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Cs 2.14 Al 4.28
K 2.30 Hg 4.49
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Ca 3.20 Ag 4.70
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¥ fRu yerror-faga gae @ defud @t geon & e wWa @
URepd BT W WA Hl 2l
o THEIU (11.2) o TIER, &0 o &Y, K, JF[W v W
areha: e st @ IR fafertor &1 digar w feR 72 et
B U STy g3 ® aifen STEEerE o fason ®, yenre-fagd
JIS el Soiaeid g fafehtor o uehat Faiey o STavivor o
I B 21 fafsmeor &1 diaar (S St saien w1 gen i
ST BTl Uid SehTS THY o STThHAT §) TH qol Tk
¥ foru e7gva B
o R K, U1 TR T2 B0, TR0 (11.2) ® ¥ sfaffed
2 o wehrer-faga Scas asft w9e € v
hv> ¢,
e

V> vy, SRl

(11.3)

TR (11.3) o ATIR, HE-THe ¢, o e 99 o6 fag,
TehTITeh Seraeid ScHieTd hid o O Tavdeh ~gaaq AeEl
3gelt g v, 1 A Sifi B 39 YRR, T <Eel sgha
V(= go/h) dfa ® Bt © fwd ww emgfn W OwE
TehTI-Tarega Scasi Hog Tl 2, =R fafro & dod oo of
F AT A a8 IS W R oft [ | A wR

o 3T oo o, fafertor &1 o, St s ufiefad 8, St s
Ht &N Ufd ShTE &FhE Ul SehTe UHA o ST Srdt
2| fort stfuer demn o Sl e SueTsy 21, 3a &l atfue
e § geleR &Sl Jeliel o1 ey i SR gEfaw (v>
v, o ) u1g @ 9T o1 aTel el i §e Iadt &t
gfersw =il zgd 9g Tuse ® WAl 2 fw sl
v> v, o T wehTer-forgd o e o STIshETIA B 2

o AEWIEA ok fauul H, yhTer-faga yvE | Tw el o gR




fafeor qen =3 &t
50 TeHfa

WhTYl o Wk SeleH 1 SAERIU gol Weifher Uisha gl €1 98 Ui dreiforen

Bl 21 39 WO, dioa Hefd fafeor @eie w gen =% e o e,

TehTeT-faea IS dretfures € 2RI & i ¥ Scei § faeie el g i

ol Wik Fiehan oel Wit diear ¥ sheaet 78 Treifa e @ R fora solei

9 M Uik (U Tohal Soiaeid 511 Ueh YehTeT FaleH ohl STaeuT) § AN

o Heh ATl TRl 1 HEA W € Y- e ¢r o uiemr w1 frafior g g
WW_U%T(11.1)w3qaﬁﬂm,w—ﬁaﬂww(11.2)@%%%1@131
Hehdl

eVo=hv-g¢, ;% fawv>y,

SOV, = [g)v_%o (11.4)

T Tk eyl uRong 21 59 98 Ui e © 5 Vv, % faes v 9% T
Wl @ €, fen e = (h/e), S T uwd &1 yepfa W sl @ s
1906-1916 o Hea, Tafciehe 31 TSR o YhI-Tagd Tl i TTAMIT H
o oIy FehTo-aed 99e W YA i gEen i o 115 | S9ie SER, $e
Hifeaw o fou WM T @1 1 S A e o A JF b1 STIN Y ST s
T h @1 WM fifa fwen ol 9% 9F < e oF 39 AH (= 6.626 x 10~
317 s) o Tiahe a1 fod faepa & fa=1 Ty o 5a foven T/ ol 38 TR ¥ 1916
o fafctehs 37 STEwRTRA o YehTel-faga FHIhIol Sl STHIG i oh T T IHHT
T i wfud feam

TeRTRT FaTel hi UReedHl T8 h Tl ¢, o TH (S 3T YA § < 94 § 5
T §) o Ui o STE @ YeRe-fagd 99 o S o (o0 s Wi
1| fafesra = yeRer-fora TR @ ST IRl O #E aRig uigen o for
fafer-smgfat o fowga wa o fou genfaa feam

11.7 YeRIIT i UM UHd : HEH

yehe-faga w3 3@ fawaon 9o 1yt e fF g et s & Ty
I ferel ® 39 YRR HOER hidl € S T8 Sl el S oh Yohe (S W
1 ol h v @) =1 &4 @

1 YT ST o FeieH I fREl K0 G Hag {1 S Hehdl 82 SAEEERE Th
Hewqul qRumd R 9EH foh YeRTel Fied 1 §aT (h v/c) W Gag fwa S Hehdn B
Fofl o WU-T1et Gam 1 e A 59 yael guw © R YR Faled w0l
Y o o S Tehel €1 39 01 1 9% H Bl 9 KA1 T YT o 0T Sl
EER ! T, TH. hTe (1892-1962) o Toiei o g X-ThTull o Fehivid o waiT
¥ w1 1924 ¥ : g o o gifaes difqent & G qen yer-fagd g
% AT HE o fIU SRR w1 1921 | HifdeT 1 ool JEHR T T T
o o @ oo e emI-faga v W few U wE & faw v 1923 H
frferne =61 Wifcert 1 ieel TR 9gE feman @

B Sgageshia fafeo & wieH faso &1 qe FEgER @ g €
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% wifae

() fofertor o 5o7 o WY == T o, fafehto 56 YR =aaer e @ 9l 98
W & ¥ & el TR Wi wEd 2l

(i) TR WIS 1 ST E(=hy) Bl ® 3R Wl p (= h v/c) T =1 ¢ et 81 STl
c TS 1 = 2

(iii) Tk Tfy= emafa v, steren qeresd A, & gt wie A %1 S E (=hy = he/ ) 3R
AT p (= hv/c=h/4), ThaaE B € (faferor st dioar = s «ft &) | et
& T qeEd o WeRTe 1 el Ig W shael TR fET T & ¥ e At
i Yehe Wil i GEA € agdl € (W Wil i Sl ThEHE gl €) | 3T:
RIS @I Sett fafehor &t diadr R R T8t wat

(iv) Wi foaga Seie e € @R foga qen gewia & @& gm faeifm
T g

(v) WRMA-%0 Tog (S8 fF FreM-soeg S9g) § ot Sl 9o @ o s
@a & qurfy, feh weg o wieH w1 wem o Wi T ® gt 81 Wi
TN B Hehel € NEl Th a1 HieH giod &l gehal 21

IETEI0T 11.1 6.0 x10'* Hz 39 1 ol Fehmer fomddt o o g/ 3ca= foman
S 21 IS Al 2.0 x107° W B (a) b1 fRor-gs o fopell wieq &1 ot
foralt 22 (b) 9id & g0 o Ed 9 W ufd Sebe ford Wil Ia@fed B 87

k35
(a) IIF Wi i Holl grft
E=hv=(6.63x102*Js) (6.0 x10* Hz)
=3.98 x 10719y

(b) I B o g Wi Yehe Seafsia B2l 1 §@ N 2 al foheor-gst o wefia e
P 0 WeM e E % N A1 ort 99 ff P=NE | T

_P_2.0x10°W
" E 3.98x107%J

= 5.0 x 10" W[ ¥fa ¥ehe

N

34T80T 11.1

IIEAOT 11.2 A HifTTw w1 FE-wer 2,14 eV © A GRehe Iy
(a) Eifsrm =t et ST qen (b) SATafad TehTeT o1 quTess, afs YehTvmeh €N i
0.60 V =1 T& Fush fava awmet 3= fovan Sy

&1
(a) i SFEN St AN o faw, smafaa fafwor 1 St h v, ®E Bl ¢, 6
TAM T 21 o

= fo_ _ 2.14eV

h ~ 6.63x10%Js

19
_ 2.14x1.6 ><_314O J —5.16x 10" Hz
6.63x10"J s

T YR y,=5.16 x 10"* Hz ¥ &7 sl o 1T, i Tehiiireh seieei
T @ e S

(b) IfSIA TR SeiaReAl i Ieaad Thasl Sl e V) feerfast s (deq-fasa
V, % BR1) % 9O g1 &1 feafa o wehifers om0 81 S 81 STEwE
WehTe-farga TefeRer = ©

3aTe{0r 11.2
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faferyor aen 5= =t
51 i

eVO=hv—¢0=h—; - 4o

YA A= he/(eV, + ¢,)

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

19.89 x10°Jm
(2.74¢V)
19.89 x10°°J m

A= —5 - =454 nm
2.74x1.6x10"°J

SETEYOT 11.3 399 &5 | T 71, Wed-gd T 9 offed 1 o Y19l 1 s
FHY: ATHT 390 nm, TIHT 550 nm (3ET TERE) T ST 760 nm B
(a) S¥9 & o T1=1 Y1 o foIq Wie &1 ol (eV) & erit: (i) s fa;

(i) T-8Y TT FT oI9d qCTesd; a0 (iii) el T899 (h = 6.63x10734 J s den
1 eV = 1.6x10 19)

(b) THT-TaS! = o fog @ 11.1 ® U U -t o WE a9 (a) 994

kY

(a)

(b)

o (i), (ii) T (iii) SO o GROTH T ITART H A U FAT AT 39T YR F

1t e FR Gk aTell Yot faega gfed 1 ge Y gehd €7

aafad Wi &l el E = hv = he/A

E = (6.63x103%J s) (3x10% m/s)/ A
- 1.989x10*°Jm

2
() ST g o faw A, = 30 (?(ﬁsafﬁvf fa)
. . X m

Sfad WIeH S, By = ~ 550 159

=5.10 x 107'%J

_ 5.10°107"°J

T1.6x107° J/ev

=3.19 eV

(i) -8 T o AT, 4, = 550 nm (3fEa qTEE)
. 1.989 x10™% Jm
Sfad W S, E, = =509 m
=3.62x101°J = 2.26 eV

(iii) TS FHTRT AT, A, = 760 nm (=9 WA Fn)

. 1.989 x10™° Jm
STl Wied Sofl, By = — oo oo

=2.62x107°J = 1.64 eV

foreht yermer-foea gfea & & o fau smufaa gemen e E o1 9 g9 usred
o HE-e o T oh FHM A1 Afeh S SR 3T: ST 9o (E=3.19
V) & o /e #= gkt arelt - fo=d gfe o yehmer-wadt usiel, Na (r
W ¢, = 2.75 €V), K (FE-HeH ¢, = 2.30 eV) T Cs (FH-el g, =
2.14 €V) 8 Thd g1 T8 g diei-2 Yol (E = 2.26 eV) % o ye-gad
e Cs (FE-FEH ¢, = 2.14 eV), & ST ¥ & FE HT That 21 701,
IE IR AT T (E = 1.64 €V) o o 3w i 5 9 forslt germr-wadt
1l o SUANT § FHT &l HL Goh|

C'IT lnr2ibe

€'TT lnr21be

399



% wifae

400

11.8 ¥ ht AT Yahfd

R (MU AR R Sgagash i fafantor) &1 g gl (q-h01), adam qen gd
FEEl H fRT MU e gW, T ®Y U Yhe Bl B WY i Ol Wehid
SfeeRTr, foerd qen ga st uREeTel § gRemeR e €1 g 3R, wehre-faea
S qA A e T Sl SR Ham 1 Saw g @, fafeor 58 yen
SEER H € TR A A8 HON o e Al Wi W & @l o Siee
- o W i fRd wET i wHeE W waifish SUgE €, T8 WA i Wehid
W iR B1 SeEww o forg, oo e o TRl O i <Ed w1 guRfed weT |
T &Y Tesor Hewgul €1 A5 oW gR UhTel Sl Uehs R Wihd i ! Ufehal whi
qT-fesror @ welt-wifa faafea fman wn 81 wq saem vkt qun v (e
o) BRI AU § Wi Tes0l % AEvgehd el Bl

T @Iferk 999 I 3ol ® Tk afe fafseor =61 ga wepfa (a1 9o &) ® @
I YR o HOT (SeiaH, Wi enfe) ot aT-Sien wiei yeid s 827 W 1924
o weh Wi fifaerosie oEd foee % sl (e SRy ¥ 3¢ g8 e ? 9
I ST ®) (1892 - 1987) 3 U fasffr uRiehed i weqa e for wered on
T o1 SuER ufRfeerfaal o @ g o wefiid ) wehd €1 SE Ig adh fean
o wepfar Tmfa © ok < gor Hifaer Twnst, 51 wd ol 1 ot gufid wemor g
wifew) =fg faferor =61 ga oeror @ @ g7 o1 oft g =i < sl 7 weartaa fean
o T p % HU ok WY JEt e 4 e geRR @i ST geRdt @

PRSI (11.5)
p mbv

&l m U 1 FIAM q91 v TR A &1 GHH (11.5) i 3 FvCl F Gy
AR Fo7-TT o RS 1 I 7 Fiell qesd wEd ¢ 5o4 I 54 WEY 3 el
% TaY § T 7| GH (11.5) F 9% AR, 4 T H A9 e 8 R
o p w1 1 TofTe weror €1 wiish feedism h Sl el okl S e

T (11.5) Th G- & foru Hoid: sk afishouqt & faget aehdmfa
ohael AT o gR €1 W@ S Hehdl B1 AU, I€ @A U9 ¢ R U€ T wier
% g0 oft G Bl 21 U Wi ok forg, S TR ge < g,

p=hv/c (11.6)
zafery,

h ¢

;=;=/1 (11.7)

AU, T HIEH 1 % Sl s S wHisR (11.5) g & T SH
SgAgee T fafehtor o qUIRE oF THM Bil © Al B fafehior shi Sl e gam
F1 TH FH B

TIRA: HHIGIO (11.5) o 3R, 1 T& AR 9 &0 (S m) e sifeen
Tt H (I v) o fow Bl M SR * AU, T 0.12 kg S HT
T St 20 m s! & WA ¥ TqA @R, B2 A s H e § qieper
fran S wehar 2



fafeor qen =3 &t
50 TeHfa

IS Tl (TR HeA) ThTel-Toe[d 99md o1 T ¥eq Tt Syan 81 98 T G g @ S qenmer-Sott
1 JEA-SoTl 8 F5a <l 21 T Fefi-sheft fogd 7 off Fed T TF FI U H T 1e-SeHIRR Fehe-gad eg
gt C (SESih) et € 3R T dR o1 99 (o) A (FUES) T faifaa g a1 Fads ood o ol 2 2
20 ot o <wiie SR et = aRue & weh Seu-fawd e B e AgshiUHe (LA) o o1 St feran St
2, wef-weft ufeeh C & woF R, yhw-Had usied () ® U gdel W Sed w1 Had Tae R Fagent € s
21 908 o T W i ik Big o sman @ s & gepmn

TOH YAl HY Hoh |
e SUE T hT YR Scsish C W 9Sdl € L
TR ScafSid B B 3 FeRTIYTeh ol Waesh T SATehTta
g W 21 forddl g 9 ¥ $9 AEHNER Hi R &Y C
YR SR W i STl 2 ' e
TH TR §A FarK-aed J GEa Y GRS AN gageie A

¥ it FT Thar 21 Tg U FEE0 qF o W SR
WISl WG iR | STAN W o S Hehdl g1 e
fafertor o fau ot oie TowEe o YT Hall ol ITA
TR Yeaer uitael § feman S 2

STk Tl H, WISl BT ol 1 A9 o Tt St
H wehter el 1 STANT fHa Sl B BIET Sl | gehTt
HIYek YehTYT W&l 1 IUYART 3TUfAd YehTST i e A o
Y T | T gR s § Yool 96l 1 YA gR-WehTSl
forgr uRtaer & € 21 gR 1 SR Sed gu AT gRl Tl
Tl T TS a1t Toh1e1 G S e Tehd B | Teh1ivreh or o
3TIF BM AT S8 1 AN §R WieH o feg Hiet s T
YR A | A1 ST a9 H R ST wehar 1 SR STEnT
S UM gfert o e ® ot o St @ S wenre fRo-ge
1 Tk T, Sl RRTOI-GS o IR feRdlt oo S7ere o o ST o R0l S Bl ©, i 3ifehd hedl B TEfeTT,
TeRTS1 Ul TRl SeTe W YAl wd arel SATHREl i MO i | WAl Sl €, 97 o faene we § Th-uw
Yok FOTT I | STohT SYANT AT o digs arell %1 qgw o forg feren sman 21 v/ o faferor &
fRto-gs 1 sreriferd foRan STar @ o Tk Tord SSEn S "ehan 2

R TA™ W, TSI R (31G9F) i Had FAv-gR W T Yol Uel W Sl Sl ¢l g oAt s
ER W Y9 LAl 2 O Wbt Uel W IS ol TohTur-Gl sh1 STariferd s €1 WehTerh TR -4 § STehTesh aited
1 SYAN Tk T 51 o SoH 9 IR TR S 71 SAfie-ued |, 9o | Sugs T R E yehe g et
T T W F1 ST T W geRTe R R 9a W qed €)1 vHd U faEd S stedn uw |ig @ gt 9
et wfkder o & S ® iR g8 Tk Sdee-Gohd oF €9 § hd HET YRY HL A 2

YRTET Tl T ST Tt Tosn § eaf oF qece qen Jefifes e § S99 o ShHEIE (scanning) qe
fefesT TEROT (telecasting)  TeRan STl €1 S¥ehT TART ST | o1 w1 =1ed ® B Jfeal aen gl #1 @

¥ o firan s 21 ‘

p=mv=0.12kgx20ms ' =240 kgms

L. h 6.63x10°J s 0,76 x 10-H
" p 240kgms’ ~ 7 % m 401




Tg s Tl B © foh @ fonelt mroe w1 g 9 A @)
7€t Rl ® o Toe oequ AR <R Sfed § a-wgw o e
TEIMA | SHA AR, TF-TAIfvaesh WA (Sub-atomic domain)
H, HUI w1 T AV HE@U & qeN W A 2

Th SR (M m, a9 o) 58 faummeeen @ s fawg
V gW @i foha e €, 1 fa=m Y| goee[ & eSSt K
39 W for[d & gu fohT 0 & (Ve) o auex g ¢

K=eV (11.8)
aﬁK:%m&: 21’; . ford
Ea faeeT 3 Wit (1892 - p=y2mK =2m eV (11.9)
1987) wig difvwfar, faei e S 1 S STl aesd A'm
To1 H T Bk FT iR n R "
T fergi & w0 forsf e h, m ¢ e % Gifeqs AM &l WM & W g0 5 79
T, FST8 g d-itent wed d §
%Isﬁﬂaﬁ*aﬁwwﬁraﬁ@ﬁ P 1.227 o
o foTe 3% 9 1929 H SRt TEhR v (11.11)
| gemfa feean T

&l V e fawe o1 diee | AH Bl T 120 V O fawe o
o, I (11.11) § 4 = 0.112 nm W< 811 81 98 qUes
T e F  Farht 5 faeel § TR Tl % @ e 3
SO I Hehd THerdl § T T soie 9 SEI v aw & X-for foeda i@
fopeee foeds gamTl & ow@n S Tehal 21 B9 STl SN | 2 siivell i ufehedH
o UTAITTeR TeT ST G T SeiaiA i qUNd Yehfd i @il oh fore 3 sl
HI 1929 H ifceRT o Hee [WERR 9 geifa fRan T

S~ feau 7 wgsHeat o STffedar fagra wt ufted w9 | gEifas
o1 59 fogTd o ER, T% & 999 W R seiaei™ (stuan %I oIk %01) i
feorfq we Wam gl i IR ©9 W /O SEHE 81 EHI € B AHEad (Ax)
frarfa & fafder ot o affemaar (ap) gam o fafader o =it 21 Ax @ Ap
o TUAEA B Tk e @ gt ®, S A% (ST 7= h/2n) 1 I ®1 e
2, a1

AxAp~h (11.12)

GHIRTOT (11.12) 39 WA 1 STH a1 8 R Ax I @ W @9 A p I e
BT =T fred o ot I 7 811 56 WehR A Ap I BT €, 99 Ax 31d
R, 31 Ax T Ap I Tl B S99 fof 39er1 RS 7 <hife 1 B
o9 AT Tk Tea M= WA p (319fd Ap = 0) &1, 9 < sivell Tae % 3w,

402 © uF o REE REE W AxAp > h/2 U E R




a1 e (1) fifvea e ww e ()
e Y T Rl R Hqol T § g ®1 S 5
TRIehal S © sHeRT 19 I8 g3T o sore T o6
foreht fAfv=a & o warifea 81 s erefq, S9! feufa
A=A 3 d B (Ax — o0) S AT=aa o fagia
% WY EE 2

A SR o 91 ST TRIY-a GYUl SR
o forega &l Bt T8 Toh qI-Uche o &Y A TR
o e ffyea & o forga wian 81 s feufa § Ax ora
T2 Bl & ek aUT-Uehe oh o WX 40X g9ehT h1g
IRfHa 7 Bl 81 AaeR w8 off S =R TR uifha
o 1 fordt T-Tehe o1 qOTesd Tehel & Bl
g fordlt sheda queE & SEuE fasgd aues 9
o B 2

q, T FCl o Y S gRI, AT ok GAT
oft T TR BT — Ap =1 SATY=raan a8 AfAfy=aa
o Hay 9 e 21 o g (STufh sig € T
?) ¥ W' < S Gkl @ foF ain-tene fereror 2
FTel Tee T S -UTiIehdl STEAT o Y BTgSiat
Al fTaad-gay &1 Uiy &9 § Yo Hdl B

A 12 H, 3 Sl Hay ot R wery o
AR o HIUNG G h FACHR W AR
fehea T T THLIAT i I g A |

fo 11.6(a) ¥ T Turifad a@-tehe qern fom
11.6(b) ® fifvea e o fau foga @@ =
e o @it o 2

:-mgwlu(a ) TF TodR[ S 5.4x10° m/s #1 9@ 9 TG X @I
%Wﬁaﬁ@ﬁ?\'sﬁSOOm/saﬁW@WﬁlW@% e

1 ghft?
(a) BRI I
A m =9.11x 102 kg, & v=5.4x10°m/s

faferyor aen 5= =t
51 i

VAVA\/ VAVAV
A NN

VAAVARV;

(b)

97 11.6 (a) TF TR &1 W-Uehe Toeron faet
fog o oM o o i 3T o3 W sara™ +i Wi
T o WY Hetud foRen T 81 aT-tene Rt SR
qOTeE o S qUTesd o foredr (3 39 R 2
St Hey o g, Woul % forr) o WYl el Tl B
uftome:, g frofq & stffyedar (AN o) dam o
srffyea (Ap) © Se1 21 (b) Tt seme o fafvem
ﬂﬁﬂ@ﬁﬁ@ﬁ@ﬂ?ﬂﬂ{ﬂfwﬁw@ﬂﬁl
WWﬁAp=Oaﬁ'{Axaool

2,
3

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

p =4.92 x 10%* kg m/s
3 sl qaTes, A = h/p

6.63x107°

" 492102 kg m/s

A=0.135 nm
b) 7 & fam
$F9H m’ = 0.150 kg, 37 v’ = 30.0 m/s
T FoT
p'=m v’ =0.150 (kg) x 30.0 (m/s)
p'=4.50kgm/s
T el aee A = h/p!

P'IT lni2ibe
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B 6.63x10°* Js
 450x kgm/s
A'=1.47 x10%* m

TSR o o 3 il qresd X-feron e o oM #1 g g o for 7 we
o R ok e 10710 TA1 ] S YR /oA i W % foerset 9w 2l

3T 11.4

IEAUT 11.5 TF TR, TH o-H01 921 Th WH 1 Tias S T9E 21 38 °
o o1 1 2 Sielt quesd = eit?

'

et w1 o forg, 2 sivelt @esd 4 = h/p Rl

Tfast et K = p?/2m

3q:, 1=h/2mK

TN A St Kok T fereft or & T % sifvelt e ek Some o onia
% AT €1 Wl (1H) seiei ¥ 1836 TA1 9 € oM %71 (3He) WeiA
¥ =R T AW R

3T: o — T BT 3 Sl RS =aE g

&l 39 9 W foER w3 3faq g fe Tt o (S geeed), O Halid geg-aw o R Y
21 or&qd |, et qen gou qun fafeRo o g9 Wl 1 Uk a&qd: Garveee difae w9e faskied
&l B Weh! B FAICH-ACNRT o HE Femaehl (Fod dey, 3o AEEET AR * 374) 3 39 ae
Y Hofd Gehourtell o WY 9gd WHA qh Ho fohan| ot off aren-Aifent it e wifaeh sare
Tfspar TN k1 fawa o1 g 21 9ok id gU off, So7-X h1 Hehoudl Sl Sl Toheldl oh Y SR
Faleq-Afeht | T dR W gfase fpan w21 39 GeY § Uw "eequl Sudied 98 @ TR Sw
ey i (1882-1970) F SoA-RT o 3MEMH 1 Teh Adehal-oAT& GoE| 59k AR, frdt fag
TR FH-q1 1 el (STEM 1 ) SH f6g W w0 1 Aiendr-se Feifa wiar @1 wifded s
w1 31 Wifgehar ufd g e ?1 39 YR, 9k R fig W A w0 w1 emm ® @ 1A12 AV
39 fog & 91 R AV oY 3TFdH | SH ®U1 o WU S i Mgk 21 7a: fhdt faftre & o
A G- 1 Aol SAfeh ®, 9 SHeh! qorl | STl Aol wH §, U1 % UT SH i ek

At B ‘

SETETUT 11.6 T U1, AT 1 TU&T A 1 1ok =1l @ 7 Y @1 21 39
0T 1 2 STl GO 1 s H1 2 el qeresd ¥ ouE 1.813 x 1074 1
U o FHHEM 1 URHAT BT qq1 T 1 G

&
Tfq 0 Y T (S m Gl 3 p) i 2 Fived aes

3a1gYul 11.5

34T&0T 11.6

404



“h_h
=

STHM m = h/Av

TR & FFEE m, = h/A4, v,
%ﬁiﬂﬁ%ﬁﬁv/ve=3?lm
A, =1.813x 107*

A

A v

e e

E——

15}

m=(9.11x103 kg) x (1/3) x (1/1.813 x 107

m=1.675 x 10" kg

TH STHM 1 O WA A1 <A 8 Gehdl B

faferyor aen 5= =t
51 i

9'TIT lnr2ibe

IR 11.7 100 V oh Ta9eiat g @iia et Seieei § Hefed < sivelt

qaTesd &1 uReerd Hifu)

TA & 999 V=100V

2 gitelt auneEd 4 Bl
/1=h/p:'an

1227

V100

TR | Hefud R Sl aiesd X-feRtur qesAl i wife w1 2l
11.9 faas qer wHT v

= nm = 0.123 nm

L'TT lnr2ibe

TSR 1 O Tehid TR 9 R gaued 6.9, SfaET 9U1 Te. e, S o g
1927 ¥ o1 Tods &9 G SNl I o g 1928 H GAfud &1 T off| g7 S=eh!

F ) ES PR S
YU o g faads a1 deror
foran o WS, SfaEa (1881-1958)
AR S TEEE (1892-1975) A
fora & g sl o faads &t
At @it o few 1937 ° 9ge
w9 § o JERR W R
Sfamm qen s & wrEfiew
o fom 11.7 ¥ <ol R
T TF ‘soieed T e § S U
A dq F ot o et 2, |
AfEm SfeEES &1 oY B 2l 39
+9 fawa (L.T. s<d) o 7 fma
Sl 1 Rl S=a dieed SS9
(HT s=d) g1 Sugs fava ez

2
H.T.

o 11.7 SfaEa-sR satae foada =qazen 405
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http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/presentation-speech.html

FOTRI-Y&HEEN 1 foeh

|

& YA § q9 g Scafed soleRil w1 Ufsow av a% wid R Sl 81 3
T o TS99 sHeh A& o GHI Udel 198 B ©, § UIRd ek TE uad
R4 o ®U § WHiGRG T foran ST 21 39 fRo-gs i s TRt e
% I8 R Sl Sl Bl hed o wEEt o grr seiag quft fenent o yenifufa
B F| R fom ¥ YR e fROLTE W G W o gaeE
(HUTEH) o gR WA STl €1 WYEH ! GREHR WG T SERT S Fehdl € AR
T GUE! Todqmiel & ay gafsa o Ko s 8, St o 1 sifeRd e 2l
e ¥ Fe woew § W R a9 e g # dea
SFHATU Bl Bl T8 STH il Tk faifad i § qieg L <3 81 ggeh
I gRHR Aot R fafq feafaat & gt yenifofa gorei= forto-gst st e
w1 fafe=1 a7erier o & O o fAT (SAUen YRIUN o HI0) 9 I AU ®, S
for emmafaa iR wenifofa soieei foheor gt o st =1 101 gran B1 wenifold soieerat
1 digar ([) ° i S0 9 o |y 9iad ot fafi= = favel o fag o=
IERIls ]

R a9 & 44V 9 68V & WH o AT 3§ TN I 94 fwam T
Sferga—seR W & Rl @ <l T 21 9e umn T fE ue dien faad
3feass o 90 T Yaa RReR, @ favd 54 V@ YeIUH iU 6 = 50° W
ToieRe foreor ©, wehe Bt 81 U fafyme fewn o fier w1 9% wehed e o
TRE[E o HHH A i Wl @ gl o HUIH SAfqeRol % RO Bl 2l
SR faada H99 ¥ §o9-a &1 qUTesd 0.165 nm W< T |

2 given qoTeEd 4 [SHE (11.11) 3 ST 9] V=54 V & T soieei &1
o= /= g e

1.227

Jv

A=h/p= nm

1.227
= N nm = 0.167 nm

;T SN W % Ygifaw qel TEN g U WM § S99 WeArd o
STTEA-SH AT 59 YRR FATERIel ®9 ¥ SOl i a%i Yehfd q ] el ey
1 gfic LT 21 WISl 1 T-Uehfa o fag frw T e v & wmed gorei
IS &1 TI-Wepid 1 T 1989 H YT &9 § YRR fohal T ¥ 1994 #
SIS STuEti (SN gelaeil 1 ol | oNIHT <6 o T 9RI §) o We SAfqeRiol
s W 1 ST g 2

2 Sitelt @t ufeheuT eyt @eren AT o faem ¥ emuR W 2 TE
TARIA-TehTveh! fawa o1 off faefia fovan 21 soee o aUE 0N 1 SUEN
TASR-gereet & ffor § fRar mn €, S vehw-gameE w1 qor H Seaw
faded & SN TH 9gd S8l GUR 2|




fafeor qen =3 &t
50 TeHfa

Q9T

et soiae i o1g § R e & fau =Aa| Se1 & e1g 61 SE-wed
Fed T Ug-TS W ToHRH-IES o U sreavad S (FE-wed ¢ 9
3P ) 1 ST A9 ST2faT Yol Taga &1 S1efen Suga Tafd o JehTel g
faferfta & o & <1 "t 21

ehHTel-fagd qomE ogeti ¥ UG T o YRSl ¥ TSI i W geaeHl ok
e H1 GRS B hS U WS Rl 9 ufdfwa w § Wi g
TYI-ThTEl o for ot gurel &1 yeRre-faea qume o WehTer Sl 1 agd Sl §
TR B 21 T8 Sol o TX&T01 o T19| 1 UIer Hidl 1 FehTel-foge Scast
T AR URAT ® SR sheh e fafime @em g )
wﬁgﬁm 3T YeRTST i dfierdl, (if) I SoiaRiel o e oIl T
faTet, @R (iii) St o qa1ed 1 wehtd R R w2

ek favwa (V) (i) sTfaa wermer &t s7afa oIk (i) Scosien wared #1 9gfa ®
eft ohtan 21 smmafaa geRTen 1 et € g et o forg, 97 Eent diga W s
TE a1 B Yok fawa 1 Scafsia soiagHl 1 Seuad Tas el ° Fefd 2
eV=lmv2 =K__

@ﬁ'ﬁﬂﬁm(%@ﬁm) v, o 9 S g sfuaam €, wE
mﬁwwﬁaﬁ@ma@mmaﬁmmﬁﬁwwqm
FATHRT TI-TIGIq TRRI-Taga THE o q&A A0 i AT 78] L Tl
THhT fofertor @ Sff 1 Haq sterioor 1 fosor K_at o 9 @, v o
AT 3T TH UIHAT 1 AT Wehfd 1 oAl el Y Wehl| SEEEA 3 &1
AL 1 AT YT o HiH- =01 o SR W FHT| Tk STTAR ThTe, Frsil
o fafae Yohel @ =1 8, f9= 3 1o WieiH *ed B 1 Wi Wiz i Sl
E(= h1) 3R p (= h/)) B g, St fof emmafad genmer =1 e (v) w fsl
T W T ol W R T w1 o o g ° Yehel-ToRd Soas T
TARHA o GN WA % SISOl ¥ B 2
Wwwﬁmﬁwﬁmmﬁm%w%é@%a@ﬁ@
TR & BN W S § o e 2 S e o (= muv’_)
WIEH-Fs (hy) T @& €1 HE-FTH g (= hv)%w%wﬁ?ﬁ%

émviﬁf V,e=hv-¢ =h(v-v,)

79 yeheT-fagd G @ geher-fag g9 o geft e 1 sren g 2l
faferera = yem UfiRrs yemr-faga Ao 7 STEREA & Yenrl-faga wHeEw
1 G TR 3R wish-Teerie (h) & Fened 7 w1 W R sud e gh
yafdd deaesehia fafeheor &1 Ho1 st wieH avi (THf) wiwa gam
fafertor =Y 50 wfa Bt 2 ¢ 01 9 o1 WA % Wy ) e e g @
T TR s1e@ U1 o T H FUN AN o IROTH 1 THeH o fore waitue SwE
21 79 deh o 1t o fafereor den gered yepfa & gufid ®, oz 2 sl o weed
(wered SHoIT) T A S AL TG T i qered-shoi ¥ e aw s uwed
T A 3 SR T Fed 2
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9. TIHM U1 § Fafe § Sl qUIRE (1) 39 Wol p W 36 WehR Hel(Hd €
A=h/p | 918 1 24 < Sl Gae, fEs a0 e (1) 3 w1 GehedH
(p) Gl €, o sfafiss 21 2 sivell quiesd qeei-sh01 o SO G SEhi
Whia § T 21 Te Hiedehdl: shael SU-IXHIEeh Ui, SE — g, Wi
3T (T7oh SoHM 1eAfd TAT 1 Tl o HROT) o ferg €1 ufes (fopeeati o
THETE GHAE o St w1 g0 HI R H) B A a8 awd | 39 e
aeqetl o forg St | gfdfed Sfee o fier € ofR |ae & w@e ok
foreTeher ST 8, =g B 2

10. efama-<mR o qen Sf. i, IEEA & gRI Seiae faada Jar 9o o8 o &
AN J TS i a-Tepid i Hearad g e fhar @1 uie @ wi ?
FiTelt R, Sie w1 TR Hel i Gohoud T TH H B

aiferen WeiteR fermmd TR feuruit
T
ik h [ML>T ] Js E=hy
ERED
IGLED v, [ML2T AV eV=K_
faga
- ¢ [ML2T?  J; eV = K_=E—¢
e
<@l v, [T Hz v,= ¢, /h
st
] e A [L] m A= h/p
o

foemofta faw=

1. e org o go soiaeiq 39 1 o qad € fo6 o o o it wh feer fave o
Ffeta THE 2id € (T€ ohael Teh "i=Tehed 8)1 3 g o aed Mo o foag
o 21 B 21 S= o 4 Wl S % foru, stfafen el i sTevaendl e 2l

2. e org o weft g sl 1 St WO AR e TRt e wR § aogeti ok
Y, T 4T T A9 W gSAl 1 U FivEa e faaon g 1 98 oo 39
= et faawor @ =1 erar © o e e o Tifest fagia o ster |
g Tk | THek A W A1 9% % WGl § SR, 9iq Tl 1 Hei 3 ae
T 2 for ool dielt o STvasH o THgid 1 AT H 2

3. Tt oig ® gt soigeil oF il ToRROT o SRV, UTg H Se T ok folg SeiagH
% N oTUfard Sl fa= seieel o foru fa=1 2t 21 Ssaat St arel sereEl
T UIg § AR 3T o fAw w0 St are el it ger § S ifafe et
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

fafeor qen =3 &t
50 TeHfa

1 ST Bt 8| HE-Her o1 | " (e o fog T seeei o g
aTiferd =Fdm St 2

WehTeI-Torgd W © Heiled gAnT W oheet F€1 fatited € o 51 o | v
1 3= fopen & Soll okt SYaieol hy w1 fafaea sheal | e @1 98 T
& UE wed o guH T2 @ R g 1@ won @ o 2 e g w1 s
hy @l

Friedt fawa o Ueror (3Rt diern W ettt ok smgfa W fasian) yeme-faga
e o - T 3R wie-fen o st frofaes fasssre 2

;ﬁx=%$§mﬁmwwﬁ—Waﬂa@%€daﬂﬁﬁaﬁanﬁ%,W

FA-AT v, T HE HfRF He TE e T qenfy, wEe-wT w1 gge-an
iferhern stefgol @ R w1 & AT ok SR T

AR

30 kV oM & g o X-THRTon #1 (a) Ioaaw sgfa qen (b) Feam

TS W Iy

s o1 1 HE-TeH 2.14 eV 21 34 6 x 1014 Hz g &1 19l -9

T AR B, SR H TR e B 2

(a) S@fSid soiaMl &1 Ieaaq Tfas S,

(b) TR fawma, el

(c) Scafsia Ty Soaerl 1 Seaad = fhadl 22

o fafire v4m § genrel-ford g9 w1 Sidsh dieeal 1.5 'V 21 Scfsta gehifern

SR 1 Seaqd TS el TR 22

632.8 nm TS 1 THAT FoheT Tk Eferam-Fa oe o gR1 S o

S 21 Sedtsia v 9.42 mW |

(a) YT o fHI0-US ® UA® WIH i el qen AT I hifog,

(b) @ fF-ys & gr fafefa fodt e W oiua fea wieq ufa goe
TEEN? (T8 WA oy foh fheo- 1 U e THUAM B S @ed oh
&eIFel | HH ), ae

(c) T TSN TETY] hi WM o sRE HolTl Y A o forg fohaet a1 =me
o = g

Yoot o YR W UETH Al YA-FRI 1 FHoll-AfEe (Fied) 1.388 x 10°

W/m? 2| o feham e ia ot wfiet ufa Sehe geat W arafad i 22 e

M & & gd-yame § wieF &1 sfi|d @@iesd 550 nm #1

YehRTI-Tag[ A o6 T YA H, YRRl g o fawg siaw dicedt &t ga™

4.12 x 10715V s < 2t @1 il fromish 1 A ufiewfoa wifsw)

TH 100 W Hifeem sea (i) weft feenedi & whaHe st fafnfia s 21 o

I Th UH o€ Tl & g W @ T @ S 39 W fad difean & dqol genmr

1 TSR LT €1 WETH 19l o1 a4 589 nm B! (a) HITEaH Yo @

IS Ui Wi 1 St TRt 22 (b) el W1 ToRE W WieH TeH TRy o @ §72
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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

et oTg 1 Seelt 3T 3.3 x 1014 Hz 21 4f% 8.2 x 104 Hz 31t o1 Yehmel
g R STUfad 81, A FehreI-faga 3casi o T oide dieedl Ja Hhitaal
gt org o fAU FE-weM 4.2 eV ?1 1 78 o1g 330 nm TR % eafaa
fafertor o fag yehmer-forra Scas 3m?

7.21 x 10 Hz @7gfd &1 T® Tk oG-y W IOfad 21 39 I8 9
6.0 x 10° m/s %1 I=aa¥ T ¥ Sl Scafsd B @ &1 SAaRA o YRl
IS o ety Seelt smgfa @2

488 nm TR 1 IHRT TH A7 TR & S fohann < 7, Ford weprer-ferepa
e o SN W S Sl 21 ST 56 TS o YoY% Scdsish T STt
e ST @ @9 WeRTiTen gererl o1 el (ofas) fawa 0.38 V 21 Scasish ok
el T HE-HE T HR

56 V fawaiak & R @i sl 1

(a) o, 3R

(b) ? sielt TTesd UReRfer St

T oo Toraes! fast St 120 eV ®, SHe

(a) Ha, (b) = 3R (c) T Fvelt weed =7y 87

Hifeam o TiagH S @ % TR 1 alTesd 589 nm €1 98 Tt St 3
i 59

(a) TH TR, 3R (b) TH =2 &1 T siell avresd g9M e

(@) Tk 0.040 kg S0 1 g2 St 1.0 km/s &1 =1d @ =t @1 2, (b) T
0.060 kg 5&7M 1 12 st 1.0 kmn/s %1 =1e @ =1 @ 2, 3R (¢) TF ga-F0
tEeRT somM 1.0 x 1079 kg 3R S 2.2 m/s &1 =1el ¥ SI7iHd e @1 €, &1
2 Sl aresd fehan 2

TH TR 3R TF Wi Y% &1 aesd 1.00 nm 2l

(a) TR Fa,

(b) i T Fell, iR

(¢) ToRA F T e 9| R

(a) =2 =1 foFw wifast =it o forg 2 st wased 1.40 x 1070m =rm?
(b) T =2, S =1l o @ qrdig o 6 @ SR Rt 300 K W st st

3
W;kT%,aﬂ%ﬁ%aﬁFﬁW%ﬁfaﬁW|
e TR foF Aegasa fafsmor o1 qoneed sqek Feied (WieM) & auesd &
T T
a9 ® 300 K 19 T T AEISH 9] 1 2 sivelt qinesd fehan g2 98 9 foh
3] T A9 W SAUET o =it o /A | MaeE 21 (FIESH 1 TRATY] SoAEH =

14.0076 u)
3fafad 3Ty

(a) T frafa el o qiftd shelie @ Icafsia Toiaeial 1 39 =1 1 STehel
FHifT o & IS i g1 | 500 V o fa9ai T @ ¢ THE § T
F1 solagl o ofg URRT =el 1 Suen X <1 T w1 ik S
#Ufd e/m1.76 x 10! C kg ®1

(b) TIEF fava 10 MV & AT seieeia &l =11 S i o faTg 3§ 9 1 TART
FX, S (a) ® W H 00 T | A Y 39 YA KT e I 82 39 G R
TR YR QU ST Heh 7?2



11.21

11.22

11.23

11.24

11.25

11.26

fafeor qen =3 &t
50 TeHfa

(a) T TR ol fRo-ge e seie 1 =t 5.20 x 10°m s ®, W
Tk GaHE & 1.30 x 10T FRT0I-YS1 &1 <16l o o o S 21
Feror-g g1 e o w6 e fepart gilt, 9 soeei@ & e/ m 1 °H
1.76 x 10" C kg @I

(b) =1 59 T3 1 (o) & S9N F @0 T R 9% FET F TH 20 MeV gesR
ToRto-g w1 T ufishferd w3 o fog i 22 afs 7€ i ford g
T HeeE R S Hehdn 772

[F1E : 1™ 11.20 (b) T2 11.21 (b) 3T SMUfarhia AR 9 & S &

S 39 g o fav o 91X 21 T8 W R 39 g W 9 37 o fag giwfed

o T € TR 59 Gl 1 oMY (@) ® STEM ¥ W € A wgd S =@l st

Fetell W Yfws T el g8 S o forg T 9ga S=a =T st et

0 e 87 3fa § fau MU s w6 2W]

T SoRA T TS SRS 100 V fawa w2, T %9 €9 (~102mm Hg)

W EESSH ¥ W MR dod § Ta[ Bied 81 Th gahi & e qH

2.83 x 10T ¥, Soiaiq & a1 &1 12.0 cm 591 & 92t %el § afhd &Y

<1 21 (39 A AT @1 Gehell € FiTR A W NG AR R0-gS ® gersE

1 3TRTH ek AR S Wl o gRI WehTYl ISt hiieh Wihd Hid €; T

fafer =1 ‘aftepa foo-qst 7o’ fafer wved ©1) sfishel °§ e/m =1 wH feifa

ST

(@) T X-Ttor it fafewor &1 wh waq wagd fgwr o e
o 0.45 A W 2, Sc=1 e 2| fafetor § fordll wieH =1 Seuan sl
ot 27

(b) AT (a) & IW ¥ ATAH T fF fohry =ifec = TF dced (FARMA h
o) ot 39 il § SAEggshal €2

T @A (accelerator) T | Wil (e*) o W SeiaeHl o Soa-Fell GHgA

R, T fafre e &t = Fa et 10.2 BeV & soiagH-qitee I o

TR FeTl T QY y-FRon o foae o &9 § 5t St 21 g y-fanon @ Hefua

el o 7H 0 eM? (1BeV = 10° eV)

M M Al & Hemsdl w1 The Uaeh 8 hdl 21 Ueel Gl F8 «aiet

for e sifaenfser wieq &1 sifees foar == 81 | S0 9@ Ui 98

At fF guR =7 Cwie w T # T H Td, 9o g1 YT 9 -9Th

Y= A 7

(a) TF " T (medium wave) 10 kW gm@ed & I, st 500 m st
Afeal @ Scafsia w3 B, o g Ui Hehe Seafsid WieHl &1 HeE|

(b) Frefam o &1 v9a v 9 79 3@ T ® (~107°W m?) o HT
WIEHI i W& S i Yehe AR WSl Wi qaeil W Yael St €1 qael
Shd W 0.4 cm? R YA TR *1 AEd gt il e
6 x 10" Hz HIT]

TH 100 W 9IRS (Mercury) &id § Se0=1 2271 A TR &1 QST FohTan

T AifdseTq g 9@ ffda ww da =1 fafefa s 21 afk fash fasa

~1.3V @, T o1g o HE-Ta 1 3THa Hisll T He-Ne TR gRT 39+

6328 A & =3 diodl (~10°W mr2) & WIel YT o 919 YhTeT Hal Rl TR

ST F
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11.27

11.28

11.29

11.30

11.31

11.32

11.33

11.34

T T @9 @ Se@= 640.2 nm (Inm = 10 m) TR =1 Twavi fafwor

M W ifeem ¥ i gl geref w1 fafwfa s 21 FRs sieea

0.54 V ATt STt €1 B 1 Tk wie-&id @ S5t fxan S 1 59 427.2 nm

Tuf-Yan 6t wehTer O i fafwfia st @1 T fRieh deea s wifE)

Th URE WU, FHWI-ToEd Scdsi k1 gty e % eemeE & oyt

gfaure Eid 8, Fifh 98 eI-TEH & W (UV) ¥ @t 81 a6 63

iY@l ScAfSfd i 71 wifea™ e ¥9 % TR YA ¥, RS (Mercury)

= &t e aoi-tensti w1y fe o
A, = 3650 A, A,= 4047 A, 1= 4358 A, 1= 5461 A, 1= 6907 A,

TRl afeeand, swwer: e | T
V, =128V, V,,=0.95V,V_=0.74V,V, =0.16V,V,_ =0V

(a) =i Teeie h &1 WM F@ HITeT)

(b) =g o faq et ogfa qen wE-we &1 ST Hifaul

[FIe : ST SAThel ¥ h %1 9H A L o oL 3Tl e = 1.6 x 10°1°C &I

STMETAHAT TR T YR o YA Na, Li, K o7fg o fore fafeers 3 few o

fafets 3 TR q-9% YA | WK e % T T ST R SRR F FHE-

forga SRt s Feataa foram e s81 &0 § h o OH o fag gerep sam
eIl

et urgel o srE-wer e weRR R T #

Na: 2.75 eV; K: 2.30 eV; Mo: 4.17 eV; Ni: 5.15eV | 78 wgsti ¥ @

%H YW ¥l § 1 m R W T He-Cd %X ¥ Seq=1 3300 A wesd &

fafertor o foru yermer-fora Scas 8l 3M? ¥ &I 9a & fhe 50 cm 30

T @A W F g

10-5Wm2THerdl T YhT¥T Tk WIETH FhT 9a o 2 cm? &% o 58 TR qedl

2198 UM o 5 TR F Aifeam #1 qfa WA Sfaa e w1 SeRif w €,

qr fafervor o ao-fesmr o yermer-fogga st o fau savas 9w &1 e

gﬁmlmésmwré—waﬂmzevﬁmwélmwaﬂwﬁﬁmﬁ

|

X-feoli o Wl steran SugeR aieedl ¥ @id ol 9 faea-Taada wam fag

ST TR E1 HE-E S sfeen S Gag 82 (qRefores gor ok for, St o fag

wesd w1 1 A Wit i fom Stk (eifeq) o SfaR-uH] Sfawor w1 Hife w1 )

(m=9.11 x 10 kg)!

(a) T =2, freht Tifest Soil 150 eV &, 1 3 siivelt doresd gre shifsrg) St
& o s 11,81 ¥ @0 E, T I bl TR g e
forer Wt o foTe SUgea €1 SR THM ST BT Teh 2 fRo-US 9 g
% fa w9 &9 7 3T B2 T HC (m = 1.675 x 10> kg)

(b) = % FHEFT @ (27 °C) W S =2 ¥ 92 T sivell quresd 3 it
TH YRR T HITC foF A T diommm =g i =i faer o 3aant
o @ ¥ Ygel SaeRel o WY ardiha R S 2

T T geaeell # 50 kV dicedl oF NI NG sl 1 STANT TR S

B 37 ol W 9 < Sl Tesd S it A o wwi (S8 R g

BREF, M=) 1 AT THA forn S, getai ganest it fadsT ewa &1 o

Pl JeRT T TANT H et FhTer Geuselt ¥ R gER B 82

Topelt St sht s SHeh gR1 e ToaR © e 1 ST Wb STl WTe o SRR

T SIS AT B Wil a1 =2l %1 ek (quark) WEAT 10715 m A1 36

off S g o o YA i €1 56 T ] TAYLH 1970 S o YR |, Th



11.35

11.36

11.37

fafeor qen =3 &t
50 TeHfa

g @& (Linear accelerator) ¥ 3@ 3=d it saiaeql o fohvor-gsil o

ST GRI, RARIE, Yo T ST W Sira1 721 o1 57 ol foheo-qsii s

Tl Y IS T A ALY (ST 1 fam goqmm @t 0.511 MeV ?1)

FW % €Y (27 °C) 3R 1 atm T W He TA] ¥ 52 TEdt 2 sifveft qaress

T HIfTT 3R o wffeorfaai & saert o < weEmget o s sted i @ wifs

et o1g & (27 °C) W TF A2 o1 Wt 3 ittt aeresd aiehford ity 3

TP G HIg W & Tl o e SiHd YU 9 ST S e 2 x 107°m

T T B

[ : 198 11.35 3R 11.36 WA #w € fF =l amm= ofifefEl o

et aropell @ 2 W ke e1-arferdt §; fereh g o setei @ Yok wae

w9 Y TH-SR 9 eAfeadt ¥1 7@ gera @ T el R wme e A eroged

I STeM TeTH B gt ¢, fRE o1g | ToeRE w1 THh-gE U ST TeuH

& B ekl 39 AN o e qo Treardad € TR ey et o et

I=d UIGIHA H SHAI]

=1 o9l & s <ifS

(a) T fomr foman T ? foF Wi SR =2 & i@ Foreh W oA eae g
g [(+2/3)e; (~1/3)e]l T= Tafee Ja-9= WM § i Tt THhe Ta?

(b) e/m AN &Y o feferedl 22 &9 e Aol m o fove o afer-3ren foamr #i
BTG

(c) ¥ WM @ T FprETerh el @ Wy 98 e I W = YR H <l
R

(d) ek @1 1 Uk Tivea s -ther el 21 afg sfufaa fafewor gt e
Gl WeRTIYTeR SeieriA HHM Sl o 1Y STed T e 3T 87 Wl sl
1 T Sl ROl 9 B 22

(e) T SR 1 Frsll q THHT AT THH T UKIA-TT HY AgA e s9oh
Toreed o qiy e YRR wafid B

h
E=hv,p= —
A

WG A T A Sl Gifdek He™ ® ¥, v o U9 (IR TWAT wel =9 v A
*1 AF) H HE Afaw qew T 21 b

413



% wifae

gy

11,1 T LT HUT F SAC-UAE T T

TR 1 §? I8 Y WM S H A GHA T WA BT @1 | R FR IR UES, SRR den st gm0
o YR o TG Y & AR R Eeg WA TR U e S wEe, Wb 1 €, 39 wae ° Usgifaeh Aiee foshiad
forw Tu) fom T feRdt ot o | i€ Hied fawfad #5998 3u e § 9 5w gne faemm g yEifen
eI T AT Y Ton | ST, TFEal It § Yot o fowg & 71 = Yeqon o1 Heiuur Iuge W

39 THA TG YRR o O § wiwferd &- (a) YRR 1 W Wi 98 W T, (b) FHAe qef el IR ¥ we,
(¢) 3 AreAmi o AT W T9awH, (d) fafa= ao & yermet &1 fagimun, (o) =9 =@l 98l =R aREesrst o fag
S foremi w1 wfeaifea feman eSS o fow, T o 91 1621 | 19edE o FoHt i e e difafeEr o gmg
Y & 3w SAHT A TohTET T =16l 1 WO HT FA ha1 AfRT 3 UE e | ormed ®1 9 ohaw e Frehd e
T 5 YT AT A ST W9 T G g stfue )

TR YAl | YehTel oF ]l Hied T fohT U TR YAl oF URfWeR S9meht | g A fawed fean foR g
I G o1 ], Sk T 1650-60 o S T ST  Feqd foman foh ehrer i § <1 21 ST h1 TEdE o Uk SRifR
Hieet o frd g steran SR qohl kT ST9TE ol IS €Y, T 1660-70 o TG U A A ThK o HivrRt fagid
1 S Tagia & &9 H faear fman qen sush! TR § YTl o 3 O i SAReAT 1 TE| A ok 9§ qe
Fl & &9 H Fed F a1 3 Hied U W & foerepel fawdia &) e <1 & aieet wehTet o Gt 3 O e
FH W G 91 aAl B 9 R H o slem wfeT e

AT 5 IrAfesdl | T il o IR 1 e TR ¢ G 1669 W, IR 7 59 fredl § ywmw
o fgaTueds &1 WIS 1 qen ¥ &1 T 1678 § B0 7 3797 @1 fHgid o ¥R W TU&! AT il 39 a68[E,
T G e g oft siferss g 9k e F1 wiveR Aied sifuss favadeta B S W@ e @R Hied 1 aTden sife
qHg fohan s @

THHT Tk FOM: HROT Al U Hisel F1 T off T 3A: TH T oF GUHTH HAmefem | =2 H1 99 o

T 1801 ¥ A7 3 o797 fgferdt v grn safasmeor Sl &1 Yaron foram 59 ufee # smen shew @ fagia gi
& F S gt B T ot sy R T T faecdt wh o aftee @ fwent oA shae @ fagid gh & w1 o
bl B AR W 98 TR o 99 H Yo fog @ i e ol ety o e i w1 wnenfas feed @10
TARTH h1 TRTRT o ShHTUTeRT TGId SR SAREAT &1 i ST Hehall | TH | 1810 | YavT o1 IR &1 @S g2l 39 Ifee
1 wmen ot @ fagid g & wifas 9 9 1 S ehdt @1 39 YR eEHE 1 W Fagia smam o o1 e den
=2 &1 Hvrew fogia g ¥ o T e feufa g9 e U YAl a@ aedt @

IEEl ARt | YR H A §9 F o 60 Fw o W@ Ry ) stfusw ufiggs v gr et | g
%1 =Tl 1 O 3x108 m/s 3 fRa1 11 SR G 1860 |, Bl 3 Sy sehed oh foTq 3Ta-t Tefieheol egd i e
T 3w T T % 56 wmg S| ot Sgdages afteestt w1 Hogdd #1 9’ IS g1 SARAT T S Hehdt
B 3iter & Hergerer 3w T forpa aen et &, Sgagas i ol o &9 4 Rea s (Frafa) o w=iita feg s
TR 1 T T A kT A1l G R AN 3k Aok T 2.998 x 10° m/s WS fRUI 39 A 1 WEfTR 7
Y fished g8 <t @ FoF wehTeT SEagas @ @ o 21 T 1887 H Tt A & O ki Scuf qen Gg=A i yefiid
Teraml 38 WSl o @ TSI 1 U 98 SR WM (a1l 1 e Tohd € 1o SToNed YdIs] Wohiel o hivrehT Higel
T qA IS TR YT o R/ faGIa i e

T 1850-1900 o THF o st Aifqent T farctepel T &0, SO qon S&d Heifer uieeiel W ag) e § w
forw ) eropfa fagia den Swmaewt S8 fagia den Aied fawfad g Tu i<l o qds, shadt T &l Sigw
3 uftereTistl st S Hi

414




qRfdre

yoish g, TRt off qra W medt wesAl o fafeior scfsd S B1 98 o1 S ggd A fafweon i it
off Tt B1 IS a%g S v S e arel Gft fafertol i eaeifyd w ot 7, SU St wed 21 Hifqet § e fug
ToAHM N THEH T 1 STEERoNST i Hifq €1 Uk eet srauron 21 et aeg gr scafsta fafmwor it e qen
T e o die Wi T U i HITeT Wagd HEd 1 S Tl § whig o fagia S wiegd w1 i we s
T T T

T 1900 H, @itk i U 141 TR Gl S=iH e, A€ 70 7 o T fafw @ o w9 gad gon 1 9
TSl o Yope o B § IcATSd B €, A1 8 HIUh TIHEH 1 AN Y THA ¢ Rk 7 W 39 e L@l Yohe &
TRTYl K ST ScSi A STFPIT T U W1 S Uk G g R S gHE Tagd o fow ged B1 9 )
A 1 To07 1 Tk Seige- 90 Tagor @ TSreeh oeR i Tk o1 &1 wifq Scafsia g1 8, 98 T o 1 it
T Il B, 9 TR @ Uk w1 k1 il Srerenfid e 1 6ok tfafe, Tae difaesfamtEt i gfaen ® et fean wn
Fae Tk IREA Fi A & o fau g9 q7: THET o HU1 Fa=01 &l WwR F: o 7 9@ Sfaswor qen faecd= &1
TfeRART 1 1 B, TSt =aen &k Atea gR1 T8l &1 S "ehdl|

TfeRa it € T 1905 | ST 1 YehTo-faed Y 1 AR Yertet o hivreht femror g st fear 7 frweeia
39 | ok ol o feaw o1 fosmn &1 s e Sl | e g fafie semet w9 oA #1 difaht & s
fafay &ef @ 92 gF R ot 57 <Al IRERIst i oA T Higel § 7 g hael Ul Higel R € 1 ST Tkl 2
T 1923 | Hieue o AR § X-FReor yentolt i s smor-feson o ver § € w) s Sefnt w6 gfaen w5 el
w1 T

TH YHR 1923 T Afcrepfamm et fefaal o1 amm w2 © 89— (a) TR 1 BoREd Felol, Wed qel e
St qRereATd et SAre hivTeht Higet 1o i Higet 1 | & i ST Gkl 21 (b) SAfqeR<ol ae faeda St g
et aftered off et =amen wiven diee g e ®1 S Ghdl, TR shae a0 Hied gRI g GHe S el 21 ()
HToureh1 Tafertor, gerTel T 9T, qen shime Yehivi SEt e Rt 1 saren @ gieel gRI &l i ST g,
TTh! SRS e KU Biect GRI € k1 ST Tehelt 71 34 fafi o foheft 3 ik &) fevquit 1, fon Gimam, go@R qen JehaR
o Al o wehTer 1 A1 Hifd FEIER FIAT & T HTATR, JELfqar de AaR o 5 § 98 @ &1 9ifd cAaer &
® e feaRl 1 eH YR 1 S € T

T 1924 | = SCA 3 AT TR0 o 54 Fagia w1 g e forwd Sl el o sheae wehte o Wi 8 el
Hfeh 5o o w1 99 TAFH qen WEmEt o ot §9 @e B €, weft 3 wor R ifd SeeR wd € SR wedt X
oifq| S Sk SoHM, o, WaAT (K0T o WON) i AR qasd qen gha (qx ok fafire wemn) 9@ S awen
T G Tefua fRan T 1927 ®, Sfuee qen Sfawd iR SR A Ster-Ster wAnl gr g9 R seee aw &1 wifa
SHEN Al & TS Tiesd 2 sivell o Hee g 9w 71§ Hedtd Wl €1 ST WA fHeeed Sl g s o
Forerd W emenfia on forae qeameti o Frafd yeiv 3w afen ot «oifa s oie & e o S =g qen diei
% T faeed= A fRu T den s oft 3 Sl o g #1 g g1 ST RO-h1 1 gadn 1 ifaet o Tenfua fagid
% ®9 ¥ gfic il 30 fagid § had gt Sad I gREeAeT w1 € SR T8 1 Sl afeew 399 w9 watud
wREee 1 e f gee 2

AR TT-H01 5791 1 S Ygifceh SER &l 21 2 Sivelt 1 T spael T oNcdsh eh © a2 Wi 1 gaffa
W I T TA-H gqaR Aferw @ tfsk e Frem e, fRdt 3 gy fagia &1 frewd 72 on 9w ww € fE S
oft A o T STRT 2 Sl O g W Hefd ot dife Gt § 38 ywR 9w T g u iR ey gfe
1 AR Bt 7, SEfh SO IR e Hisd o foru 3| Sgifaer onem #1 ff eTavahdl 21 39 31T J1 qwieh
o Tt feran i wme 1928 ® feter = orae faferor o fagia 1 faerfaa foan qen egement qen oielt 4 1930 @
T 3 MR TSM FeRanl 1940 o Saed # SHHM, o= qon ®iead 3 suehT SR sifue qftertor foman den fagr
o S off st < ¢, 3% T el g g fagial 3 9 T 9 -0 §96% I UF Yl SHR YeE fwa

it wem o1l W el gE, I% SR ifuw Sfewt at W W ? 7en 39 feunht & wEids ¥ W R afed o
= S wifed gan @ SUsh! goivd el 9 © 9IR oW 39 UHa 3 Hqfe off e S wifew) o slifisht o oA fagrd
o T Frend & woreaey eF 98 7 Hehd ¢ T fafem vam | qen el st v o fafe= ant |, Sgagee
faferor qen 59 o *01, T A FHU1 IAT €O W= FA 2

415



