.
L] - U

!
W 1 1 o

CIETURGRIRC|
Eal-GICa

N~ Y

11.1 e

T 1887 | Agdgesha ol w1 Scafd T GHEAl R foRE geshed o Hagad
HHIRTOT AT BT oF TANT 3 ThTeT i TUIF Tehid i ST9AYE €9 § ehfud foham
STl Tl o Sfad wXo | foEsiH-Aferen o V6 § %9 <™ W e
(forga-fomsia) W grEifits S=awol | *E Ufaerias @St g2 e o g0 1895 H
XFHol & @S qen S 9. e % g 1897 W &l T oM # @l
TRAT]- T 1 THSH | Hiel 1 TeeR off| @9 0.001 mm IR o W9 o T
% T T IS YA T F U &) seierel o o, fSer g forsiH-HAferen § |
R forea & Tenfid foman S €, U fagsa gian 81 shelle & 9@ s W giad
IO BT B A HT W HiE R G W AR a1, SH—dEl-wiE % fau
Ta-80 W1 1| 5@ Fiadifia 1 o1 3§ fafhior sl 7 7= S ke 9 a1 Tl ol
3 Sl faxof 1870 ® faferom goa & g @ist T of, fvgs 5k | 1879 ¥ 7w
e o 3 FerTol dierar 9 wer orelt Fur-eaeeht il i uam 9w ) fafew difaew
T SIS IR (1856 — 1940) A 39 URehed™ i gt &1l Sl 2AEe 3 9gel
IR fousH-Afetsht & AR-IR WER daad faga ud gaw &= S e w2
IR R R hefte-fehtor ol o am qun iferen smaw [ ereifd e iR germe
1 I (e/m)] Fd fohaml g U 7o fF A HT YR o A7 (3 X108 m/s) F
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AT 0.1 ¥ WY 0.2 TH a7 ¥ =eoid &1 aHE | e/m 1 Tihd A 1.76 X
10" C/kg &1 =& off U 71 foh e/m 1 9 ke (ScSih) o U1 St o1g
1 forasi-Aferent H it 18 &1 gehfa W fsft 7 sean 39 Yeqor 3 shefrg-fertor ol
1 W i Gl

o SE GG, 1887 W, U8 WA A1 o 59 o fHfvea engeti s qweTH
TehTeT gr1 Tehfora shed €l S o ol SUT-STEfI ol Seafed eid &1 Tl WhR,
o o fAfiea rgetl il Se9 q9 s WA R S Al A Ho-Saii| o
Iefsia Y &1 T HON o T e/m 1 A Sa1 €1 9@ T e R ohere femeon
O HT AT TH YHR 37 &0 3 78 Tenfya & fean o 3 gt s, =@ty fi=r gement
T 3O g o, UHfd | 99 &1 99 AE F, 1897 W, T HUN I Fora2iT AH
fean iR geren 5 3 goa o Hifers Gk sreed 21 6 o ford o Hoed W ST
ifaer o wrEifiTe et o 5N TolaeA ®1 39 FAEN @S % faT 3= 1906
¥ el TEhR Y foRan T 1913 H Sl difderfamr U, fafes (1868-
1953) ¥ TAER W A& o IRYE WA o fAT det-d w1 9 yeeie wE fwa
3= 78 I 5 doi-foigeh W EY a9 T gt 6, 1.602 x 1071° C T ol
Totis B Tferen o WA | @1e yeentua s 5 o6 dgdenayr #ardind € S (e)
qen ATafard AT (e/m) S WM W, T ST STHNA (m) I fEAr S g

11.2 ToERM SHESH

T WA € TR engetl W ged Soiee (RO SYEfv 01) B € S Skl =etehdl
o foTy, SRR B €1 9oty ot Solegi™ |IH=Ia: €1g-U53 9 sl &l Fehet ahd|
I gl o1 ¥ STeT oA © Al SHT YIS o SeR WK Y ol © 3R seraidl
1 A9 Y1 W SAHd H a1 81 U FhR o Sela o1 o iR Tl ok
ST el o gRI Ushehd T U B | uRumieeEy fad 3 geree fEent St
TH ST 1 YA T Foh, U IS W @Y 3 UM €| I T hi g
T3 Y STed ke & foe wek ffvsd =gan ot 1 steeaehdr eidt 21 39 <A
Foll 1 U1g HT F1H-HerT Hed 21 T WERVEAT ¢, % §R ad FW € 3N eV
(SR diee) § HIOd B T SoieeH diee TRl Soiee @i 1 diee faweidt o
SR @Rd I W W Sl H AE RO 1 eV = 1.602 x 10719 J

IR oll sl TH SohTS o1 WA GRATY] qel Ifehid wifaent & feman S 21
HE - (¢,) TG o TN AR TR IS T Yehfa W R e B1 P erget ok
- o T HROM 11.1 § KT 7 &) A A A § =i ok A g
Uzl W wgd sifes e e €

IRt 11.1 @ I AW fha 1 Gehdl & fF wife™ &1 wE-ter Seuad
(¢o= 5.65 €V) & Safeh Wi 1 <[ (9, = 2.14 eV) B

g o I3 ¥ SR IS oh folt ot Seiaeil ol <[ STadeh il 1
forddt oft W iifoer fafer o gro & <1 Wl @
() a9 TS ; IUGE A9 o gRI o SoiaeHl ohi TATE ardra el &t S

Tl ¢ forad fop & oig & omex o7 o)
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%W wifae!

390

AR 11.1 S a1gsli o hrd-her
Cs

2.14 Al 4.28
K 2.30 Hg 4.49
Na 2.75 Cu 4.65
Ca 3.20 Ag 4.70
Mo 4.17 Ni 5.15
Pb 4.25 Pt 5.65

(i) &7 3cgor7 : fRE o1 R o 7o U o faggd &3 (108 V.m! # Fife
1) TS i UG- o STET ol Fehal €, i@ foh TRl wureh W #)
(iii) YHT-Togd Seqofd : SUGH A b1 FehT¥l S Fohdll €1g-9e3 W U<al € df

SR 1 ScS Bl €1 A TSRS SoieR FHIE Seiaeid (photo-

electron) HEAN %I

11.3 Yeror-Tasld gore

11.3.1 & o U

JehTeT-ToR[d IS i U=l i @IS 34 &t (1857-1894) o g 1887 |
SR A oh WA o 6 i TS off| Tpfem-fawsiv (spark discharge) %
SN JEAgEh I T 1 Scqr o 19 YA S0 § gds A gg Uferd e R
el o1 ferdl ek ofq @ TUSTHT FohTeT & §RT W@ i T UId-Seliel o IR
= dlieed] THie 3tfue 8 Sl 2l

1g-T53 W THR el Feh19 ok STEfTG ol o 3719 &H Solaeiq *ed €,
1 T H W FEHdl UM Il B 5l HG-JS W Feh1¥T TSl © al I3 & HHY
ToiaR SAIfad fafhior ¥ 951 o U8 H oM STl o STRYY i IR A o6
forn Sl erawifia 1 oid 21 STufad UehTe © STEvas el U % o qvE,
TAFIA U1g-TS ¥ el qiewr § o1 S €

11.3.2 TTeEc 9T TiAre o WeIuT

foeteed gletatad aen frfed e 3 1886-1902 & &= YehmIfaRd IS i
eI 1 39T feham

q goeRTel (o1 Ufeeet) el frdt fraffad wi= %1 7ot § Scusts ufees ™
TSI fafeRton w1 aafad e W E (1862-1947) 4 Ul TR ufuy # €
vere gl & (Fas 11.1) 1 S99 & s fafsreon o6 Tkt o, o &) um ya o
T AT 3 el © T B ¢ o St queiT ferfeRtor Sesieh ufeeht C W At
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B ¥, TRl UfE e § WEY o1 S © qen fad &5 g e s S Tieel A
1 S 3R 81 S 2| Faifad i w1 Tell § ScieeHl oF YaTe o SRl ¥RIYeE
Tl Bl T YR W, Scsish o Y8 T YN TS o HRU STEl TRuY § YRIgEe
Tl B ETeleied a1 WIS § WUEsHh Tieeht o favel, ufaa Jentel shi afgfa qen
diardr oF W9 YShIT O | Rede o1 1A foha

TTeTd 1888 | TH 3747 i TN G/ SR Ueh BUAfw Tk ufeht i
e fargasst @ g e sea uferd femen for St afgent st qeiT oot © fentfora
foran o @ TR ST A @i e guek eifafiea W& U e fore ufgen
1 T FeRTe1 § feRford foen T @ T dFEiiE B W) e aie o aeT
RSl Y G TR H W, 39 qigen W eHeTEy iR eifi 8 T g e |
I 7€ Trond Fepren o qUelT YeRTel oF geE § ek Uiz 9 Hmefi ol
IS e 2l

1897 | TodRM ! WM o UvE I8 Mv=d g T fF el ufre ¥
SiaRAl o oS 1 hTeh ST JehTe 21 SBU1 STET oh R0 SIS gl
farga & g WUEe g ent i SR vehel S €| Serd il o | Te o Ufera
foan o ST Scsieh Tigeht W Uk o =ga9 99 | ¥ g 1 TR e
vedl © dl i ff g Sl el g 59 frad =aan engfa i dge srgfy
(threshold frequency) %8d & T THeh1 W Scasieh Ug et o T i Fepfd W
ek e 21

T e T o o, Shefiam, Ty SiE e et o 98 99 ohed %H
TS Y QT T o foru g 21 qenfy Shferem, wifeaw, Wl Sifwaw qun
Fellfean SE &R UIqd 399 Y91 o g I8 9 Sl €1 S 5 Fher-gas)
Tg7l Bl WehTST W WEIw fohal Sl ® ol A golerie Scdtsid hid 81 Selge i @il
o T S SelaeiHl hl FaT¥Teh soiael AT T<a Tl I8 UReel JahmT-faga gara
FHEA 2

11.4 URIT-Tad U9 ot YT 3Te8aA

foa 11.1 ¥ yehmT-faga yame o 9eifits s1eem o fore U § &g T Saen &
T T B | 39 Uk Taifd shis/Fendst s el © FSe T Yehrei-gorel ufeeht ¢
IR Tl u1g Uz A B Ed S W TR, T (window) W T IR FleT € SR
ThTeT-Hod! IfgehT (SSih) C T TEdl B YRS aeds Tael (shie-elt R gfkd)
T T TafeRtor U 81 S © SR ehe-Hedl ufzeht C i feRifura s 1 afgen
C ¥ ToeRH Sl B € S Uizt A (HUesh) R a2 g Sca fd & g}
TS HL AU S &1 C a9 A ufEewie o die faveiat i ded g S W S ©
HW@WWWW%IWCHWA% %WW(Commutatoﬂ
o gRI SEe S Hehd 81 39 YohR Scfsich Tigahl C 1 Gl | UfZehl A &1 TS8IER
¥ el U1 fade W @l W Wehdl €1 Wd HUEH Ueehl A, Scdsish Tigehl C H
T § AT B 0 Soiaeid SHeh! 3R STeh{id BT Soiaeri oh Scdsi o Rl
ferga uftuer o s wae Sea= e € o aitae o wen faea o wenfud e S 2|
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Torx 11.1 yhr-fora wwre o 1w o
foTu wr=ifiTeR =oraeen|

ThTLT i dgar ———>

fora 11.2 yeh-foga o/ SR e
1 diad ok = A

TSl o Wi o fa9eldl i Tk aieeHIe o gR 3R
ROTHEEREY 9Ruet | Yafed g STel YehifiTeh SRT sl HISshIuHTeX
o NI U9 &1 YeRTYTeh fowpd oI ol WU Uigehl A &
fawa st ufgehl C o WUe aRafdd wich Sg@l Tgan
T S Gehal €1 Afd W1l i dlerdl qn gfa i o
TRefdd feran ST wehar @ S o Scsish C 3 SUES A 5
e faseiar v i aitEfda fen s 21

70 o 11.1 1 UM SHaen &1 YA YRR 8
% (a) fafwzor &t daar, (b) eufaa fafewor =1 emf, (o)
qfgwet A A1 C o o9 o fawaiay, den (d) 9fgst ¢ &
Teref 1 YehTd o G1el URed oF STEAIA o Tl ¥ Tehd B
IS C R TS Il YhT¥l o AN § SUYE fheed stera
T i @R =1 TRes o WehTel ol SYANT Y Tehd &
TeRTST ©q 1 ISk | U i F8eTd U JhTeT hi Terdl i
aRefdd fran ST wehar 2l

11.4.1 UhIT-TaRId ORI U WeRIST ohl dterar Rl WIS

E TUEH A il SCESIh C i qoil § Teh o T T @ s 2 e
E C W Scafsid Seiei" WU A 1 3N Shitd Bid &1 Sfafad ferfentor
| ST egfa qen fawa Fi ffer W@ g, YohTeT i ol ! gRafad feman
E ST € 3R qROMH Geho-forega S ol Yedeh S AT Sl ©1 F8 i
ST @ Toh WeRTITeR &I STafad JehTeT 1 digrar o @1l Waehd: dedl
2 S o foe 11.2 o Ui w9 o <9ifan 7 @1 YR G Seatsid
B Al Hid Hehe TelaiAl 1 WAl o STHAMUN! €, 3Td: Scdfofd
& GEIET

11.4.2 Y9T-ToRld anT WX fawg &1 g9

TH Tedl UEoRT A Wi UlEehl C 1 g § el o favea W e § e e ¢
=1 = smafa v qen ffvea doar 1, & o™ 9 g6 S 21 R gl
A o oA fave i -+ ufafdd w3 & iR yeis a) qRom yehe-faga on
1 W9d €| T I Sl € TR yeR-form o oM (X)) fawe & W@y agd ?)
e A & U (ifvea oF fave o foaw we uE feafa en st @ o W wed
IR TR Ui A W HUE B S € 9 YeheI-fagd o S=aaH 8 Sl @
Hfd Hqw B Sl 21 A eH faed UlEeh A o ek fawa i SR stfue Sen @
@ yehT-foR aRy el gt WehTeT-fagd oW o 36 STuan WM 6l g R Hed
g1 Hgw un 39 feurfd o Hd € 5SSt Tigehl C o g Scatsia et qentiireh
T GRS Tgeh A R TEd S B

392

31e B9 UEehl A T UEeR C %1 ol | T R0 (Heh) favwa @ ¢8R 5
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-+ fereh SoTerer i ST €1 Sel ageprafi
T Yo aEe S # A soE g B E
TN had FS AT il arel Ferae & TIEH A
o UEH U &1 7€ U T foh WehTrTeR— eI st
Y %Y Bl S 2 59 qe T g% Ui A WO
fawa v, o fret fafvea diew ok v i
M R Y TRl 8 S| sTafaa fafewor w ww
fafvea emgfa o fow afze A R fen wn e
R (Hq%) fa9e V, 59 T JH1TH- 4R T3
g Wt &, o7dk (Cut-off) s7ar fRieht faoa
(Stopping potential) Hzgcrar 2l

eIk S o SR USTUT i e Sieft
21 U1d § St gt FehTiTeh SeieRiT wam Sl
o1et T ed| WehTel-fad ORI e I el @ S
e fasa stfuerad o1 aTel TeRTiyreh goieei,
ot Saam wfast i (K_) 8, 1 wfaekfia
FH T TR H B A

KaEl:eVO

319 H 39 AR i 3Tufad fafertor o1 Toheme engfa Wy 3= e I, a9 I,
Uy > I,> I,) o foT < gad 21 30 78 1 &id € ff ord g amistt o A4 g
wTa €1 389 Fa g @ o ermufad fafseor @ dioar & orgu o wfd dehe wifi
TSR Seafsd B €1 g TR fase sam € war @ 5 6 1, <o o st
fafencor o forq gran @, S fom fo 11.3 o W% o g <9 T R1 W WK,
3Tfaa fafeor w1t A= engfa & faw (Rt fGaa sgat dgar 9 @as gar
21 TR T |, YehTI¥Teh gia k1 Seaad T Sofl, erafad fafertor @ disr @

st &Y et R

11.4.3 el fava o emufaa fafewwor =t amgfs = gama

el B9 SATufaa fafetor w1 smafa v iR FE fave
V, o HEI WY &1 STAAA il g9 YRl faferto
it fafa= smgfval W SUgE YR § TH & dear
1 GHEIST ed & IR Gl ufgent fawa & @
eI & o Gfed w1 STETFH i 8 R
ufedT & o 11.4 ® <wien @ 21 e emufad
faferzor &t fi=1 srgfan o fore fRieh fava o fa=
M TR W R 1 Teh € A W el €1 S
TolaeHl k1 ol srufaad fafwon 1 smafa w fsfk
2 arufad faferor %1 S=aa emgfa & fag Fridh
fawe 1 A afueh o e 21 fa 11.4 9 e
A g @ fop 9 smafedt v, > v, > v, o %H e

fafertor qen s 1
i
E L>1L>1
— 13
— 12
— Il
fredt 1%{46[
-V, 0
+— 7% favg qurEl gfget fawa —>
Torx 11.3 emufaa fafewo =t fafs= dremamst o fag
TehTIITeh -4 Tl Uigeh! fawa o6 &= sl
(11.1)
W_W -
7]
EERECIN
v
Vo3 N2 -V 0 I afgert faqa —
+— g fawa

Tera 11.4 stufaa fafewor =t fafa= sgfaar o fag
afgeht fasa den gehmT-fag@ um & o= sTe|

393
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% SifdeRt

et

faaa
(Vo)

V>V

Vo

Al Frieht fastel 1 %8 Vg > Vo, > Vo, BT 81 368 T8
sfafifed & for emafaa werer &t emgfa foaet sifersh
BT, UhTYTeR Sl bl Saqd TIfas Sl Sa-t &l
sife BT Hoea®d, 3% U ®9 9 Y4 o fau
sifyer Fieh fasa 1 emawasar enitl At & fa=
rgetl o fau enufaa fafertor =t smafa ok wefem
el fava o o= W% @ ar 9 U Wil @ e

Yl B

V>V

st fafE # et () et § S fR fe 115§ <witn e g

ME I8 I 7
@) fRR fawa v, T KU gu ghmr-wed! 911 oh

o 11.5 T XU gC w1 Hod wred o fere foru, smofqa fafeor @t st & e fawa:

Hafad fafertor =6t s vop et fef fave v s Wi E 2

394

| (i) T T frefam siaw e v, B © fores fog

et forwe g1 @ 21
2 Yeroll o &1 ded Sfdtifed € :
() 91T Sciagil &1 S=aaq Tias Sl Tafad ffs<or &1 smgfy & @iy aehd:
gRefda gid & Safs 98 9! digar W 9 T&T gl
(i) Smfed fafehor &1 smgfa v & foTq, Siefeh ST A 3ideh ST v, § #9 8, i
g9~ faga Scasi1 Gua 7T 8 (digar ity g @t feafa @ o)
TH [qH dh gid v, HI gl srgfa Hed €1 T8 o= egett & ferg
o= et 2
for TpTe-Tad el Wt & fem fafue swfwand <y §) Sfafem, R
el IR T qorl | 31ferh ot 81 Tk & yehrer-gad gared fafu= aimesd &
Tl o foau f= erfear quiar B1 SSew ok fau, wW ¥ weT geRe 9
TehTYI-forgd WHe Bia1 © Sk 8 Sl el U1 o WehTel W UE YHE el el
o 2 o S o gl e o we uren e © R afe endfaa fafeor 6 smafa
gell emafs @ sk B S @ a1 fa fRE STe-uvEdl % deklel YehTI-faEm
IS YR B S 2, a9 ot w/a emufaa fafetor sgd 6e @ o ¥e 9| ? fe
107% 1 Whife o a1 SEY HH GO § I@S GRA B e 2
319 TH 3@ TN § vl fohu Ty oteron ud Ueron st el R <9
() Torelt feu T yemm-Hed Uil SR erufaa fafeior w1 smefa (gel emgfa @
arfereR) o TeIq, YenTeI-Toregd &1 Sfafeid Weptel <1 el o STHAE! erdl 2
(fo 11.2)1
(i) foret fE T wemrer-wadt wered iR emrufaa fafertor i emgfa o forw, @gw o
e fafertor 1 dioar o SThEA! U1 Sl € Steifer e fare e
w feRk T B ® (e 11.3)1
(i) fret fuw Tu weRmeT-Hast wsret & foru, s fafvea =Eaa siaw-smafa g
2 59 3zcit amgfy wed &, 9ok 1= YhIivTh Soiail o1 HI ScqsiA el
g =8 edfad geRTer fraen of g @& 7 7 <eel emgfa o W, R
fava storan qoad: IcafSid ehlfeTeh SolaiAl i Iodad Tidsl Sl Adfad
fafertor &1 smgfa o @ Washd: Tgdt @ W Te THH! dodl § s el
g (fas 11.5)1
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(iv) THIT-foega Scasta fom fFdt wa-uv=ar & (<107 % I¥al %H) TH
o Sfsran ©, a9 ot Sta erafaa fafetor @ stefuss He s fean s R

11.5 YT-faga qura e W9t ot @ fagia

T T ORI Yhid STl VAT o 37d d 1= @8 Tenfud &l e off| Jhten
% q-fo o gu Afden, faeds qen gao &1 weast &1 w@ifas 6
GelrTsTeh ®9 | AT shi S e ol 39 o5 o STTER, WehTel Ueh dEaeeshid a3
2, S forega W Gk 1a &5 W Tt o gt © e 5w steRreia e o thedt gt
2, I8l Seil o1 Had foaror g1 1 31 g9 98 <@ foh o YeRrel 1 e - e
fUoel S o f{u Tq geher-faem Scds Goell Jerll i oA Y Hehdl 2|

FhTeI-fored s o aX-Teor o AR urg o Y3 (Sl fafezor &t
foh0-4 vedl @) W s golae fafwfa S #1 gad &9 § sreenfua &
&1 foaft erferer geprer &1 dfraan enft Sad @ eifuss dgd dun gawt e o
M BT aRTHERy, digar faat etfues g Sa € sifue Yo s
o RISl - STERNHUT AT AMfeq| 36 fo=01 o6 ST ER, YehIiTeh Soiaeid &I S=aad
Tfast ot diadr § gfg & @ St afeu Y €, 9% YRR S e 5o
ff g, T yatw g fafeor fao-qe (vafa w99 o) seeet @ #1 ga g
ot 3§ wwed g S geh ug-IsS W el e o foru stawees fean
ot W eifus ehf sfaT, T Jeel smgfa w1 sifda T 'l wnfenl @
fagra =t 37 unifoal & ST 11.4.3 § U T Yeqon (i), (i) T (iii) <1
forier gt B

A 'Y oA @A B TR - °, seieei gr Sl Rl Gdd STERiYol
fafentor & q I W E T Hih Tk oS A | SelaA ol e id
&, ord: Ui goiee Ui SR THT § STavifid Sl Sgd A SN T AT 9 98
ATl el ST Hehal B T Wohel soiai oh fIT i -ther ol IR T #1q © T8t
et 3T o T T Soil SEM o e HS ereren iR ft eifren wHA o HeRal
21 7 Tromd oft Yeror (iv), TSeeh STTER Yehm-fagm Scasi (TRTHT) deeffres e
2, o Tacrgpel Tl 1 weiq &, a-Tomv & g ehrel-foe Scaid o 3fedd el
TN T AT TRl B G|

11.6 3TEWEET il YhT-fagla THteRtur : fafertor ot

Sl adieH

T 1905 H 3T0ae STEHEA (1879 — 1955) o YehI-To=[d g+a i =& o fag
agageea fafror 1 Tk Hifes w9 W T feer wedrted fwem s@ femor o,
TehRT-fog Scaeiq fafrtor § waq Seii-stawivo & gu 7 wran fafwwor =i
faferer sepreal @ a1 BIdl e—S fafBYr 1 Foff o Falel Heend & Tafertor it
o Uk el i Foll hy Bl §, S8l h Wi (el € SR v Tl & e
TehTeT-fagd g |, U Soiae faferor o U Faieq &1 Fell (hy) STenfod S
B A Sl 1 TE SFETNIG FeH ST o TeIq o1q 1 e ¥ aed et oMM
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ITeae AT (1879 - 1955)
T 1879 ® ST § IeH AME TWH
R T AT ST TS qh o
fava & fifqwfasi & gaifus @em
ifcerfag o &9 | S S &1 3
TererareRT SR ST Sk 9 1905
T YR i ifdwrd Serast o
R g I TIH JoH Aew §
WehTYT FelieT (3T TS shel Sl §)
1 HRON i Fegal feha SIR YenmeT-oigga
e o 39 LT hi RS I
faferzor =1 fafaftea @ fagia =t
TS 1| ST T I H I8
s i 1 fagia faswfaa fea
ot o au o] FEmES g g8
3R & 557 o anfvee fasron &
foraTIcEe: e Iuct HI 37k
T SheTs A eufarhar o fafyre
fagia &t 5= faam 99 1916 H 3=
SRl o S TaSIa =l FenTer
Rl STEREA & 8 3T "Heayul
AMEH € : I S shi RO S
ik Fforer fafem fom &
S feeh o= T Weqd shi 8 €, fereal
1 Sifcren Heey e emfen srefeent
1 RY fonan, fondht T o Tofet <
! FICH-HIAR! A FACH-AAhT
T GEIT 1 SACHHS ageryo|
Ugifoer dfder § 9 areM 9o
Teh-fagga v & faw 1921 # 3%
Tt R | grrta T

o foru fretaw sragaes ol @ aiferk g @ (HHE-wer, ¢,) @@
IeAfSq gelae @t 3tfereRad Tias o1 er

K_=hv-¢, (11.2)

31 a1 W oTEg ToaHl o Icdferd B T ST T
Tl T SAfuehad 7 W %W Bl 81 A § o TRl emgta o
HTIT F1 dierdl, Ffd Gahe smafad Wil &t 9@ gr fHuifa
Tl €1 el a8 W Ui Yok SIS SeigHl 1 HE Sedl
21 qfy, ScafSia YT Toial o1 Sifereran Tfast e gois
WA &1 St gr Freffa g ?)

TN (11.2) 1 SASETET T YHT9I-Tagd THIHI Fed B
e TH IE 3E@ Thd ® Toh oh WohR I8 THiehIol 9T 11.4.3
o feu yehmr-faga gaa o gefua gt Jeron i Tk Wa @
Rtepd &7 W w&A Hl €l
o YHIHIU (11.2) o 3TER, Y&I0T & &Y, K., 3E9[ v ™

eha: FeR et @ @I fafertor &1 digar w0 e =& et

2| U1 SEfeTT g37 B it SMErE o oo o, yerre-Torea

FITE Tehdl S gr Tafehiur o Uohel Fdieq o 3TaRN90r o

o= g 21 fafertor s dien (S ST sedi w1 "wen ufd

THTS &SThel Wi SehTE WO o SR §) 59 Hel Tiha

& fau e/ 21
o FHife K_ o UfYr 7 grft, weieor (11.2) ® 97 Sfafifed

2 o gerre-foea Soae auft dug € v

hv> ¢,

e

Vo= % (11.3)

GHIR0T (11.3) o IR, HTE-Ta ¢, o 3Tfee 71 o6 fag,
TeRTI¥Th SO IcaTSId it o [T STevash =JAad 1o
gt 3T v, 1 A STfus B 39 YRR, T <gel sgfd
Vo (= ¢p/h) T ® et @ 59 #9 smfa | #IE
T fae Scae Toa T 7, = fafwor 1 doar g o
Fi A T A 9% IS W TR ff A T w=)

o =9 fomor o, fafereor &Y e, S S uReifaa ©, Sl e
T T Yid TH1E AR Ui SHIS THA o STHATII Bl
2| Fat o1 T § w1 st Uy B, At 8 STt
T | Seie Sl Fael i STERITo w3/ gHeT (v
v, o foTT) e1g @ 9”3 a1t Solagil 1 @ SaAt &
sfers =M TEE ¥ T ® oS & T st
v>v, o fIT genmer-faga o diean o ST A gidt 2

o WA o fuuu °, ywr-faga g9E o TH el o g

V> v,, Sl
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fafer¥or 9o 59 &t
50 wepfa

ThTST o Ueh FelSH 1 TSIl Gl WfHer 4fehan it 81 98 ufshan arceifores
B 81 3@ YR, digar SAula fafeor st w1 wen =R fha ot e,
TRl faed Seas areifores € g i e 9 s o factd &l e it
el Wieifter wiwan el Wit dierdn | Shaet 7 i g @ o fora o
39 Wi Ui (T Uohel 3ol g1 Ueh YehTST FaieH oh1 STaSNe0T) H 9
o He Al TSl i HE U 8 TR R o aRArT k1 i e Bl

GHIHOT (11.1) T START X, FhT9T-faga THie0T (11.2) *i 39 JhR for@n S
Tl ©

eVo=hv-¢, ;% fac v>y,

eV, = (ﬁjv_"’_o (11.4)
e e

IE Teh Hequl URem 21 39 98 Wl et ® &6 v, & faeg v 1 9% T
el @ ©, T e = (h/e), S T g &1 gerfa W fask @
1906-1916 o A&, Al 1 TSI o YehTel-Toe[d FHiehivl i ST i
o U YeRTeI-oR 99 R YA w1 g@en w1 fo 115§ g9l orERr, SeA
difeaq o folu g TRt @1 1 A HI91l e o 1A HH 61 YA H 3T llh
feerieh h 1 WM fAuifRa foren o 2% oM @i feerieh oF 39 A (= 6.626 x 10°
343 s) o fiehe o o foerpa &1 =1 wesl & Ja fohan 7o ol 39 9&hR § 1916
o fhafesd 7 TEwrE o YehTel-foed HIIul &l TG it oh T W ITHT
ool i Tenfud fean

TeRTeT F1eT 1 IRRTTHl Td h Tl ¢, oF AF (ST T YA & 9 71 ¥ Ha
@ €) & Ui o STEn O geher-fagd 99 o SRR & foe ol @i
T fafas 3 yerer-fogga oo o1 o€t aRglsar 9 %2 &R wrget o fon
fafertor-smgfea o fawga ™ o fau genfua fw=m

11.7 YehT9T ot UM Uehfd : WM

TeReT-foR gurE | 39 facteror qex 1 it fan f g feh 5= & wny
= foha § 58 YRR SHeRR hidl § S8 I S S1efe el o Yope (RS v
I Sl hv ) 1 & Bl

N YRTYN Sl o Felied 1 Tl w01 Y GHag foha1 ST Hehell €7 SEHAEA Th
eyl aRome R wES o e Fed i WA (hv/c) § Heag fman < gk )
Foll o TIE-H G w1 FTEd AE S9HT J9 Guh € fF GRI9 FoiH I HI
Y Gorg a1 S Gehal €1 5@ %01 1 A% H HieiT T4 23 T GH o w01 S
IER i T, TH. F19eT (1892-1962) o Toiae o gr1 X-forull & Yanivid o Jam
T 9 1924 ¥ qA: g R o dgifass sdifqwt & GeeE qen yeher-faga g
o 30 o fu eEwrEd w1 1921 | ifqe! 1 e YRR g fHA T
for[a o o 1o qen Yehl-foRa ueE W fRu T @ o faw W 1923 H
faferr &1 fifdert 1 e TR 9<H femen T

T Agageeh i Tafehtor o Hie femor &1 SN FEER € W ©
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%W wifae!

398

3aTeuT 11.1

3480l 11.2

G) fafeor & go1 & @1y == T o, it 39 YR s9aer 3l § AM 98
TH S ¥ o 8 5 Wiel wed 2

(i) T FIH H S E (=hy) Bl 8 3R HAT p (= hv/c) T =1 ¢ Bl &1 Sl
c TR I =1 2

(iii) T =G sTafa v, stern qenesd A, o |ft Wil @1 Sl E (=hy = he/A) 3R
o p (= hv/c=h/2), THEAM B & (fafertor &1 diear =@ st ot ) | foret
& T TS o WISl W1 el agH W heel e fRT T &5 ¥ e At
Hid Hehs Il %1 e & Sedl & (Tt Wi w1 ol THEHH Bl €)1 3:
I i Soit fafewor &t daar ) sk 98 St

(iv) Wie o[ S gld B @R fe@ dun gesig e % gw fasfy
T B

(v) WIRH-H Fug (S T BieH-soe gug) | el Sl a1 el Gar wiferd
©d 2| qenfy, forelt wo § Wi s wen o wifee 71 ® Fehdl 81 Wi
SN B Hehal © S Ueh 1 Wi g & Fehell 21

IETEYT 11.1 6.0 x10' Hz 31gf &1 Tehanfl germe forslt oeR o6 gr1 3o foha
STl 1 SeHsH &THdl 2.0 X103 W B (a) TR fRor-ga & fonelt wiei 1 Sl
forat €2 (b) Hid o I 3Ed AR W 9fq Hebe fohad Wi Scafsd g 272

TA
(a) FAF WM Ht el g
E=hv=(6.63x10°*J s) (6.0 x10'* Hz)
=3.98x 10'%J

(b) A B o gRI Ui Yohe ScafSid HieHl 1 &N N 8 df fheor-gs & Gafia e
P Ui Wi e E & N A grft 598 ff P=NE | @@

_P_2.0x10°W
E 3.98x107°J

= 5.0 x10° w2 9fd dohs

SEEIOT 11.2 A @fem &1 FE-Her 2.14 eV T Ufsher HIfST
(@) Hifsam =1 el i qen (b) Safad FehTe1 o1 qURsd, 9 JehTiiren ¥R i
0.60 V =1 T feh favwa et 3= e sy

'
(a) i STeqe Il AGMd o fore, smafad fafewor &1 st h v, w1 G ¢,
TAM B 1 o
v = % 2.14evV
o= %o 2.14eV
h  6.63x10*Js

-19
=2.14><1.6>f3140 J e l6x10" Hy
6.63x10%J s

T YHR v,=5.16 x 10'* Hz W FH gl o faU, 1E YHhTH geiae
W‘lﬁﬂ%ﬂ%l

(b) IS IR SRl i Sedad st et e V,, feafas et (weA-fava
V,, % BR1) % HOF g4 %1 feafq & geniferes o 9 &1 St €1 STEe
TRt~ o SRR 1 €
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fafertor qen 5= &t
a0 Fepfd

he
= hv- ¢o—7 - 9o

YA A= he/(eV, + ¢,)

(6.63 x10*Js)x(3x10°m/s)
(0.60eV+2.14¢eV)

~19.89 x10%°Jm
B (2.74€V)

19.89x10J m

- — 454
T 274x1.6x10°J nm

SEEAOT 11.3 399 &5 | ST 41, Hd-gd I 91 offel 7 % YeR1e i adesd
FHY: TIHT 390 nm, TIHT 550 nm (3Ed TR ) q ST 760 nm B

(a)

(b)

&

(a)

(b)

T 89 % T FEW % AU WA # S (V) e () S fa;
(ii) Frei-8t T1 1 S aTeEd; q (i) ol o0 (h = 6.63x1073* J s qen
1 eV = 1.6x10 %)

YhTI-Tot Tarelf o fere groft 11.1 § U ¢ E-el o 9 a1 (a) 939
o (i), (ii) T (iii) ST o GROTAT 1 ST H A U FA 39 9T YT 6
Y 1 H Geh el GehTel T gfer o1 Gor Y Hehd §7

arafad Wi &1 Seil E = hy = he/A

= (6.63x107%%J s) (3%10% m/s)/2
_1.989x10 25 Jm

p)
(@) ST g % fawa, = 3%09%13 (Eﬁsafr%wi )
X m

ST e i, E 390x10° m
=5.10 x 10 '°J
_ 5.10x107"°J
T 1.6X10°° J/eV
=3.19 eV

(i) Tio-8 99T o fom, A, = 550 nm (3Hd qETeE)
~ 1.989x10 2 Jm
ST it i, E, 550%10° m
=3.62x101°J = 2.26 eV

(iii) TN FeRTT o e, A, = 760 nm (I=9 WA )

_1.989x10 2 Jm
FfAd i S, E 760x10° m

=2.62x10°J = 1.64 eV

fordt yerTeT-faga e o 1 o faq STrafad WeRTeT st E o1 A1 Wge agied
o HE-the o W o FHM 1 Afeeh e =ey) 3Td: ST TR (E = 3.19
eV) & fau wrd X g arelt yenrT-fad g o wehTe-Tadt ured, Na (%
T ¢, = 2.75 eV), K (FE-%eH ¢, = 2.30 V)am(:s(wi—m¢ =
2.14 V) ¥ T T FE Fferd HO-8 ThT (E = e

e Cs (FE-HeH ¢, =2.14 eV), &W@ﬁmmm%mmﬁ,
7 fR] ol BT (E = 1.64 eV) & ToIT STiad ol § @ fhelt yehe-wadt
1l oF SUANT © FT & HL Gehl|
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% SifdeRt

400

11.8 g st AT Wehfd

ThTST (AT AR R Sgaeeehid fafentor) ®1 gd wehfa (qEn-vr), Sdu qen gd
FeE § fRT MU ST gW, TR ®Y 9§ UHe B ol YRR HI a0 UH
SAfeeRtr, faads qen gaor 1 uieeTel § g eidt §1 ol oI, yenrr-faga
T dUl e G S S SR Ha 1 SHawor g €, fafen 3@ R
SRR HA ® o A 9 HON % [es erefd WA W o @l Hur SferEl
wo-fesm & ¥ s frdt v ) waen ¥ walfue o @, 98 wE g
W R B1 3R o foaw, o A5 @ el e @i <@ W guifaa we |
Tl € foeo Aoyl €1 o g WISl Rl U Y IRE T i ARl
- @ wrelt-wifq feafed foran mn @1 g s@e e qen e (e
o) FW AU H Wi a0 1 TRl Bt

T I 93T I8 3ol ¢ Tk Afe fafwtor &1 §a gehfa (900 a2n %07) 2 qi
1 YHid o HOT (SeiaR, W o) off qn-Sren weror wefE #id €2 T 1924
o ek Wi Aot oz foae T sielt (e S=ary ¥ 38 o fae ] 9
YW Sl €) (1892 - 1987) A Wk Tsier ufeheu i weqa fohan o wered o
T o1 Suge aRfefaal § @ gge T weiid w TwRd §1 S8 e
foh Yepfa wwfd € iR < ot difaes wish, 5o8 ©d Sofl, w1 o THiHd e e
=few) af% fafsror =1 §a e € Al go4 w1 off e =) ? sl 3 wetaa fme
o T p &% FHU F W I WA A T gER @R 1 gt ?

A:E:L (11.5)
p mbuvo

Sl m U 1 FAAM AUl p TR A Bl HHIHIOT (11.5) HI § Fivell HT GaE
3R FeF-TT o qIEA A H 7 Fiel WIET HEd &l 5o7 1 gd WEy 2 siel
& ey o T 2| G (11.5) 1 o AR, A T H A0 § ek < AR
ol p U1 k1 TR &0 2| Wik el h SH AN i HAST HL B

THIHTOT (11.5) Tk S0 & AU gerd: Uk qRehed © et aehdia
el TN oF g 8 TGl S Gehdl 1 qefy, I8 e U9 @ fh U8 T Wi
% g o W B 81 UF WieH & fou, S| fF e o €,

p=hv/c (11.6)
zgferT,

h ¢

;=;=ﬂ (11.7)

Fefd, TF WA &1 2 el auresd S SR (11.5) g1 e T § S|
AR TRt oF TReE o WHM il & qel hieH fafenor i Sl qen Ham
FT TF FeH T

T GHIHIU (11.5) °F I, A T ORI ORI &0 (J1 m) Il Ao
o H (T2 v) * AU BT B I[E kAT, TH 0.12 kg FHATH &l
e S 20 m s &1 W W T W, H 2 el qUes 1 Werdl 9 uider
fFn S "Rt 2
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fafer¥or 9o 59 &t
50 Fepfa

W G (TR W) THTe-Tord yoe 1 Uk Rieq Wil sy 21 98 U O g @ S gee-ss
1 Sgd-Soll | o5 At B1 38 Heft-sheft fagga 7 oft Fed €) T Wi Yo § U 18-S IhR Fehe-Hodl g
ufEeht C (Scaslsh) Bl ® 3R T dR 1 99 (9) A (SURS) Uk faifad i a1 s aod o ot g €
7 o o Ty eaR Rt aer aftuy & o S=u-fawa 9t B 9o reehitHiet (uA) o 91l Gaifs fepan s
2, wefi-weft qizent C & WM W, Yhe-Fadl w9 (¢) H1 Th Yaell Wa s i Fad Fag © Faget § S
21 9od o TH W I W B @1 < @ food & genm
TOH YA X Hh

e SUFS AUTREH 1 YhTeT Sesieh C R USdl € dl
TR SIS Bid 1 3 Teh1¥Teh Soierie Walesh W TR
g W 1 R e 99 § $9 AR & i w1
WRTTTeh URT U1 1 St 2

T YR e Urai-diadt § qRadd s Terifereh &
H gfadT X Tohdl 21 T8 oW A0 oF % A $iR
RIS |G iR | SUEAN W A S Gehdl 21 STeer
fafertor o foru ot oe Hewse o YRR Uall 1 ST
TR e Soderd qiuedt o feran S 2

ST T B, TR 1 dierl i IO o FeH TSR
H yehTe1 Yedl 1 SYANT feRan AT €1 BIRANET Shadl & FehTel
T YIS Tl 1 YA 3Tafad YehTeT skt el A= o
F & weiferd gR e o ehTer O 1 GI gR-Fh
forga Ry o i1 ?1 R 1 3R 9gd Y St R Wl
Yol T TS ol Teh19l ST e B Fehd &1 FehTiereh o o
3T B Tl FIgelld T SYART §R Wie o folg Hie &1
YR T | A1 A a9 § R ST Fehar 81 R SYAN
39 U gferd o e H oft o St @ S weerer ooy
1 T TeRE, Sl RROI-YsT o R ferelt e stera o o ST % U1 eI Bl €, %1 Sifehd Hidl 21 gHeTY,
RIS e TRl Gee o Wowl i oTel At 1 UM i § Heral Hidl €, (g o fownet ®e ¥ UH-uh
¥k JAl I B | STehT SUAN A 99 died arell &1 TewH o fog fran sar @1 s oft fafeo o
fRRoT-qs 1 3TeRIferd fohan ST @ A U T oS S gk 2

R T H, TS YehTeT (31599) i Had Yov-gR W EfUq Y9l ¥l W STell Sl €1 g oAt Sl
ER | Y91 il B o8 T el W TS del fehio-gst shi SfeRiferd shidl €1 Yentereh fargd- o o efenfreh ufied-
1 IUANT T foregd =il o oo @ YRY fepan e 21 1fH-uad o, wod o Suge Tl W S YehTer gt Lt
FX XU S &1 A o R YT Al g I W Ued 21 3O U foea wd steen uw g ¥ el S
aren uiwe qof 2 S € R T8 Uk AdEe-Gohd o ®9 § HE HE YR HL &l 2

TRTST Tl 1 A A Fosor ® eafd o qeced den Sofifa S | 99 o wHEIE (scanning) de
fafasr Jaro (telecasting)  foran ST €1 k1 T4 SERT & +1g 61 =<y | S Ffeat qen fogi i @er

v=0.12kgx20ms ' =240 kg ms™

T ot fran S 2 ‘
6.63x10°%J s .
=276 X 107" m

2.40 kg ms™ 401

p:

A

[
sls 3
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T AR ot B © R gw Rt A w1 o 9 o 2l
TE RO 7 T Tt a5qd g 3k Sfe o ain-wgw o7 e
TETi | TR TR, 3Ta-TAIves €A (Sub-atomic domain)
H, HUN HT T A TE@YUl ¢ A W A 2

TF IO (S m, TRV e) T farmmaeen € w fava
V g i e S €, w1 foer | g i e Sei K
0 R faga &7 g fFe T w™ (Ve & SR ghf o

~ K=eV (11.8)
&
& T K= ~mo= P fo
= B
% TEa fagex 2 il (1892 - p=y2mK =2m eV (11.9)
o | 1987) W sifrmfa, freh T e 1 R Sl e A g
T Sl qUT Ghid 1 HifdwRT h h h
jE foram weqd o =re ferem sefem 7»=;=\/2 mK 2 mev (11.10)
e g e % T |
i i o e e h, m @&l e o W& | Sl TG HH R &4 F=1 76
T, T8 | - Had ¥
&1 Sl 1 T B B @ 5 . l227
% foTe 3 T 1929 et TR N A (11.11)
‘% T o SRl V @ faud &1 dice H 7F 21 TH 120 V ok fawd &

forq, weffehor (11.11) ¥ A = 0.112 nm 9I< &l 1 78 aess
34t Fife *1 7 et 0 foreal § wamwd qef o o= g 2
U I8 Gopd fHerdl € fo6 U soige § et uwd @ i X-feRor faada S
fopteer forerda WARTl o TX@1 S ekl ©1 W ST NN | < Sivell i ufsheu
o YRR TOEI0T 19U 31| ST i aUT Yehfd i @ie o forw 3 sifreft
1 1929 H Hifdent & Foel [EHR G FET@ fohar 7
FA-a faaur 3 eRsHent o Sffgaar fasTad o uitshd €9 § GO
foren| 5@ Togid & SR, T# & 999 W fhell o™ (3tuen ®ig iR 1) =
feerfa wdl Go g1 R IR T W AIGA1 S #1 BRI € e A (Ax)
feorfq o faftey o oo sifafvaa (Ap) Tam o fafer & =it 81 Ax @2 Ap
o TUFT i T T Em et B, S a* (STl 4 = h/2n) S Hife w1 e
2, Feifq
AxAp = (11.12)
GHIRTOT (11.12) T9 HAET T STAR < & 7 Ax I &1; WG 09 Ap 1 o
B =fe ST fo Torwe 9= 7 21 T YRR Al Ap T B €, 79 Ax 3T @
YT, Sl Ax T Ap T &l g1 o foh 391 OFwE 4 wife w R
39 A% Tk golei e §am p (339fd Ap = 0) @, 79 2 §iell Had o g,

402 * o ek URYS fAEEA W AxAp > 7/2 WG BRI 8
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e aues (1) fifed g s ffed (Twe)
e 1 a0 1 faear wqul T W € €1 S
Wehdl AT § SHe 318 I8 g3T foh Soleed T o
forelt ffeara & o e =1 g stenfd, sHent frarfa
iff=adr oFd B (Ax — o) S Aff=aa & fagra
& WY Hd 2

IR : ST o |1 ST UR1e-q8T HqUl AR
 foeqa @t Bl T UF TA-Tohe F T H BRI
¥ us e e o foggd e 21 359 feufd & Ax o
T&Y BT © dfesh a-Uohe o o W s s&ehT h1g
IRIT | ela1 81 S9! 98 off S =T fom aiifha
foaR F1 foRet TT-Uohe &1 qUTeEd THA A Bl
g ot hdia quesd o e faega aoresd 9
ERIR

qe, T ST oh Y o gRI, TS oF GAT @
ot wsh faear g — Ap &1 sifafy=aan = sifafe=am
& Gau g aiferd 21 T @ (Iuufy sig €
2) ¥ u§ < S g © fF aw-Ueke faeror <
Sl Wele qAT S+ - JIfaehal S o 91 gESie
At fead-Ha w1 IRYS ®Y § Yo Hdl B

A 12 H, T Sl WY a1 fRd W] |
TG oh hIUNT G ok FEICHIRIOT T AR i
fheuT s GHefdr S <@ g ardd|

1 11.6(a) & T TUFITIA a-Uehe qen foo
11.6(b) & fifesd wmesd & fow fagga o a1
ey g9 o 2

IETEIOT 11.4 (a) TH SARM S 5.4x10° m/s &1 9@ 4 7fq & @
M 1 T 1% S 30.0 m/s 1 = ¥ A @ T, ¥ e

(b) 150
Svett T R B ?

A

(a) ST o ferm

MM m =9.11x 10° kg, 9 v=5.4x10°m/s

fafertor qen 5= &t
a0 Fepfd

VAVA\/ \/Avﬂv
A AN

VARV

A

(b)

o7 11.6 (a) TH TR 1 aT-Uene foeron fre
fog oF ™ o o &1 3 f9g W Seige &1 Wil
TTcel ok W1 Helferd feman T 81 q¥-Uehe fRdlt SR
TS o STEUE aUTesd o forar (3R 39 UK <
el Geg o g, HaT ok faedr) o WY Hel Wl B
gftoea:, e feafq o sfafyead (A o gam o
Aff=aar (Ap) ¥ 91 B (b) Foret geteiq o fafvem
T ¥ U Wil oAk gyt et ® forga B R
WWﬁAp=03ﬁTAanol

2,
3

T HI p =muov=9.11x10"" (kg) x 5.4 x 10° (m/s)

p =4.92x 102 kgm/s
2 Fielt @R, A = h/p

6.63x10* Js

4.92x1072*
A=0.135 nm

(b) 7T = fog
2EE m’' = 0.150 kg, a7 v'=30.0 m/s
LEREL]
p’'=m v =0.150 (kg) x 30.0 (m/s)
p'=4.50kgm/s
3 difvelt aresd A= h/p!

kg m/s

P'IT lnk2ibe
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404

6.63x10>* Js
~ 450x kgm/s
A'=1.47x102*m

TerR o foru & sivelt aesd X-fapor et & oM €1 wig TR o fou e we
o AR o oreT 10710 T @ S Wi | sy wie ok faetepel sl @)

3qTe0T 11.4

IETETUT 11.5 T TR, Th -5 991 Th W &1 TS ST 991 21 379 9
fore 01 1 3 S AT = e

'A

et o1 @ o, 2 sifvelt q@resd A = h/p @l

Wﬁﬁ?n_\rﬁK=p2/2m

3q:, A=h/2mK

THM TS ot Ko forg frdt o1 @ Heg 3 sl qiresd SHeh Sor | o g
% A 81 We (JH) 3o 9 1836 T W € a4 o % (3He) Wl
Y =R T 92

3: o — HUN KT 3 ATl TG <AdH BT

e 39 9 W foER we Sfuq g fe et w1 (S8 soeei), U atia seg-au 1 o e
B oreqd |, oot qoh goF den fafior o g4 Uepld i Uk a%qd: Garsen Hifqe qHe Tkt
T B Tl B FCH-AAHT o HEM GLAUE] (Fed a8, STl SRR AR HE 3=) 3 39 qel
Y Heifd Gehourtell & W1 9gd THA qoh ded oA ot off Fen-Fitent w1 e difasw saren
Tl 9N k1 faoa o1 g 21 39k eI gU o, 55301 1 Hehoud 1 il € Toheldl o H1e TR
FieA-AehT | T GR TR gieee fohar T €1 3H Wiy W Uh Hewyul Sudied I8 € T v
e 4 (1882-1970) A FeA-XT ok I shi Teh Wiiehdl-oAe Y| $6eh ER, Tt fag
TR FeA-T T il (A 1 o) 39 fog W R0 1 WifFshal- s Feiia sar 81 qifehar s
1 e ARl Iid SRS ST €1 39 YR, A% et fig W A 9% @1 oEm ® Al 1Al AV
39 fag o =R AR AV @ AFH § 3G HU1 o T SH H Wifaehd 21 o7 fret fafere & o
A GoA-qT 1 diedl Ak €, 99 SHeb! ol | e Aol HH €, U o U S I Wikl

aAferss B M ‘

ITETT 11.6 Teh HUl, TIaA i 37Ul < T @ifersh =iTet 9 T 3 @1 81 36
HUT 1 3 STl AR T AT i T Sl aiTesd | ST 1.813 x 107 B
U o FHEM 1 TR HIfTT q1 FH1 Hl Gg=T]

'A
T Y BT HUT (FAEH m 99 A7 p) HI T e qeE

34eY0l 11.5

3aTeUl 11.6
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s h_h
p mv

STHHE m = h/Av

TR &1 FFEE m, = h/A, v,

Bﬁaﬁ%ﬁﬁv/ve=3ﬁm

A2, =1.813x 107"

e

SE—e

=(9.11x107! kg) x (1/3) X (1/1.813 x 107

m=1.675x 10%" kg

TH SHM 1 O WS A1 <A 8 Gehdl @)

fafertor qen 5= &t
a0 wepfd

9°'TIT lni2lbe

IR0 11.7 100 V & favaiak g fa fedl s ° Hafyd  sielt

TIEE 1 UReher it
FA @& favwd V=100V
T Siftelt quresd A e
),=h/p=%nm
Jv
l=1'227 nm =0.123 nm
J100

TOHREN | Tafed X S s X-feh s w1 wife # ¢

11.9 =fa@a qor SHT v

L'TT Inx2ibe

SHSRA 1 0T Yhia TR IR T Heued WS, Sfaed 9u Ta s, ST % gm
1927 ® A1 T3 w9 ¥ W, SO oF gR 1928 W HeAMud i T off| 37 a=iifeni

3 Sl o fRRo-gst o1 fopeeti 9
Yh1UH o g1 faacy 9mE 1 YeTor
foran em @S, Sfaa (1881-1958)
AR S, e (1892-1975) H
fFea o gm selaeHl o foeda i
AT @ o faw 1937 o 99
w1 § A6 QR WA fRa
efam qor SRk =+t umEfre
e fos 11,7 | <uiel W R
T T ‘soEgH TR 8 S T
A qq F i ot gl ©, fo
Afem sffFEEe w1 99 B 21 9
%9 favye (L.T. s=28) ¥ 7 fean
Sl 21 fret 3=a dieedr e Wi
(HT 98) 311 Sugad fasa/aiced

o 11.7 SfaEa-SR sorae faadd e 405
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http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/presentation-speech.html

Telae - gensel 1 fas™

:

o AN W qq g Scaied Selal ol Ufeseh o qeh wiitd feRA Sl €1 5%
Th do fEH gEeh o % HEiR Ude 9% B €, ¥ WG ®ich Th udel
foRU-gs o &9 H FHIARG T foran S 1 59 fRo-gs o uh e e
o U3 W STl Sl B e o wAre & g seleei @l femeti # wehifufq
TR 3| fe feom § W TeeRd OGS @ dwa # Teeee g9
(HUe) o gR1 HIYl Sl €1 GYEH hi FAEhR AGH R SEE S Gehdl € 3R
T G ool o 1 GAfd X fEan S ®, S Ouw o Sifhd e @)
Teoie o fagy §ues o Y99 W o goee (RS i dedl o
STHAIC Bl Bl TH ST ] Ueh {eifd wie § qReg # 3 & HYEh
%l gaR Ao R ot feufaal § g, geifola seiee fReo-gs &t diean
I fafi= s7eer 107 & HE o fou (S Yol o ) ¢ H HOD ©, S
fop arufaa IR werifola soiee foheor GSif o6 o=l o1 0T Bial €1 Tehifold geteril
I dadr (1) W YhIvH HI01 9 o WY IRad" i faf= ©ror fawet & fau g
e s =

o a9y & 44V ¥ 68V & WH & AU 3@ WAM & = fHA N
SfergA-sR o & aftomel =) el T §1 wE urEn e f s dienr feerdA
3feass & WA TF Yed RER, @@ favg 54 vV dUn YeivH & 9 = 50° W
TR faaor o, yehe el 21 T faftre fewn § Rrer %1 9% yewed feea &
THS o HEH a1 Wl W TSl o HAIH SAfGehor & HROT gl 2
TR faad A ¥ §o9-a 1 qOTesd 0.165 nm WIwl o T

2 Siredl qareEd A [EHISOT (11.11) o ST W] V=54V o fau seeeH &1
o= = 8o

1.227

Jv

nm

A=h/p =

A=1'227 nm = 0.167 nm
J54

3q: % el quTeEd % Hgifdew qen YEN 5W WW WA § S99 Hedf B
S-SR T&T 30 YRR FERTelt 9 W Teiael i ol Yhid q ] Siel ey
T gt AT T1 YR HI TO-UH & faw e e R g % guEey oee
TSl T GUT-U{d 1§ 1989 ¥ UEfR €9 ¥ Yefd foran mam 99 1994 ¥ «f
HEASH ST (S ARl 1 G § AT 6 @ T 9 ®) o Wi i
firsl are &1 S g €

3 Siftell w1 ufeheu enyfien @eien AR o fasr o emuR Wi 7l e
SR T B F R R 1 SR % e o S
Toiae-gemselt o fmio & fean mn ®, S oyew-gemeE w1 ge § eI
fa9e" o HRU TH ogd 9g1 YUN 2|
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fafer¥or 9o 59 &t
50 wepfa

Q9T

e solaet™ 1 u1g @ 9l fTehTer o foTq =gAam Sefl 1 o1g 1 HTE-TheH
Fed T UG- W IOe-Ssd o T TS el (FHE-e ¢
Afoeh) 1 ST qH o TaA TR &5 Tere IR A o TRl g
fafefa 6 o G 51 gt 2l
hRTel-fagd Jome o1geti | SUged ST o YRRl ¥ YEI| A W gedeHl o
IS 1 IRER B FB U WETH TR o fdfma wed € St gE
TYI-ThTe1 o foau oft gt € wehrer-ford g § YeRte St oh1 ofEd St o
T B &1 € Sl o W&V o T BT T el 71 Tehmel- e Segeid
Teh el Tishal © iR seh e fafime e e €
TeRTeT-Tag[ o (i) mufad WeRter i e, (i) I SoigSrSl o S @RI T
favenay, 3 (iii) Scasie o ugref &1 gepfa W e et 2
Yok fawal (V) () mafaa wermen &1 Safa iR (i) Scsieh Tamef 1 ghfd W
9 HtaT 21 Smfad g 61 foRelt <t g€ omaft o faw, e sueh! dear w feRk
T&l L1 21 Vueh a9 o1 Scafsid Siagiql 1 S=add Tias Sl 4 Fafed 8
eV,=-mv’_ =K_
ww v smafa (3eeh emaf) v, & F= S oug w1 aiferem 2, i
TehTeT-foregd SeafSid =&l gian =g SAafd WehteT i <o fohat it stferes = 7 2l
FeAfeht qT-fagia YehT-faga Uae o q&F el i AN &l Y bl
ST fefsheor | ol 1 Hed SterRmaul 1 fo=or K_aht diedl § e, v, o
Afiiedl SIR 9 Wieha 1 dIciiUTeh Fehfd =1 oM@ el o Wehl| STEREA 3 54
AT i SATEAT YhT¥T o HIH- o501 oF SR T HT| THeh STTHR ThTT, Fslt
o fafae Yohel @ =1 8, 58 aaier s1oran Wiei wed €1 Yo Wi &1 Sl
E(= hV) SR G p (= h/A) Bl 2, S o ammafaa wehmer st emgfa (v) w) fel
F T W $ThT dirgrar W et T F1 U1 o I8 U yeRmel-fagd Scusie U
TS o g1 IS oh SFail ¥ el 2
LT 1 YehTel-forgd THIhRor Sroit TReT0T f7ar o G © i fo oig o &
Wﬁ%mﬁzﬁmﬁwﬁmm%lmﬁnnﬁmw%mu@
HIEH-%sll (hv) T @& H1g FE-HTH ¢, (= hv,) o R o SR Bt 2
%mviﬁ=V0e=hv—¢0=h[v—vO)
T4 YehTI-Taega gt o yehi-fagd yore o geft demon w1 oA et 2l
faferera & dom IRYS TRrT-fagd wTaal 3 STEwRRA & Yokl foea wHie
1 Y foran R wish-featien (h) o Fened 9 i 9w fohan s6d SRR g
yafdd degdeeehia fafenor &1 w1 e7era WieH i (Fehfa) id g3
fafertor &1 8 i Bl @ : a1 a1 U1 YA o w@Ey W ¥8 | g e
TR T Srera U1 o ®Y H A AN o6 IROTH i FHH ok fore Hatfen U
2179 ek o @1l TR fafenor qen wered wefa o gafia @, <@ ? sl & e
(qered ST ol A SHT eI Y R A werei-sh o | et ol b ugre
T T T STl T FEd B
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1.

).

T w0 ¥ Heiferd < siivell qresd (1) THoh HAT p ¥ TH YHR Tl ©
A=h/p | 951l 1 ga T Sielt Heer, fa @ Hehed (1) SR 07 HehouH
(p) EitHferd &, o 3fdfis 21 T st qesd qgie-h01 o SEY qe SEeh!
i © T 21 T8 Hfehdl: shael SU-THUES RO, S8 — Toiari, qieH
3 (7oh FoAAM STUd HolT 1 a1 o HR1) ok forw & uRea (fpeati &
THUSE THAA o sie i T w1 I H1) B Al T ad § S e
TEgel o e S e giafed Sted @ firerdt € ok Ao s Een o
farctepel ae €, 9gd Bi B

10. Sfaga-sHR o qen St 1. 2rIe o gRI Seiae faad= YA qen o1g o 63

T A TR H1 T-YHfA H Geafyd qen g faEn 21 uered i
Selt IfeheqaT, SieT 1 TRl e 1 Heheudl &1 T Hdl Bl

Hiferen
RUE
Aih
IENED
IRREED
fagqa
T

Q-
9 QUTH Jiev | K_=E-g,
Fﬂ v, [ Hz v,= ¢,/h

3 Sifreft

r A [L] m A= h/p

Toemia fawa

forelt o o Hord Toteei 39 o1l W g € fop 9 og o iR U TReR fave @
arta TiEE eid € (U8 Sheel U WieTehed ®) | 9 U1d o STed e o fag
ot el Bl €1 3= o1 © S 9 o T Sifaiie St i atevdehdl el 2l
ot org o @t gor TRl Y St GAM T @i fRE T SR A erupe
S, T ST T 919 W el 1 U (v Sl foaeor g 81 ¥ oo 3|
G Herae faawor | =t gl @ 9 e i o wfas fagid o eremeE |
UE Tk &1 38k oud H o119 oI5 o WIgAwA § S, W faeTa 1 Hei 39 qe
Y ? Tor soiae dielt o eTdesi o THgia o1 SITE Y 2

TRt uTg o o Serael oF SrsTl foaXul oh hIRYT, Mg § STeX 3T ok fau seei
o g 3TUfed STl 9= Soieeil o fow f9=1 2t 81 S=aat &l ol SorareAl
FT o ¥ 9 A o fau w9 H aret saaHl St gor ° w8 Afafed e
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

fafer¥or 9o 59 &t
50 Fepfa

1 YTl eIt &1 H1d - oTg W STex Fiehet oh fory foprelt seiaei o gr
s7iferd =ae Sl 2

ehTI-Tere[d WHel § Welferd WaANT § oherel e Sdifed € o 5e4 o " gehTer
1 o= fman W St o1 STERIl hy 1 fafaer gereal o gl 21 9% foaesa
& UE Hed o GUH @l ¢ T ghe U¥ Sl § o @ TN gede w1 el
hv &1

FRIef forere TR Yeror (g@eh! dierar W eAfeRar @i egf W feftar) wehmer-form
HHTe o qT-FEsT 3R wie- T o st foriaes fasieeres 2

Wx:%%mﬁmwwﬁ—mmaﬁﬁaﬁweﬂmﬂm%,m

FA-AT v, F R A Ted & a1 1 Ay, el w1 Fgg-am
iferheran srefqul @ iR %1 & AT % IR B 2

T

30 kV ToiaRMl o gR 3= X-fRon &t (a) S=aam emgfa den (b) fetam

T grw ity

Hifsrem o1g o1 HE-Ter 2.14 eV 21 5 6 X 10" Hz g 1 Jeh9 41d-95

W 3AMfad Bl €, Selail sl Yeh1ivieh Scdeid el &l

(a) ScafSd goiael *i Seaad Tifast S,

(b) T fave, afw

() ScHISId TehTYTeh Seiadil 1 S=aad =l fehaet 22

e fafyre v ¥ genr-fo@ g 1 3fdeh Seedl 1.5 V B 1 Scafsid FehliiTn

SeRHl &1 Ieadd TaS S TRl 22

632.8 nm TUIE 1 THAU GehTel T Eiferad- o oeL & grl 3ca= feha

S 81 Seafsta ik 9.42 mW R

(a) YT o fH-YS | UAF Wi HT Hel adl Hell Y Hiferg,

(b) =@ Freo-4s =& g faferfia ferel otea W eiiead ferad wiei ufd e
TEEN? (TE T AT foh fRTo-gS 1 Sy e THEHH € S |8 %
&% | %9 ©), 9¢

(c) U TIZGISH TLHTY] ! Wi o SReR HaTT W i o fag fovaet oF =mat
9 Fo gnm?

Teolt o S W U= arel GA-THR HT Sell-fae (Fe) 1.388 X 10°

W/m? 8| e fohae Wiei gfd ot Hiex i Yehe geat W emafad g 87 98

M of o gd-v § Wi 1 sfigd aesd 550 nm B

TehRTeI-Tagd U9E oF TEh WA H, YHT¥ g o fovg ofqsk dicedl &1 @™

4.12 x 10715V s < it 81 wiieh feemish s WM ufishfora sifs)

T 100 W Hifead sea (o19) @i feensti § weramm s fafeiia s 21 w9

1 TH UH 9 el o ohg W W@ T € S 39 R Afad Aifgan & gl geRr

1 STESTd Hedl 81 Hifea™ T 1 quresd 589 nm =1 (a) WEaH Y1 §

S 9 I 1 Sl fehaet 82 (b) el bl fohE T F WA g fopy o1 @ &2
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11.8

11.9

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

10

11

12

13

14

15

16

17

18

19

11.20

fepddt org 1 <t egfd 3.3 x 101 Hz ?1 9% 8.2 x 10 Hz 1 1 Y1l
H1q W 3T &, @ FehreT-faga IS o fau siqw dicedt 91 shifsl
fopelt o1q o foTq Hrl-%er 4.2 eV 21 1 98 91d 330 nm qUIeE o S
fafertor < fere gerTer-forga IS <2

7.21 x 10 Hz @9 %1 hE TH 91g-YE8 R UG 21 39 I3 9
6.0 X 10° m/s & I=aaH Td ¥ T Sl 8l 1@ 21 Saiql o Rl
S & oy Sgelt emgfa @ 22

488 nm TR 1 YehTeT Teh AT R W Sea— fepan iman €, T weprer-ferge
TS o SYANT | A1 Sl €| 5o 36 TSH-3E1 o Teh1Yl hi Scasieh I SATafdd
T ST € d9 YehTiRTes Soiarial &1 i (37deh) favwe 0.38 V 21 Scsish oh
1Y ST HE-He A B

56 V fawaid o g/ @fRa seraeii

(a) Gam, 3R

(b) T el aXmesd uftshferd wifem)

T gl @t Tfast Ssi 120 eV €, S

() T, (b) =Ml 3R (c) 3 Sivel e o 72

Tifean o TeH Scqsi @I o Fehi9l &l aesd 589 nm B &8 TS s A
HifsT o9 W)

() T TeiEH, 3R (b) Th =2 &1 T siivel aesd g9 gl

(@) Tk 0.040 kg %o7HH 1 92 S 1.0 km/s &1 =1dd @ =l @1 €, (b) Th
0.060 kg %o % 1% St 1.0 kmn/s &1 =Tet ¥ =1t W 8, 3N () Th el-H00
STt F7mM 1.0 x 109 kg 3R S 2.2 m/s w1 =Tet ¥ SFIHd & @I 8, &1
3 Sl aeed fepen g2

Toh ToE 3R Tk Wi Yeieh &1 a0esd 1.00 nm €l

(a) ST e,

(b) ®IE 1 Hell, 3R

(c) 3ol & Tfas Seil Ad shife)

(a) =2 =1 fFe Tfas oot o faw % st @eed 1.40 X 10°m gm?
(b) Tk =g, St =red o ey Ardig W A € @R fet 300 K W st it

3
Wrﬁng%\,aﬂ oFf 2 sirelt Toresd T FfSu
Ig TUIET o Sgaha fafeio &1 qesd 5@ Faeq (W) & W &
TR
a9 H 300 K d19 W T AL2ISH 0] 1 3 Siivell atiesd faha @2 7w uH foR
0] 9 A9 W SAUBEH % =t ot A W AEE 71 (S 1 WHIY] SFHM =

14.0076 u)
atfafaa sremd

(a) & fHafa et o aifud ohefie § ScafSid goieHl i 39 =1l &1 3Teher
HifT T8 9 IS &1 garl § 500 V o fa9aidt | W T T ¥ T
F| SelagHl o oY URMWeh =Tl w1 SUeT Y 3| Selagi 1 SATUfRIR aTE
#ufd e/m 1.76 x 10" C kg 2|

(b) HIES G99 10 MV o fou Teiaei 1 =1et 90 T & foe S8t g3 &1
HX, S (a) W H1E § A T S T MG T G H A U &2 39 G I
fh e YRR QU S Gehal 872
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11.21

11.22

11.23

11.24

11.25

11.26

fafer¥or 9o 59 &t
50 Fepfa

(a) Teh WA Selsre fohul-gs fSTaw soisi= 1 = 5.20 X 10°m s 8, W
Teh Goshid &5 1.30 x 104 T FRI0I-41 &1 =l o oleed @ sl &1
fror-gst g emfEd 97 i o fanat i, afs seieei & e/ m &1 7F
1.76 x 1011 C kg ?I

(b) =0 5 g 1 (a) & 39T H @@ 0 ® 9 Tel ff T 20 MeV goeH
Fopo ot R T WReRTerd 3 o foTu gfeae 82 A% T8 1 FRE TR
398 HeieE fan s g 2

[FrE : 319@ 11.20 (b) @2 11.21 (b) 3! SATUfRRTT Fifeh! qh o Sd &

S 39 g o fawa o aR €1 98 W 3% 39 fag W 9w 1 & fau afmfed

fopan T @ o TS99 Gl 1 o (@) § ST A o € o 9gd Se9 W@l st

Fetieli W IFFRE T Bl T8 T ok fu i Sy S = 1o el

1 @1 22 3fd | fEu U Sy 1 2W]

Teh TR T TSRt e 100 V fa9ea | #, T %9 T (~102mm Hg)

W TESSH § R TMARR dod | soide Siedl ¢ Th gaid &7 g 7

2.83 x 10*T 2, 319 & A1 %1 12.0 cm 521 & g el § oifshd Y

<1 81 (39 AR R @1 S Tehel © IR qE H TG A fRTO-gS Rl geraq

1 3Tt Hich 3R SAT WL o GHI YehT¥l Scai Fich HIhd Hd ¢ ; 39

fafy =1 ‘aftspa fareor-gs 7o’ fafy wed 21) siiwel @ e/m %1 AF fawifa

Al

(@) T X-fotor et fafetor &1 U @aa Teen fomsr oy aoesd
a0 0.45 A W B, 3= e 2| fafwwor o foreht wiel 1 Seaam ool
ferait 22

(b) M (a) & IW ¥ ATAH @MET fF fora wife w @F e (3RMA F
feTe) &1 39 el § Sfrervashar 872

T @S (accelerator) Far | Wil (e*) o |t SeiaRHl o Sea-Fell GogA

R, TH faftre w1 1 = 5 Fu 10.2 BeV & Soleg[-iagd I o

TR Foll sl < y-Toroll & foreio & &9 o 1 St 81 gcish y-fontor @ gaifer

T o HE 1 B2 (1BeV = 109 eV)

M A orell | TSl 1 ke Ude B Ghdl ¢l Usell el I8 Faara)

o e aAfvmife wieM o1 sifts far #= 7& *d)| g0l §& e I

A foh TAR A7 CwieH w1 A Fo T8 R gehd, ol g YRR 9rh-drh

Y= 9 Bl

(a) T 929 9 (medium wave) 10 kW Emed & U, St 500 m dresd &
fea @ Scafsia il €, o 5N fa Hohe Scafsld WwieH! 1 T

(b) Freram e 1 vaq e 54 &q <@ Tohd € (~1071°W m?) & G
e F HEn S U e T A # gt ¥ e w31 e
ghel ORI 0.4 cm? 3R vad YRRl 1 SfEd ogfd i ohre
6 x 10" Hz =fu)

Tk 100 W 9IRS (Mercury) &id d S 2271 A TR &1 QT FehTel

T uifdeeTH org 9 Hifd g ¥t fafwfa s 21 afe F e

~1.3V &, @ o1g o HE-He &1 ke Hifatl Tk He-Ne AR R Scd—

6328 A o 39 fiFal (~105W m2) o el WhT¥T o 91 YT 9t fohd R

S T
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11.27

11.28

11.29

11.30

11.31

11.32

11.33

11.34

T A o7 ¥ 39 640.2 nm (1Inm = 10°m) TG T THaof fafmzo
T W i ¥ fAfdd weher-gedt weref w1 fafwfa s g1 FRe e
0.54 V AT St €1 a1 Tk die-8id ¥ a5a a1 S 81 59kt 427.2 nm
-3 SHt geRter Wet o fafenia st 21 T R aieear sty
Th GRS oY, WA Scaeid *i egha feRar o semed & faw wm
gfaerser @iq €, Fifh T8 T9a-TaeH & e (UV) § o BR q% &
Tui-@Td Sedfsid a1 81 Telfeqd g ¥t o gAR FAT H, IR (Mercury)
a1 e ui-Yane w1 g fwa T
A, =3650 A, A= 4047 A, \,= 4358 A, A= 5461 A, A .= 6907 A,
e aieedrd, swaw: e A T
vV, =128V, V_ =0.95V,V_ =0.74V,V, =0.16V,V,_=0V
(a) =i Rl h &AM @ ST
(b) =g o fow <gelt emgfa qen wrEi-we &1 e HifaT|
[Fe : ST kel § h &1 I A1 S o foTu 39kl e = 1.6 X 10-1°C &I
STMEvTRd BRM| $9 UhR o YA Na, Li, K 37fg o fau fafass 3 feo o
fafeter = ST0H IA-9% YA ¥ D e o T HT TN Y SSEIET ok TRl
forea wefteRor o1 Tenfya foran den 5= &l § h oh 9 o fou gerep sTaM
]
=1 urgen o SE-wer e YR fRe Tu R
Na: 2.75 eV; K: 2.30 eV; Mo: 4.17€V; Ni: 5.15eV | 399 =igsii o 9
% ¥ ¥l ¥ 1 m P W@ T He-Cd @& ¥ 3@ 3300 A T &
faferor & foru yeRmeT-foea Sesi &1 JmM? R *1 ¥a & e 50 cm 3
R @A W F EM?
10-5Wm-2 el 1 YehT¥l Teh Hifedd YT ¥a o 2 cm? &9%d o J53 | TSl
2T WA o foF W 1 G w1 ui" W safad el e S §,
1 faferor o T-faar o yermer-fogm seasiq o6 fou stavas 9w &1 stehed
gﬁﬁmm%fmm—wmwzwﬁmw%lmwwwﬁmﬁ
|
X-FRTonl & gnT StereT SUH dicedl ¥ @fkd soiaerl § fhea-faads v fet
ST Gehd €1 wH-F S ik Sl Gerg 87 (aRmforg ger o foa, St & forg
T 1 1 A eifSe, St for Siereh (SIfe®) H SAq-TRa] fawor & hife &1 2)
(m=9.11 x 10*'kg)|
(a) T =g, foraeht Tifast Fif 150 eV 2, 1 < sifrelt airresd g swiferg) sim
o o e1rg 11.31 ® @0 B, 3o Sl T Selaeq fRo-g9 frea
forerd v o foIu Suge 21 S GHH Sl 1 Uk g2 FRo-g 39 Tan
% foT wHA B9 9 SUFH B2 T FIU (m, = 1.675 X 1027 kg)
(b) o HHRI 19 (27 °C) W FH = § IS 2 sirell qeesd 6 Bty
T8 YRR T HIFC o = Teoh diommm =2 i =eiq-foee™ w=amm o Suam
o oM 9 Y8l oIdeRoT o WY qrdiehd fehan S 2
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