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(DUAL NATURE OF RADIA-
TION AND MATTER)

11.1 =92t ( Introduction)
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11.2 3G (9 (Electron Emission)
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g 51T TEY TR OIS 2| Y& ZCERGAEICET ORI =& wgsel $R 721 =411
G113 fE AN | N Ol el 9o (i = |
(i) cw@i7 fAafse &

IS T [@Ifed CFE (AT 108y ) AT IS 4Ig-7)0 #1 ZERG Bif
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(iii) SNcenF-CamIies 9w (Photo-electric Emission) ¢
figrem G [Wine Nimers @t T (oiza (ol gl 4igd evige #I(3 cofewie
HIGH 79 7171 T 1915 2T | 2 3R GAIRS SR (APfeF 2ERRG A T6 2T
el (PRI |

So

¢ (eV) ¢ (V)
C 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 425 Pt 5.65

11.3 SCETF-(ATes 2leid (Photoelectric Effect)

11.3.1 Q%1 [9¢4l (Hertz's observation)

SE- (A AOR ST SNRER | RYye-paS 7 OR6 €78 A1
ST R ACPICOE. 1887 5T© /TS G2 ATHGA| T F(2e | 2 I1F-{Cepler Agrs Kipye-
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202 | 49 SIe1oTe 23 BEFE (SAIZIR 291 (& S1Z76 T AT SCRIE 2ol 41
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11.3.2 Q’F@ﬂ? B Cﬂ?ﬂ'\b/_d’ ICEik (Hallwachs' and Lenard's observa-
tions) ¢
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FRENTT (2B A T SIFTel 1 W 21z 7S 07 | 16T F59 etre 246 el (25 wefie

(FATS I#ifow M AfReaeTre U Rije-e[res S Tz | €2 2[1EF SE- (g
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2 27 | SIS GO s G 7ife 921 < o Sferag = i #/f{ee 2319
GAISRF SIS 241 I 2113 | 92 ASTFPTES 2/l (9€ Prag F[ e [, i 7o wifo-
TG MR AT OF 71 Aol Sfe ol fsfo 27 |
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SR I (2O SRS Sl o7 TET© G [Kye-2iq12 7% B2 | COSCHIE Sl
51 R 57 FRCE (T, DNolfoo T F5i11c 7 G s sl Siecss 3 28 (iR @
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quency) @ T | TFHON FIFT T a5 (215 w1lie Gt «q 9ol e feq 31 |

(SETENRRT FISTFre (72l Colfedt (@ gl 19 @ &rsay; (e, (i
29I A1 S I SRR SR G SRR ZET G feife 1 911 | g fafean,
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(visible light) IS BEFT F5fs FR 21T | Trew w9l e @R SRR
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9] ZCEEGH 191C 2 | 12 ARG (PRI 2T A (AG TSI I T 2T (G 2SI
(photoelectric effect) 1% €2 fisfs 2(ep G~ (Il 23 F6 B TeF G« (Photoelectron) |

11.4 ST [0S LGRS AT SLT

(Experimental Study of Photoelectric Effect)
EART-@APeF SR 2 HFRERS SIS I IS Heed g (74931 (202
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AMS A | GFT] (21771 T S 2/ 47 I
SRR (oleg W RIGHIE 719 (2 =N
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(Effect of intensity of light on photocurrent)
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11.4.2 TS (AMI10S 2912F 899 [Fedreons
aelq
(Effect of potential on photoelectric current)
AAACT (25 A 4 (UGS AATTF LGSR
frome AR @@ AR Ty T [l T O

C (25w wivifeos 23 sl 23 | @fow A s A -V, 0
o fa o +— IRARP C?l@%—»
4IgRe [ 012, ARSI SNCEIREIIOT SRS S T e : Frox

ceridl 2 | (M AR (A GRS GRS [Ked qepRiE
0ol FTCol SRR S A0 A1 ACEER ase Reowm 5@ 11.3 wi#ifew coifess (el (@il 2 2igers s
G TR WeT® 212 &6 23 S 3319 /5 [ex AR 2R1Z oI FICETS (259 e e 7144 |
JOICTS ARSI U JIICH |W2ﬁeaa1caﬂi9j@w R |
3 SRS (205 C 7 9111 {19(® (24l FFCAIEIN ST G ST (2T A Al 41 e
BIf I | AR 2123 @2 RS WS M2 & 2[4ig (saturated current) 3
@RIz |

GZAIT (25 AT CIANATF Y Koo 941 23 O T G2 A6l e i+
T 09 4 T | FIETEA (25 A T 49N [ewa C F 271 [ofo TERpia@ns R 39,
T Ifs *fEHIET! PG SEFEEE A 216 G AIRCeT L 27 | A (25 Aisl 341 4ol
R 51T 12T K TOSITE B 2112 S A (253 Koo @6 elies [exq V3 Sl 211z
S % 23 | SMilfee (AEEd [ FAIEa Fae Feesa (26 A [ fwew Ay fTeq
AT FRCH 2RI T 70 =, GR AT [Teas afsana-ea (stopping potential) 3t
fqam fee Q@I 27| @IbeICs, (206 C T 2@l 9l SRR 2R Goa T aifexile FIeiE | A (25
AT T eI Rewa @7 M6 oo (K, ) 2ET G0 R 363, cofom
SIS S #5727 | A0S R Mo E K, 20, Afomas Ko v, 371980 70:F 273,

K. =eV, (11.1)
NS (2T FAIT T AR 2T (@ @00 IR AT 2719 IR o117 | SNisifes
(o123 TSB! @0e19! (@09 2T B0 FIET3 (205 e Wi 2[izd 7iF 57 11.3©
(Y€ 0202 | (T AR (F, ({12 LIKE PN =151 71091 AR o[@ 2129 (saturation current)
ST A T | Sl 2l ACBIRIE Fcel 70l 2lfs (eres fsfe 3Tz wrate aifp T | 5
S - ST T G AF, (AT LR €79 3 61 7601 | 1o WiTe F=amiEe
vifee Feeie Ita 2fesss [Rea (stopping potential) TH1< 2i9e79 €oq@ fASq 7a |
w1elie 5 ZEE G ARG aifo-¥IfE (o127 T S S SIEIF-ALLMN | A9 AT
U FfeT GoTe FEwle, (T8 (IR 2KeT S7q© & foq e |
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e oz (Effect of frequency of incident radiation on stop-
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(iii) S#fo® (ol F>AiE v T efoTFe TR v, ©F T3 & Coforl (olIeTq
2iien e @fRER T2 0 w6 2eregaa el Tga 12 |
SRRTR <2, 5 ST S IeT1 ARIEF ST (Thresh-
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FATIE ([T QT |
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T3 B R @ | 633 ST OISt (et fR ke |
- TR SERRENT 2T (@9 @09 TS
(AZTT TS (AT (I g7 wfefEat w3

92

R =i ()= Srlzergce], Sorag I AR SINs 21 Zee oe ofe
3R IR G ETOG I 912 F6! 767 I @RI |
o 11.5 @IS T T ATIHPFZS @51 T FRIATI




e ol omidfs =
(as 2F e

FA LA (T, (2IZT F2F M 2T FoikFols (@i 27 ofom (ohzga I ez
e TR e R BT Sl FF e fsfe 2 | (+iles Si+ifes (2RI 19 s Sl ool
3 T FoeaCe 2 i ol 23 3fet afiowl el tattz |
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(2T P SRR AT 2T S7/S (227 2REA Tl 117 (bF 11.2)
(i) (T @ NS SET-1C0! sl i ({8 TN (511238 TR0 7T 2T
A Sifew (AgTT 2REr Tgoifes g efergs-eds A (7l2s1 ke s e
s | (5@ 11.3)
(i) TSI ST 2712fa FIEE G5! 7S 2liafEs Tl Sz | (ol FiiE
it 2 2T FoIFO(E 3 T (SR (5 A T2 T26F ©IF 2191 5 2EFGH ofe
T2 | 2T FolIF @i AfeamE -Rieq At fofe 2o G 1 b i+ (oireaa
FRIF FT (ARSI i o11F; 58 (7112 2RET (I deR g |
(iv) S~ (Ayfos fFafSier @51 Slelas Goal | Sifes (oizg oy fTee 2'eEs fofe
BERRGE SlI7iTe 3 46T (Apparent time- lag) CSt2 w191 (10 ~°s I SISt ) |

11.5 SCEAFIMI 0T LASE W< (21121 909 ©F
(Photoelectric Effect and Wave Theory of Light)

Tl *fSFE KRS (1231 T30l O ¢ Afsfre oy Zpitst FFeE azel
Sl | (AZga FNEII (interference ), S (diffraction) 1< 71X+ (polarization)
G2 HARLOAPTR T35 ©92 S FWI 1471 FA 21w | 42 o 0o (e (202 9F
Ry e wwzel [ 95 ([Quifes wiw @3 G ewas i | @2 warsl [afal 4 1w
ST RMHEASIE (GIEE S ([@AYifed (Fas Tiaace e RBie (2 2t | (71299 92
S99 © 92 (SR Ao To=l A1 FR A (FRICE GT3C6! Sifs @fiox [ i |

(71123] TR0 IR (S, A1 7FS 4| TS 20 NS WARSS (ol12aa o111 =i
SRS 220 (I | (21127 2T I Jian =i P (@pfess e G (Fad il
i =A% | siferss 2ien Jiam a1col s10ol 2foCh] 2eTae el 91 =i wifsticel aifba =il |
wrefie (o112T 2T Jia 101 1001 97O STERpG 3 SRR sife-ifee 1 #s! | Se=its,
TS g w2es 57, 21 wifEeie ke (oied @f T wivifes 29 e 3 @iy
S99 211 BER G fofe Ffatet [ frwew =ifes eicaiem R @i «f = siifsa =t
IS ST Tofe FIECE TNIfe® (7I12s (I 2IRfEF F=#1cF (Threshold frequency)
NF A | 75 TR0 OF G2 FAIT AT o171 (o1 N Sevz 11.4.3 7 Trzyd 1
farel (i), (ii) =0 (i) T 2I=E

IR, (12T TR0 OF WS SEFLE oI WA (wavefront) 711 RedibzaTeI@
& (196 0 | IG7e 2 & 2T 5o TR 2w 43 @, 1ot eifotht 2 he
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{Igq FII-FeT (work-function) S Sifsg S Nsfe °ata1 1
fxow #feq airien, GiZRE 22e FEITeE (@D A wrelfes
TR 2 | g s 2foseey #ig wiiferal @ (Ferel iv ) SieEnss-
AT oIS BERRG OITFAFSIRE fiofe 23 | I0S ¢ o (e,
(91239 AR5 G2 SN (ATeF IO o1 (AfIBTTZ i<yt e
RIS |

11.6 SRR SEAF-CAgieT ANFe ¢ JiFae «fe
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(Einstein's Photoelectric Equation :
Quantum of Radiation)

SR~ (AT TOeTIR 17T STRBRTE 1905 5T &5
SIZRIEE (1879-1955) RIp o 11 ©aR9 (1S €35 JaNIGRIS ]
glFell w6 «f{Ce | 92 aimesIs, Ko 2@ *ife ez e
BRI SIS - (@30 qoal 7RAD® 72 | KF 94 *f& nabe1ce gl
fifven *Ife= (- (R 23 KSR *ife @FRIGH I | KiF=el
*[&F ATOIFG! (FIRIDE A& 2o py , TS |y (20 U &7
(Planck's Constant) i v (202 i 19619 9115 | SIS (@fe
OIS GGl ZETFHE B! (FRIGINE “ py ” AR =i (e wf1
R | G RGN =& © py *F #ifwiel 7 2ERE00! arg-2)0< 11 T&
(e AT (2] Fwew *Ife widie FEwew (¢, ) O @R =
(oSN ZERGCO! AP7jRs 231 ol 27 Sl 331 1034105 sifife =1

Kmax=hv =0 (11.2)

VT o1 GeTS AT BCeTF G Al @f, oiferE
(SRR BG4 A o-*fF K, O T3 27 | S e (@, W
FOIE (AT ©IFOl Al ARE 79 T efermrres wivifss
(211 =5 i RiAed (PRIGIR AR @i | 91 (izaa ool
I 2SS 910 ST 711 I 211 | T8 BTG IR
5|51 1S3 3 205! = o wefie (FRIGHR =< @vFs | 7Tl
(11.2) T SZABIZAT SCAF-CIG oS TaNEFae IET (I 27 | Seooen
1.4 33 (T T T ST - QYITSF GoeI9 FIENEIR @S

G AN TE SIS 16T O AWEeiE i S 21
R S @fexl Ko & |
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=G wizwiRs (1879-1955)

TR (¥R oiefn AR
fooae Smyes #iniefin e i SizBizaT
T C2fee ST T (ulm) WIS @2
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Fie B o See (static model of
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(cosmology) YORE (e, CYS I bl
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ST B GCDIR 7 I SRATTIE TS T | g13% 10~ | FAFIOR S SRE T4
@i 2 forle 51 |
MY 8

v BfOTE 08l A1 m O SO IO W) G GRE! OTF T,

pof_h

p my

v, m=—
o AV
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e fqeaie

9Ll bbalha

L' bbalha

h
RGN ©A TS, Me= 5 —
s =g,

A -4
— =3 g — =1.813x10
V2 }"e

/ST FIRPIOI T,
Ae Ve
m—me(T)( v )

1 1
=(9.11x107 kg) X (—————— )X (=)

8 83x10* '3
=1.675x10"""kg

@S e 91 ©F O 257 | B85 (2 23 AN | 5IfSt FAPIcs! 25 a1 RS G |

iR 11.7

100V S-SR 9K 11 BCEEG GO W) I3 4] (i fwalley 2
AN 2
wRewINI eq, V = 100V |97 maw w=zol 7] &7 GRIL 1.1 IR2

FR)
1.227
A=h/p= N
1.227
~Jioo
9% TR X - I TIRAHET A9 | ST 100v Te3-(oTa gfve T4
BT G971 I ©RETAHT X - AR OR8] (A i -3 |

nm

nm = 0.123nm

11.9 (Sfopa-emia 29
(Davisson and Germer Experiment)

5. (& (©febe (C.J Davisson) i< @&, «32 &siicd (L.H. Germer) 1927 5%
(I 1928 5T FoZeI(d {619 A5 (G.P Thomson) (AIMALITH 2051 G 014 4o
AT 2ol FRTee | "5 791 2ETH G [A0RT9TS (SETENT S2RSH AR
e =t (el 1132 | (54 7Rl 3T G TS KoeTl ORI T 1937 5o
A1 (T Z[SHI SIS TSI (Cfebe i< 25 a7 e |

5@ 11.7 © (Sfob wI% TR ATTHIR & o ba (93l (20z | 23S
@51 B(5TF G 511 NI |

BETG-INCOIS @RAIN-STHRGS 2wl W GO B3R s () A
Sl E N ©CHE 2IIKI Bl2ES (LT a1 0I5 591 23 | T ©(-he 2IIis




T oighe

fAfFed =i omidfe

BI23 2T TS e (on AGIeIE

RIS o[ F97S BEFERTE 9F

W @aitel e SR pet @O orwe =~

&l T R LEASGAE #If3712 <5l H

%R 9 (Collimated beam) 3 7=

230 | AfRICG1 e 755 (Crystal) <Bis ( —

e AR =@ 1w olmigm e | N S <
BERRGAEN biRelms [Rigle 271 a S e N ]
i fire g T el Lfk o >
R G (Ch3ee TR g «Aif | LT, ST \
TCGFCE! GBI FRE@T (RSO AT g s
FTIo] 1 LT S 3 4 G CFoT e N
@59 Y11 A0S | (sieTre fibis Koo .
TECE3T® 2l 1 2R SIS ARET e DR

ST | JEIFIE (FeTT 89ige (el - p e
S A @ 11-7 ofeo-oisiaa TG Rase s |

=9l (o9 (scattering angle) FIFCe
fAvgfe BreTeG M ARED (o1 27 | Rogael (i (2rg Sieifee IR e wiste Rgfe
@ e 91 (el | [Rgfee SErRe e IR @ReT (1) [vgad @ies (o) e meE st
27 CIE0H! ([0l (@019 qoi! Rieas Fiacet Fefa s =311

RIS RSN 44 V I 947168 V (513 TR T F11 (OESTEHIE 2= FHICH!
SafeaT | GTMCE AT FRITS GRS RS M 54V =11 ozl (@l g = 500 © TG
IR AREDE (1) ZIICS €5 T (Peak) &1 1 (74l (aifiest | [fwes frere o2t @3 A9
TR 2H “HOFT AT TI7F A9 g ST (12 s (@I 1o SIcistel
(constructive interference) | $9I(AI& R ( 54V ) A1l SROB(ETF G €2 A (oAl
{712l ©2RaIE T =N1f2F 0.1650m |

AT (11.11) ITREIN V = 54V TFACE LR G SR,

k:E: 1.227 am

p v

A= 1.227 nm =0.167nm

J54

SifeC (7l AR (A, SIGFOICT (21 (0.167nm ) 70 T SRRATES 5157 ATl
O (AR (0.1650m ) FWSIE I (o102 | (CfSpa-Srisiia @2 ASTHIE TSI efwiel
IR0 (A BERRG k8 UG SR SIS W) I TS0 9% | B (<RSI 1989
B (72T SACFIAT ST 21T 91 Wibetl -2wa (double slit) 2T SCeE 571
TR 2P TSI A=l 91 (202 | 9~AR 1991 5eTe 5l Bl STt ASTHIS SEARGTOT
VEAIY 70l 914 S ST @ IE FGrel TEiol #1 (o=l toiez |

Y (FIRIGE T Tewed (Fqe v 939 2<% (de Broglie hypothesis)
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ool 3fet b (2 wifrz | 12 22 BTG St e (electron optics)
I G e SLRFCHFAS AT Il S 02 | 2R G w129l 2Ffos Siaiws Hifer
Tfe1edl FCERG MG (FI9R I IR TS ST N2 (HIASF S Ko
TG TR THA (7K1 TS (2= |

A

1. 9T 5§ #I71 {970 T 2EReEe i R apeTom =Ife= e iR
&< rOUoI I T (work function) (IFT 27 | 3(ERRG ol FRTE TG I
& (FIT-TTOS [@R) (AR @l 4= AR ¢ 4SO 91w I <121 27 ={feiiett
e ¢ 2t FE A THTE S (P12 el S |

2. FAMBC TR (22T A0 49T P9 #I=1 TEF G ol 23~
G2 TGAICBITRE SICETIRE- (A7 2IfRBel (31Tl 231 | FRigallel 41 =19 ot Rl IR
BTG (w151S I A STE LS 211 FRTIT (HAIRTAS AT | SR (et AfRBere
NI Aiies =& (o1 TollTa 2T | SNCEIP- (A [0 W0 SISO SAferzl oI
331 g [Rieei i ez |

3. SR (APes 2R NeT 391 TR (202 ¢

(i) SIS (o127 2=ET (i) TG 7o el F41 Rearew i (i)
ol #iwiefCoi |

4. Afeqms 24 (v, ) TSI (i) WN#fo® (e T4 =11 (i)
fRofsr AL (S @717 | BNl (oiieas e Femies T efoss -Rew
(71123 2IRET €91 TS 7T | 5o ZrerRpG RS sife-*ifes w1ars eifeaar -
o3 el wfve

eV,=(12)mv =K

5. YOOI (IR G 1P Vy T (ARES F01F) T
FHIF (FAIZE BER G foi5fe S FIRIEE, FIPICE AT [ 7263 |

6. 7T SRR TG SN QYT 2IfRLONI o1 BT i FR
FRITE | 2 oge SRTeei fKiie = e 71 & fKaw o, o2 Raie /e
SIS K, I TG GTO], 2RI F2AIF V()T Oy o< AfEAGR Slewwias
A foF I SNITR TIRIE | (511277 T 51 Hag A2 IR <3 (@AHAZT
A SoRGIR TR | 2 o 3w, (siizs fgae [Kivz *If&-(alf, [T @RISR
T 5 (15Tl 23 | 20T 2 5 927 541 [ S RS E (= hy ) S P (= h/A) 13209 (AA12
TR (v) oS 97 (R 8 2RETT 87T 70T | GO TETEE 96l T 5
(oI} R TS AN (Ao fiafel ARefbe 27 |

7. 41970 AETHE T ool (RITe FCAICS *Ifeq T mepTieTo R 1o Sl 5eet
O TS BB BT SR (YO T <6< I (ZCZ | G5 T B *If& py T 740

max




fafead o omids =
(7o 2Ffe

T O (=hv) Rl s R« 21 3w ERRAEE e Emeon

< 1
AR ifoxifE EITleax2

1
o M V= Vye=hv=,= hV-V,)

G ST~ T 0] ST B~ =/ =G RIS (1% 1l
A 17T | {74 AT WP (o 20T G2 70 Tero! 2 Fiafee =i
TS AT G ) T IF Al Wi WG (el FIMeE | €2 A ATeTo IS
SZDIET Ry 17 Rer Saim! 1 %5 4199l SRR arzeitaely (2w |

8. e tre epfs Site-waal S S | (&I AT FeAiwa
oI Jfertet SIS kel At SN FHeRP! AT (FICHT 22 IR (120! e
F(E AR AT 9o | siviel o< [fFaet 1 s e | «2 Ifes fofe
31 52 o391 W q@ ABR ARBRE @ *MLE (ST FF) 9F Sl A+t <5
R AR | ST TTTE Ffeia 7190 Tiw w9 sl w==al (matter wave)
I q 81201 6T (PRI 2 |

9. ofSTe1 ST B SR p BT W FT SR IR TAF T

z7~=% | GZFICE 3491 2O () N STRICE Ffelp e FTora ( p ) @ Fweacet siwiel|

07 43 W AT FIRCZ | SR ST SN 4309 8919 7 g3 wakel (e q ed |

SRR BTG G, 2B 2ol SR-AATasielfis (3 ww [ R) Sl crawrg wy 73 waksl

T SATRIACIN (O AT SIS TS e He-+1K12< (Same order) |
10.  (OfSba-Gi, &, 2, 456w S #1981 FTS S 1 A] IR

B(ETR G OR491-2FTS TGeTSITE 2ilel TZRIE ARTE FR0E | #M1L ©9R9F W) 39 2551
ety 399 21 oI GReINCR! T2 T |




e i

110

T ST st

1. (9T T& 2CE0GE 9Y 6 (@ (12, TEFEARIE A foege ¢ 77 Reqe
I A A0 (g G301 Bt SIS @ AI=elltR) | rerBis 71 @ FERGER
qif%s e=118 wifEd (IR | S=1R SfRatat Figes @i «ife= erem 22 |

2. (o® A FHEN G 2(ETPG I A 7923 | (5169 2[@ GBI 4| (967
ORI W G2, BERGEIREA! *(67 « {778 35 A0 | G235 (A I 0CF
T | G2 A% R COINICENCT 5 SFTMCE AR | G2 72 3659 ST 212 e
FREACGI 25 @ 2ERRGE #ITSfe™ 3 9@ (Pauli's exclusion principle) S 541 |
3. (GG ZERPGT (Fq© 2! 12 *IG A5 T 419 7 7 J& A0
@S @S BER T @I @ AR 6 2t 23 | & 230 T
T TETET 1R ¥ET TETF GO I SfSRG *fe AT 2 | & 2
BERGAT ACHIE (2 Perost *I[G a2 (20% HIgCBI -2 |

4. AR (Ao sAfTebaiz SR (@ wiwiel-(siizas 2iifs feice «feq
ceirel fagatiy fRifba ol (y ) f2bitaies 22 | e G3hiR oief umgal 7123 @@, =S
(12T PG FIPIF (ATSFCE hy AN *I) AR et 35 et |

5. oS -Teaq @oige 41 RSFHelE (AR @9l as SRS o SNiF F=1E
G NS (2R AR (Ao ToeTa w2kt o i Bt o SMiera o7 elrew |

h 4 — e
6. A= R fir e wRalTe € (Sifos wier S fg i (o

(Phase velocity) St (Il Sl 12 | 5 #vie wsesiq K6l (group velocity) 3
G B 9L W, AR T FEFIEI (@919 (0O F |

SrpATeTAl

11.1. 30kV BCeip G 7% 41 X I

(a) ARHID T <
(b) FRHE wesitne ez 54t |

11.2. BTN (caesium) 49T T 2,14y | gx 10 2N FHIF (SA1ZE GG
A T DI G 91O 1 AT | (ST (e OoTa JIRCRR0! e 5t ¢

(a) ol ZreT G AT 91foI& |
(b) gfsaaa-fieg o
(c) 19f® BEp G AT %fS |

11.3.951 23RS (2111 SR (Ao STes-Reda i 1.5V | 7191S %6 2 i -1




ISR BRI e i —
(7S 2T

sife-ife fFstim 2
11.4.<5! BTN S (Teniq Sesiis 2Ee 4 I8 (1299 920174 632.8nm | GAGR
ol 01 21 9.42myy |

(a) (o1Z39 IR AT T o *IfF S Sacel ez 54 |

(b) G2 M= AII SCEIS 91 GB] oT 2 (RPLS FAG! 25 Si#ifow 231 7
(43 R (@ IRCHT 2IB0HRN I S 8 FTHIEI FIfeTo(F T |) i

(c) T'TAHIE A S9! AR RBGCSF 7T AT e (9! = =1ifad |

1.5 gowe wbifee EME-«feq SIfearz (flux) 21 388x10°w/m? | -7 2
FoffsbiTe aifsrerres RFaeb! (FF6 fZpiors /2ix) w5 Sieifes 2372 4R @[ @ GTR-
FfRiE 5o 1T SR 550nm |

11.6. S (Ao To19 @ 2SS 2lfoqaa-ed SN Siifos (oflza T
G FTLCER TS T4 12x10"15 s | 2T A 2T G5 e foefzy 4 |

11.7.  CBITIER (ST (o 2 1 00 W I BTG @71 GBR #1]| [ise =ife= amaikia
(NETRCBICE RITT B =02 | BIGAT (A2 ©9re 589nm | (a) SEN (o121 Ao o]
T 51 ¥ [ 2 (b) (SO Sieifow T 5.9 217 (2fe e Swifew Hea) fFwiw 2

11.8. @b 49T AFEE F9IF 3 3% 104 Hy, | MO SATO g 2 %104 Hz FoHIT
(o123 wioifSe 20 SETs- o Hafsma S eifess eacen (cut off voltage) Sigfie
Afoeas-faes el 23 fefa |

11.9. B 49T FR-To 4.2eV | €2 49T 7 330nm SIRAITHS (AR ST ([QYios
i <7 #AifRaeTe

11.10. @5l W—ﬂ% 7 21x10" Hz TN (AZT SIS (S AGETD 6 0%10° m /s
o ZCEE G 1ol RG0R | (OTZ T5T 20ETR Gl folafSTeI FICe! AT F=ieIsha ST fslley
=

11,11, SE-@Agfes “fMbare 2T F11 Dol (T BT GBI 21 F9f (oiizs
TR T 488nm | 959 @758 @2 (7127 SNiifoe 20 ©F o[ fH5fs S -2 @R 5]
(photoelectron) F$+-e< (cut-off potential) A1 2feqss -ea 27 0.38v | ol 2ge
]| AT P2 ST el 541 |

11.12. 56 V iea-(ov@ a1l gk 341 2059
() O39S
(b) 77 37 S=Red et st |
11,13, 120 eV 9f¥i(& I& 206 <O
(a) @It
(b) &fs =1
(c) 7 T8 SR i 2 fep 54t |
11.14. SfEAN 36T ©F (@ SR T 589nm | 75w sifeife i
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(a) 95! TEFG =1 (b) 5! G GoIa 77 T SRR5ITTE BTG SRR4ITTES el 23 2
11.15.  ©eT® [ TEFEHIN LTSI W) T O40e Sfered] —

(a) 0.040kg ST IMFF WaTl B! | 0km /s BfO 9Ife TR =R |

(b) 1.0km/s %o 5if 41 0.060kg ©IF T57 €HF |

(€) 10x107° kg S o1l @6 2 2 /s BT @oife Tz |
11.16. 5l 3(ETF Gl NI B! 5 ATTFCE W I8 SRAWT 1.00nm T O AMHR20!
fapiel i3 Tferea g

(a) UTTTFE S

(b) T HICER *If& BT

(c) TETRGADN e
1.17.  (a) R sife=If& 2facet BG-GB w2 ©xesitnd1.40 x 107'm &2

fa XN 3
(b) VIS w151 SIFTR FANTEN® 4 G Gois o1 sifexife KT 2, 300K THeoT®

TS5 GBR Wy I Saiere el 29 2

1.18.  Ry-5as i Rifae saroltnd Rieaeid <1 (FIRIBI Siefie 51 T 5 7 38 SaRalrd
00 Gr el Jfe1 (Mg eal |

11,19, 300K TSR AT 2! B HCS SI9F 77 T SIR4ANAE [Fi 2 4] (@R (@ RGeS
TR (@9 (T2 TET® TGART MG-I9(F & (399 T | (TR FCoR Al
9 =14.0076u )

wfefe SrpRterat

11.20(a) A5/ ofT=s S SIS /FRARF INE® 500V Ke-0en 7612 1 G5! ¥
e Ted 41 GfiBRE 2[R9l Breig G TRATFS (I 570 sl wfora gl M fefx
91 | 20T GA R AT (391 ARRT (12051 ol 3ot <@ | ZCEReGera o it wiefie

e/m I 2e1.76x10'" Ckg ™ |

(b) €574 (a) T IR ! T A2 S TR RS 10 MV T 205 Tefs [l 27
CT200! O1E 1 | 5 O (e (TR0h! 9fit 4fR7 oIfRRit 2 FeIh! (Feal 41t e Ffa
Al 2

11.21 (a) 95 *If& [FE 2ERRGAT I GOl 1 30x104T I DIIFF (FA 9T AT O

ST IR | BEREETT T 520100 ms ™! T /m ITM1.76x10' Ckg ™ R EETEGAS
FJE R T/ DS S el 41 |
(b) 20MeV ZTETE G FINCA JE X AT JAIK o3 FIRR0T (2) © 9217 F41 TN 770




IR R IE T R e i —
(7e 2F (e

2 2 W T2, (OGECE 9 O “Af S i1 2

[ (ORF ¢ SepTiemit 11.20 (b) B 11.20 (b) AN SR 2031 O SIiteifErroRii e
(relativistic mechanics) Sifad =ifa, 6 CoItaTT QH@T?I@HW%W a’© I<2F
391 T 49 T (391 T2l T *fed (e (¥ IR FRE @RIR O1F FAH! T
FAe2 92 10! 3l (20| 33 T8 (391 3l Tbb * & SBeICe [ IS O i Fiae oo
fra1l Geacnel! ol 1]

11.22 FRANTFS (FIETFI) 100 V RS AN 1 2T o1 91 512 47 HH BI#® (- 102 mm
of Hg) 2GS (916 2! (olIeT 11 A1 <BICaT BT 5ol (109 SRR 2.83% 104 T AT
(BIFRE (g G40 BETRG 07 12.0cm TIPS JE R AL #16 FRC | (FHALBF
7RI5a SR 2N P FFo12S 4 (515 SCRIE 25 4 A (ot fFofm 36,
I3 FEeFOIF Fied [ T8I (fine beam tube) #&f® @IET T | C2RIG WK fofew
e/ m 7o 34 |

11.23 (a) 96! x- IR TeTIca [0 w1 Wby qefietia SRS o W 4540 | 92
fafaeia =5 Gb1T =T *ife i 2

(b) €21 (‘a’9) (AR AR 9 S T, (SEFA G61 X - 7] PR Fla
e i TS [Redq (FER G IR0 TG 21 2

11.24 Tt *if&q TEREA-7ITG G TS TR 9F G990 e W T4 Bl 7o
510.2BeV e S E-viTE 5o < 517 < @il 5! 7l =< ¥- < Sewim Gzt
o1 a1 1 otz | ACSIFCH1 Y - INE F9S TT® SRe i [FR 2 (1BeV =10%eV)

11.25 &9 SR YOI fwitel b1 SIS SCTIaliZ) Woat COISIITETIRAS SRS SCaibe F< | 22
FRAIHIE 231 Tra @S 2fefaiea o w750 051 S T0IRIR (I AT @I |
SR FRAIBIE 1B T, (71279 TgeTe! SIfe el 25 BIE 5P T T 51 A
(Il ool AR (TR |

() 10kW IO &F G ([ (275 T2 500m SIS (JfTer-waeol ffeael
FEICS &S (P e 7 5aa Al vl 51 |

(b) =T &R (- 10~ 1%Wm=2) & 8T (2= TR 530 1o Sefo Geik
Al (T2 (A2 0 T oS (RPYS TNE 5F© A= S Fawlel 41 | 551 20
B 2 () gom?2 D I90 (2T T FAI %1014 Hz, 6T 41 RN |

11.26 100 W FOR 4 B[ o111 W5fe 79718 SRoITER SIStz MR TERTEI
e =il e SRR Seifre Sl | afersa-Rea afi—1.3 V 27 (o AigthR FR-
T A (7R 91 | He — Ne (161 ST IS 2 39 T8 ARG ( . 1 0Syym 2 ) SRS
TG! (72T A ST (RG22 2
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1.27 - 7 W99 640.20m  (Inm =107 m) SRS 98T (ARCT FIRCBA-
fofErarR @ SR @7 Amiels Tulfre Sz g (il o (@ afeage-e0.54 Vi
-G TeAT AAT G5! (F-CET91F B (iron source) IZE T TH S 271~
98 427 nm SIRATTIS (A1 AT ST TR wAviel SNaifee SR | @331 afeasmi -
feq e 23 917 ¥4 |

11.28 SITEIT- (Ao Wofea FofdI5F ST [oTo! ST FIRCe! #A1 (571 51 ARIeTee
T, KTl 3T w191 fofe IefieTieR e SaRaitrd SIfSrRe I 1t SNSE SR s (o122
] SHEC [ | FRIGAN A (FRT €7 91 ST GF A A-CN O
IR 92T 41 (2fea 8

0 0 0 0 0
A=3650A> A,=4047A, Ay=4358A, A,=5461A, Ls=6907A,
G (oIl - R 2o e,

V01= 1.28V, V02= 0.95V, V03= 074V, V05= OV

V04: 0.16V,
&3 O 791 2T &P, ATLCEIN AT Fooleies, FIE-ers Wi {efm 1 |

[ BRF ¢ SHAEG OUF 5[ I W o[ FRICS (ST e T M 2GS 24 | G301
1.6x1071°CIFTR 211 INa , Li K 2971 419q @oe gl lermit #<r! Sffeet |
(9¢ e AFFE ((TF Gl 21571 ) 7191 (-1 e T W7 fgeret emid Fffes =i
AT FERRRNE h T3 Fhiel S |]

11.29 GoTS (FEHIN Ag B T2 FI-2pefer Sl G20z 8

Na:2.75eV;K:2.30eV;Mo: 4.17eV;Ni: 5.15eV.

B HSRIFT R S @R SN He — Cd (TGRS %11 (9 3300 A wReitmea
fafFeie FiaTe SCERE-(ayggiess fHafsel 73 7 4@l (@ TR 21 SRS 72 1 5619 |
W T SCEIT-(FIRT €51 B2 N 50 C m 7aT 991 2, (oo 6 2iba 2

11.30 gy 2 2RI BN ST~ I 10° W m 2 2IeTS (o112a Siisifo® (2rz | 5iEam
Ig-795 22 SAI5! waCol Siifes *IfE cximel ca 3o «fa (a1 el ©g WCw [ewie T
A5 SNCEN- o sl Ts 23 f2pist 71 | AIgBIR ST 2 e V. I frat sz 1 of
(AR TEACHIR 3 370 7w Flcg 3t ot

11.31 X- IR 12— S7e Red-(ona 7Rl ©f<e 20ehG-a 2191 ios [{5gael SIS Fipg Sied
A} | (FRY TR (probe) *If& @l ? (TRE TR FIRCE ATSFCH! ARG SIRATL
| A T 4R TRl | 97 T b e ARSI s gD (Rl elitg, m =9.11 x 107!
kg

11.32(a) 150 eV 5ifS =3 T A5 vy a7 R0 el 35t | SpTIeTal (11.31) F 5111 9!
2] 913 #1125 [5gael SR FI0e 20T G IR SR *EEE ALA7E | 9
SAfIETe *IfG1 S G Ml 51 @3 21T FIR0e T2RTE 20 2 171 41 |




fifead o smiq =
(7 AF1®
(m,=1.657x10""kg )

(b) (O TSI (70, ) APl AT TG ol #1576 &GS 7y 97 WRA foiel ol | 750
g9 2T IR IR @9 NG LA (FIIT TRl [ &1 ws); TAK FIA
GO (7] TEI TR I FH |

11.33 50KV Re-(OMa 2l §R® SEREGF bl SEERRGH NS (FI7e A2/ 391 (2= | €2
BETT G W T SR T 1 | T (@050 FRPEIR A G0 I @1 T (SR T
WW’@TVN oW 9 (resolving power) F51® ZIF I (2112 IR T SCARE
TG I GBI Kool 5o warel 4 |

11.34 (I TR SIRINTEE 29, T 910 B SEpiaiie 3 (72 910e7a SIIFhed @ i |
{5 SN TS G (FIRIRE-911 #IfRETF0 77 1715 1, I SICSICH T (7ES-(FeToCZ | SCARF
(BTFGe A (RF G9F TGO TIN© T BEFG I I 1970 T SRS 2f5,
IS GAS 2 3T(S ST BT (2f2e | 92 SR G IS *If 6= 91s (109 919) [T 23
ST SN e 51l | (20T G 24 & (& (rest mass energy) = 0.511MeV)

11.35 (FIIFTHS! (27 °C) W G YA blofe 2! R (5159 B! 2o (He )
AT W I SARANY Bl NI G2 SIS A 5! A NS 9T [ 196 3
ool <4 |

11.36 27 °C GAS 4P| 419 b SCEREGS W) I3 SIRIHH 510 1 W1 21T A9 101
LR WG T 199 (A 210710 m ) TS 9o F1 |

[ (ORI 2 SRpTIETT] 11.35 S 11.36 3 (7Y AAFe SRZIS 2l (915 SRR ©0a491-gCo!
SfFCE17l (Overlap) T € Ao 2] 2GS OIR5-Lo AETSIR SIS0 I | G201
I e e 5 Alige Sgre 24 (96 SRS 19 e 5 Jfel Oifd #1fF f[5e
1G9 SER AR (FIRIE | BTG G2 Seitew oToid (indistinguishibility) I2ce! (et
Sleold 9itg | G2 R smd-Reaine Tre Aloawe (SN #iiF<ee 7| ]
11.37 oofq 2PTeyes e s 2

(a) ST (T 25 O G Gl Foose 201 (FRIFT ST SRR | €2 SIS
eI 21 41 T+ 7 2

(0) ¢/ m ISR KRG 5 2 €31 m @9 @9 RS RIS T 521 2

(c) IRl BI#S (SI6ERE S2IRANZ] 8 Bivt T2 ] (RIS w091 7105 ARANR] 210 Si<e
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