of charge patches, the net elcctr ic f le ld at P is zero.

Fur ther  Read ing

A.13. t\rcrns, ,.' l Guidc to Inrroductota Phy5i6 Tonching (Ncw V>rk: Wilcy, 1990). (itrap-

tcrs 6-8 cont:rin nruch valuablc rvisclorn. 'l ' lrc rnajor lat)orlltory otr clcctrostat-
ics drrtrvs trlion anrl rvls inspircd by (Jltrptcr (i.

13. lirrnklin, T'lte ,tlutobiography oJ'[]gniarnin []r'an,klitz (New IIavcn: Yale Univcrsity
Press, 1964)

C. ll<rltorr and S.(]. l lrush, Physics, The llurnnn Ahtentut'e (Piscntarvay, N-J: Rrrt-
gers Univcrsi ty Prcss, 200 l) ,  ( lhapter 24.

L.C. McDer'rlrott ct al., Physics @ Inquirl, QrJcw York: \,Viley, 1996). ltrlurnc I of-
f'ers furthcr inquir.T investigations on rhc propcrtics of maguets. VrlLrrne 2
offers an cxtensive sclies of inquirics on electric circuits.

P.S. Shaff'cr ancl L.C. Ailcl)crnl()tt, Ilesc:rrch as a gLriclc lirl currictrlrrm tlcvclop-
nrcnt: /\rr cxarnple frorn introrluctory clc<:tricity. )):trt [: Invcstig-atiolt of stu-
dent understanding, Am. J.  Pl ty5.,69 (1992),994-1003; I)art  I l :  Dcsign of in-
structional strrteqics, '4m. J. Phy5., 611 (1992), 100'{-1012.

(1.1,. Swartz arrd'1-. Mirrcr, 'Iincltina IntrotluctoL'y Phy.ris5, ,'l Sourccbook (V\botlllury,
NY: AIP [)rcss, 1997),  Chaptcrs l6-18.

Web sites
Physicsweb.org/tiptop/lab; Exploresource.conl; http://u'eb.mit.cdu/jbclcher/u-lr.'"t'l

anirn.htrnl
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CHAPTER 11 THE ELECTRIC AGE

Dernonstrations

Such t lemol lstrat iorr  crr luipmerlr t  as iuduct ion
lurotor,  and a hancl-cr lnl ied generator wi l l  a id
irasic pr ir-rc iples and clevices in this chapter.

coi ls,  an instr-uct ioual c lcct l ic
in demonstrat ing sclnre of the

Objectives

T-his chapter ernphasizes one of the thcmes of this text: advances in scientific
knordeclge often have profound practical applications. T'he production o{'us-
able electrical energv is essentjal to the growth ancl continuation clf moclern
industrial econornies. The first half of the chapter clraws upon knowledge
gainecl in Chapter 10, in discussing the inventions of tl 're rnc)tol', faenerator,
anrl light bulb. 

-fhc 
scconcl half of tl 're chaptcr presents thc problern ol'thcr

continuing need to gcnerate larp;e rnrounts^ of electrical cnergv and thc ad-
virntlrgcs antl i l isl<lviu.lt:rgcs of all crrrt'cntly rrv.ilalrlc r-rp[ions lttit rli,irtg so.

Suggest ions

Sincc this chapter touches upon econorr ic rnd technological  choices that
can be made only bv public clecisions, therc is plcr-rty of opportr-uriry for
st-udents to devclop infcrrmecl opinions after these and relatc<i issrrcs.'lhc1'
should be cr.rcouragecl to clri so, cither infrrrnrally cir through outside pnrj-
ccts as t jn-rc ancl resourccs i ;c lmr' t .  T 'his is in kccping with onc of t l ' rc goals
of a course suclr  ls this:  to prcpare ci t izcns to rnal<e inforruecl c lccisions
alrout technological ly l rased social  anc] cconornic issues.

Further  Reading

A. Ilobson, Physics.
Prcnt ice-Hal l ,

C.Ii. Swartz and 
-J-.

NY AIP I'ress,

Concepts and Oonnections, 2nrl ed. (Upper Saddle lliver,
1999),  Clhapter  16 and 17.
N{iner, Tencbing IntrothnoT Ph1,5is5' A Sourcebook (\A/t:lo<lbury
1997),  ( .hrptcr  19.

Technology lnsert: Two American Technologies

Bibl iography

Telephone Technology

I{.V Bmce, Alexander Clraharn l leli and thc conquest of solitucle, L-r: C.W. Pursell,

Jr., ed., Tbchnology in Atnerica (Cambridgc, MA: MI'I 'Press, 1989), pp. 105-116.
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Unircd Stntc, t .  I812-1 ,966 (Pr inceton,  NJ:  l ) r inceton L ln ivcrs i ty  I ) rcss,  1947).
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A. Ncvins and I.. l i . lhl l, I|oti:7' ltc "l ' i t ttcs, t l:e h'ltn, thc L'rtntpnnlt (Ncu \trrk: Scrilr-

r rcr ,  19.5.1) .
A. Ncvirrs ar-rd Ii. l t.. lhll, Fori: IL-p/ult i ln tntl L'hulltngc, I91i-l9ii (Neu'\ 'rrrk:

5cn l )nc r .  l ' r )  /  ) .
A. Ner.ir.rs anrl l ' . l t. l l i l l ,  I ioLl: Dctl inc rrttd i l t: l t irth, I9)i-t962 (Nor'\ 'rrrk: Scrilr-
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C$.IAPTFR 1 2, ELECTROIVIAG[\ETNC WAVIS

Activity

If lve sntcle tlts prepilre rl rePort on thc crlrrent strttus Of the ltr.Oblents tif g-lobrll
u l r t r l ing r lnc l  ozouc deplct ion aut l  the; loss ib le s t i lLr t ions to t l - rese 1- , rcr l i lc1rs.

Class ic  Video

"stanclinq Electrcima6lnetic \\raves." r\r,ai l lblc in VIIS rnd D\-D fornrars
rvitlr ner.r'auclio trlck and sountl cf-fects, Pl4,.riu: ()htcrtrrr C/rr.r.ric-r (Lcxingt1;n,
I(\-: Ztek Oo.): hrtp:/,/u'rvu,.zrel<.corn.

Objectives

\ ' \ t i th  th is  chapter  s t t r t lents l rc  in t roc lucecl  to  one of  thc rnrsr  ip1)( ) r ta1t
colnpol rents of  c lass icrr l  phvsics.  r \ r  the sanre t i lnc,  th is  chaptcr  Pr , iv i , l .s  , r
casc strr(lv ir-r thc i levelopnretrt of :r phvsiclI theor1,, f i-onr hyliotheies tri the-
orv col ls t r l lc t io t . t ,  exper intenta]  conf l rnrat ion,  an<l  apl t l icat ions.  Sect i r1n 12. .5
Of- fers a s l t rvcy of  so l t rc  of  thc i tnpor tant  uses of  c lect r . rnragnct ic  u,aves,  as
r'r 'cl l l ls tu'o enviror-ttnentll protrlerns r.r ' i th lvhich thcy arc a:isociatcd, global
'uvanr.rir-rg and thc ef-fects of ozone dcplctrorr.

Suggest ions

Stut ients sl-rort ld l re rcnr inclecl  c i f  somc of the prope rt ies of u,aves ancl l ie6t
(coverecl  i r t  Part  One, ()hapter '8),  as wel l  as such basic opt ical  1,1,.1, , ,1en1
as rcf lcct ic in and ref i 'act i t tn.  Stut lents nr ight f i r r ther explrr ie the social ,  ecg-
notl-tic, anci scietttific prriblctns associatcrl with srirne olt the conrcnl)orarv
topics ancl issues raiser l  in this chaptcr.

Fur ther  Read ing

c. crntor, D. (ioocling, and F.A.f.L. |anrcs, hlichttcr lia.rrulal, (i\nhcrst. Ny: llu-
rnlnirv Book.s, I 99(r).

D.E. Iiishcr and MJ. Iiisher, 'Ihhc: 
Thc Inuerttion of'7llcz:ision (Ne.,,",Virk: Ilarcourt

Br l cc ,  l ( / 9 / ; .
I). Parl<, 

'['he 
Frre uitltin tha F,.l,c: A Llistoriutl D,s.rny on the ltinttrre ontl X,Icrrn.ing oJ-

Liuht (Princcton, NJ: Prir-rccton Llniversirv prcss, 1997).
C. ̂ Strsskind, Hein'ich I Lut.z: A Shon Life (San lirrncisco: San [, 'rancisco press, 1 995).
C.F.. Srvartz and 

'[. 
Mi1cr, 

'Ibnthins 
lntrutductor.l, ph.y.sic,r: ,4 Sour.ccl.,ook (\\krodtlrrjl

NY:  AIP Prcss,  1997).  Chaprcr  20.

Web site
()zone Depletion (Bcyond I)isctivcry, Slorn Iioundation): http://rvrv-1..Beyor-rd

Disc, rve r'1,.org.

L-.
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Technology Inser t :  Te lev is ion Technology

Fur ther  Reading

Sloon Technologv Series Sotirce

D.lr. Fisher ar-rd Ai.J. I i isher, Tultc:'I 'hc Itt i ;crtt ion of-Telct,it irnt (Nen \brk: I larcourt
[ ] r a c e . 1 9 9 7 ) .

Other  Sources:

Technology i

:\. Abrarr-rson, 7'l.rt '  Htrtot'. l '  oJ-Ttlc. ' i t iorr, l3'80--19+1 (-Jcffcrson, NO: '\{cI; 'arland,
l ' ) 8 ; ) .

l{. Marshall, Ilistot'.1, of 
'lalcai.riotr 

(Ncr.r' \'ork: (lrllerv l}ooks, 1986). 
i

(1. Shiers. cd., ' l tthtticnl l)n,t: loltmanr 0.1"fi ' leuision (Ncu.\'c,rk: Auio Prcss, 1977). r
J .  Wyer, ' l 'hc Xlo i i t t ( !  IumaL'( ( )x forc l ,  L l  K:  I l lacLu'e l l ,  1989).

The lnventors

,\. Airrrnrson, Zrror.l 'kitt: Piont'er of 
' l t lct, ision, 

I l l80 1911 (Jcffcrson, N(l: \{cFar-
l and ,  19 | i 7 ) .

I(. Lii l lrv, Thc Gutu'al (Nov Ycrrk: l l 'rrpcr ancl l i .olr ', 198(r).
C. I)re lrcr, Su'nali: /1rr , lrtrcritnn Suria'r:t '(Nciv I 'rrrk: (]ut<lrrrnglc, 1977).
(). Iivcrs<rr.r, 7'he Star'.1, oJ''lllcri.rion:7-hc Li.fi: ('Pltik lirt'tts-ii;ortl: (Ncrv \brk: Nor-

ton,  1949).  ( l {cpr intcc l  by Ncu' \ 'ork:  Arno l ) rcss,  1974.)
I '.. I iarnsr.i '<>r'th, I)i.tttnt L'i.r iott: l lunrnrc rrnl l) i.;tot'cr1' ou tn lnuisilt lc Frontiu'\Silt

L lkc Ci t l ' ,  U ' l ' :  l )cr r lbc ' r 'h '  I (cnt ,  l ( )90) .
I). ir ( l lut lndJ. I Iarrnon,'Tht (]rcttTilcuision I[crocs (Ner,r'\ 'ork: I)oublc<hr,, 1975).
L I ' - la t r rxr ' ,  Thc1,  . ' l l l  Louehcd (Ncu,  \ i r l< :  I l r r rpcrCol l ins,  1992).
Tr. Lt'rrns, l)tai, l Stt 'ttol/ '(Nui' \ irrk: I l lrpcr nntl l lor' i ' ,  l1)66).
' l  

. A4cAlthtrr nncl l ' .  \Vatldcll, T'ltc Scct'ct LrJt ot' ' ./obn Lo,qic fuirt l (Lorrdon: IILrtchin-
son,  1 986) .

The lndustry

-|. Lldclsor-r, 
'l-he (l'cnt'Illct'i.rion Rucc: ,'1 Ilistor,l, rf'thc ,4rttcL'icun 

'.lc/caision 
Industr'1,

19) ,  + l  ( r \ l r l>r r rnrr :  Univcrs i t l '  o f  , \ l r t t r lnra I ) rcss,  l9 f i2) .

The Development of Television in Americo

Ir- Ilan'r<rrr."r,, 
'fufu 

o.l- Plcnr.l','l'llc lit,oltrrirtrt oJ'rlmarit'nn'Illci'ision (Ncu \tirk: Oxfrlrcl
L ln ivcrs i t t '  Prcss,  I  975) .

The Developntenl of l-elevision in Europe

;\. llliess, 7'l.re 17istor1, of'llL'outlurstittq in the Li nitul Kirtglom, -{ \,'ols. (Oxfirld, UIi:
Oxf i r rd Univcrs i tv  l ' rcss,  l9( r  I  -  1979).

l i.\\t I lLrrns, Brit i .rh 
' l i leuisiort: ' I- ltc 

Fot'ntntit,c )i 'nn (l.ontlon: I)ctt 'r l)cr', {rinrts,
19tl(r).
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High Definition ancl Digitol [elevi:;ion

-f . Blinklcr,, [)cfinine; L'ision: 
' l ' l tL 

Btttk . lu'
cour t  I l r r rcc.  1997).

N. Ncq'roponte , l lcirrrr I ) iqit ir/(Nor \trrk:

CFIAPTER 13. PROBINJG T1{E ATOM

t)ARl IW0 0i:  T[)(fB00l

l l . tr  [ : , , , t ,r ' ,  of 
' I r ' /ci ' i . ; ion 

(Ncl \ork: I  l ; i i '

I i n o p t ,  1 9 9 . i ) .

5 J

Suggested Mini-Laboratory Explorat ion
'  l lor.r' l)o \,\rc linor,r' 'f 'h'rt Atonrs licril ly l-xist? 

'[ 'hc 
lJrou'nii.l l lscot)c.

Suggested Major Laboratory Exploration

. Avogaclro'.s Nr-urbcr rrrirl thc Sizc anrl A,lrrss of a ,&lolccule .

Demonstrat ion

T'he cf f 'cct  of  i t  n l tgnet ic  f ic lc l  on 1rn c lcct r r in  belnr  c ln easi ly  be r lenron-
st ratet l  t ly  tnovi t - tg  a bar  t r r lgnct  s lc lu ' ly  towarc l  t l rc  s tat ionary beanr of  an
osci l loscopc ( ) r  t ( )war( l  a  te lcv is ion ( ) r  cr ( )mputerr  nroni tc l r  c l is ; l lar r ing a st i l l
i t t t rge.  Stuc lents arc usul l l l ,  ls tonishecl  that  the beaur nrovcs perpcnt l icu-
lar lv  to  t l ' re  c l i rect ion of  increasingf ic l t l  in tensi tv . ' l 'he r l i rcct ion c i ln  Lre prc-
clictetl using tl-re I-orcntz frrrce.

Object ives

T'his chapter is the [ i rst  of  t i r rcc clrrptcrs thrt  f i r l l rxv t l - re jorrrncv inwarr l
tower( l  an unclcrstanrl ing of the atomic realur.  ! \ 'h i le the f i rst  hal f  of  this
text culminatecl  in relrr t iv i ty theorv, this half  r i f  the text t l lnrs towarr l  Ntoms,
thc corresl-ronding'  conteulporary thcorv of their  behavior-( luenrunr nrc-
chanics, an(l ar<:rrs of phvsics that have erne rgerl from this 'uvork.

Suggest ions

Review the nrater ir l  on the electromlgucric spccrrunt in Sect ion 12.-5,
point ing out the posit ion of X rays on thc spcctnrnr,  as lvel l  as the change
in ciarnag;ing eff'ects of electromagnetic \\, 'aves as tire frequency incrcases
above the vis ible rang'c.

The laborator'1' sn Avoqarilro'.s number shoulcl be preceded by a con-
siclerable revie'uv of the ar i thmetic operat ions using scient i f ic notat ion.


