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Absorb) IrEtT 33T HErEHT 79 THET J | WS, feT ufge™ d=% nigg==et (Empirical)
J w3 ferer dEt a9e &dt enT df Ifegns € AudeoH &9 a= o nirfedtut ot fag
fHEedt g5 |

= Rec (12.10)

12.4 JTEIZAS USH'E € §Jd WSS (Bohr Model of the Hydrogen Atom) UaH™E &

Jodeds <& fe3 I s 3 feg Ha femr fapur
gt yane € ded f<9 &g ger I 3 fene 979
U wHe fedders nfag (Stable) I 5 sta €7
3g" fAR 39" FeAt ufeee fe9 Jfv oA € 99
UTH WHE J | Udg, €< Afggtit f&9 99 gfenret
%39 I& | qIfT fAver JEI3dans 98 &8 gigwr
J, AC ot &fea feddaers e fAner w3 a=
J< I 9% © I&H (coulomb) fa@H Fgar »mumt
fafon g9e I5 | miAt A/ee IF JiBaTd Uy <9
Y91 nifgaedt der J1

guTHat faAst gedat fAurs € migAag y=faa
o3 g farst deat 3dar € gy <9 fefage
Uer gaer J| fene % ¢t y=foa fedaes <t
Qarr f&a39 Weet grdiet 71 feddes ied €
% AUTTEds (Spiral) Ug &9 IFar w3 »iz ¥’
sTfga f<g fSar Argar | (f¥39 12.7) few =t fen
3¢t €7 U freg &dt Jer | fene fegrer asrfrdt
fanat Sudt fAui3 € wigne 9d9 BIrge fedaes
TS Uer fgast gadat 3dar &t »rfest wie
nfedt € g9rd get J1 A feddes Aufeds
(Spiral) g 3 &f9a <5 § fsae d= 3T €8T €
ST 291 998 A% 96 M3 few € a9s G5t It
nrfeItut geset afdett g5 | fam a9s Uer
I€ Yo < nifedt <t ar3a9 gest get I 1 fen
&gt fen & fed Mz (Continous) AUTEIH UET II&T
gdter 9, 7 IW3< S9 il Alaer € €< J1
AURE J df 9€dedd € H3% d<% 3In<ig o fEq

atwn dafaa sfes a9
(Neils Henrik David Bohr)
(1885-1962) SEHTII €
Ff3a fefarurst fagt &
ged (Quantum) fegmar @
MUg 3 UIH'E &7 AUFCIH
AHSTIET At | 3Tf9d © 398
g€ H™S8 (Liquid Drop
Model) € »ud 3 €8T &
arfgat fedss (Nuclear
fission) =T fea fAgrg faar
AT | §99 & I<6eH W3fdat
(Quantum Mechanics) &Pt
gTISTIHG AHfAMTEt &
HUISTIHIIT frora
(Complimentary Principal) 57&%
AURe J35 9 ware's
faari




ufog few@er g farer H3®Y J af IS HAET fATT3 UaH'S Fa9aT™ AURT Jda SEt arel &d1
JI

s (TEgHs &T9d)

3 [
fg39 12.7 uanrg ©r Jet feddaes @I ¥ a9 & ofsa &5 § niwg wr A=ar |

@eee 12.4:- I&THAT faast duat U3 wgnTg, IEigas Ue™s € 979 UH wHe
fe@aes 3 Uer Jors & wmafgd g3t u3™ a9 |
3% :-€€U9T 12.3 goN #HIN ATee It Jf grfegds Uane f[eg Yers € I UH(5.3 x 10°
""'m ) @ »au fenm € Ug <9 fedaes € 291 ( 2.2 x 10° m/s) I fen &et Yo
€ 979 UH e fedaers & mrfeat 31

v 2.2 10°m s’

2 r 2 5.3 10" m

(=6.6 x 10'° Hz.)

F&Adt farst duat a3 € »igag wit AT It &t WHe fedaesT <& Uer faast
duat 3dar &t wrfest fenet arfga € 979 R WHe »rfest € sovae gt J1 fem &t
fsa® yam & mdfga nrfest (6.6 x 10'° Hz. ) <3t |

B1%H 899 (Neils Bohr) (1885-1962) & J€deve © H'3® <9 <t feafAz Je€t a=fer uda
(Quantum Theory) & H3d J¥ TE8™ 13 | 1A 899 & 1912 <9 et Hdls Jededs eF
yeaHsT 9 miftws 3T At W3 G gededs € 59 Ha® 3 Yar wdls At | €3 fest
gfeur &9 €%+ 899 3 1913 & feg 537 afenr ot farst Judt U3 <3 A=z 3
F937d (Phenomenon) & AMET AFET J | U9 fen AUz & yie A39 3 =939 AHES 9
feran® &at 19T A AaeT | feg AuRe T fardT dF YT HIgaT €7 YH'E AUTCIH &78% HET
S BEt geTet w3faet fefomms w3 famst duat € Hed fAuisr 3 Je d Age <
793 J| §99 & IHTAAT M MEfgT Fier (Quantum) Tda"= § 75 d 35 yfsdur
(Postulate) € gU f&g »mueT frgta fE3T | feg ga:-

1) §99 (Bohr) € ufg®T yf3dy At ot fan yure <9 fedaes nrue U Uy fS9 fefaae
Uer o3 fagt Ja9 Zarger | feu fanst Juat fautsT € a3t € e 71 fem yfsdu
(Postulate) € "&H™T I UIHTE €M I AfEd AfaStyt Jetiit g5 »3 gdq Afast &t 9%
o fanfez gt T | fegsT Aerfez Afggtnt & yre &byt Afag AfgShT (Stationary state)
afde a5 |

2)8J9 €7 gHaT Yf3€T (Postulate) fegaT mamet Uat § ufgg iz ager J | fem yf3dT (Postulate)
T y3fed fedaes sfga € 979 UH d=8 847 Ugr 9’ It da9 sarger 9 fagt et a=t




ARIT € W& ( h/2n) € Ydand dieH J | fe8 h ST (Planck) €T fAET (= 6.6 x 10
3 s) 7| fen et I99 BArQTE fedaes € det H=dl (L) d=ife3 (Quantized) T | H3SE
(L =nh/2r) (12.11)

3) 8§99 € 3T Yf3€T (Postulate) WgHT YH'e T3 {9 UsTT (Planck) m3 wrfeareets
(Einstien) 8 feafAz mdfed anies (Quantum) uaer=r & fustfenT famir | fer € nignma
aet fedaers nue €3 fefgae &7 Uer a96 =8 U 3 gnd uie G9nr =8 Uy f[<T mas
73fd3 (Transition) a9 AaeET 7 | AT €9 fen 3¢+ g9eT T 37 f&x 82™& (Photon) UeT ger
frm €t Qorr »idfea ug w3 »ifav Ug &F Gorr #i39 © gorae It 9| UeT des &t »irfest
Jo fau mitags &7 &3t A7 Aaet 7|

hv = E —Ef (12.12)

fig Ei M3 Efmmdfaa w3 mrudt Afast €bnt Gaar=t 95 w3 Ej > Er mildas (12.4) &
TEZHS YIS € BT MBI m&dT §IAT Afastyt &t Baa=T u3T 996 € Avtade fea
J 1 y3Z fen mitaes <9 fedacs Ug € mayu fed™ r € 793 I | r €7 H'S U3™ J9& Bt
fedaeTs € det Hdl 3'% HEfU3 §99 € €Ad yf3dy geriaade (Quantisation) BT YGiar
ga€ I& | At el Lder I L-mv r IneHlgae € §U9 € gHJ Yf39U »gAd [mildas
(12.11)] ISt AT GIATH™S h/2n € YIeSid € I I€ I8 |

Lp=mv r = ’21— (12.13)

fed n feq yaeta I, R ﬁwlégﬁunwnﬁ%ﬁnm%w@,'@,nth Uy feg fedaes &t
9% J | a1 g & n € WS € #EAe 12,3, ——— K@ ifagmigr favar 3, fagt & vg

T WY @fed ’AfeT (Principal Quantum Number) Sfde I& |

miteee (12.3) 3 v M3 R, € o Adu

fer mitgas (12.13) e & &= 3

1 e 1 (12.14)

2 (12.15)



miteae (12.14) few@er T &t nth g 9 fedaers T §afges a1 (Orbital speed) n =T
e AT J | AMtaae (12.15) €7 feA3N™® o9 o WAl AT 3 »igd® Ug (n=1) €@ »dg fem™
U3T Id AdE IT |

2
h” o
ry 5
m e
few & 8§99 @ »au for™ (Bohr radius) Ifde 96 73 a, 5% TTAEE I5 |
h2
a, —% (12.16)
me

fe@ h,m,E_ M3 e THE TS 3 q, = 5.29x10" 1 lm mitage (12.15) fe9, »rly feg =t 2y
AgE It gt Ugr € may fe™ n2 € &% Tue 75 | fan geigas yanre < Afag memar
feg fedacs € g% Gaar mitgae (12.4) 9 Ug € »@u form e is due 3 yu3
aﬂérwna@rfrlm—%fz

2 2
E, e Ez 2_ e
8 o, n h 4
s E me*
Hr n 8n2 ghz (12.17)
mage (12.17) ff9 ¥® dus 3 A6 YUz e J|
2.18 10 *®
E, 5 J
n
(12.18)

U=t GaA=t g% (Joule) € & fedacrs e®< (eV) fTg eHty A g5 | fagfa
1eV=1.6x10-"J | Aig@< (12.18) & ©aaT fem 3q7 faftrr A7 AaeT I

E 13.6 eV (12.19)
n n2

fom Ug feg afanrs feddes & g% Gorr € fevina &9 fae=sna foms fem afs &
TSI ENET J &t feddes &s7fga € yi'E &% 37 (Bound) Ifemm I few st gretgas
e &9 fedaes & afaa 3 (A gfegas yire S8 Yers) 3 b3 gt 39 M&ar ads
wel fEat Ganr & Agez d=ait| miigae (12.17) (12.19) &t feE3ust (Derivation) fem
FJHUST 3 MUa3s T ot feddes e Ug dadt J, Aedt fes<an Ag=mad fam(Inverse
Square Law) WUt& Ug w3Tard d€ I8 (A9 JIfT Had € 979 UTH fes=an ra=na fao dor
wITaTg UgT fEg WHe I5) |

Udg, AoHs 3T fefariat »aass AHge®s (Armold Sommerfeld) (1865-1951) & feg
feytfomT /it &t A99 I9dt Ug ©f 593 ger a3t A<, 3T <=t feg mitaas »istarg uar 3 <t
s gy f&9 &g deait |



ywe &9 feddes & Afast | ug g&W »afges (Orbital)

3f3at € niftws ST far &7 fam AN Ast ufgee Yy € 8§99 S &8 ga=ret Al J |
guier w3fadt (Quantum Meclanics) A fenw gu ff9 ye < HagsT misBe ST fem
W% &t fenm A J1 A9 g9 d< € ®arad §aAr UeT (Radiate) 96 & ISR
fruts € @%< 99 28 &3 aE Afgg Ganr Ug & gr3tardt fegmg féa Hiw & Uga At | S99
3 Afgg dar &9 ue fedderst € dat AdT € g<eHldde (Quantisation) B fegrd =t
fesr /it | few 397 feo wre &t AogsT e fia mit a&tfrat f939 At | g ader wW3faat €
feam € &7 wrt Yyt &t HogaT § J9 9t 3¢ &7% AHY e It | HAfSarg 39T mtaae
(Schrodinger Wave Equation) € & & UaH'E € ST s € WTadne 98 © 573 €& fesderat
& <t 3da1 € As It ST T

§99 3% <9 fan fegdes e Ua 57fgd € 979 UH fesdes €t a3t € Sadad ug J |
Ud grieH w3fadt € nignd wAt yie L9 fan fesacs < arst & fan Ua da € 55
HYU3 &4t a9 Aae | mAl d=% &9 € 979 U, fan fenfes g1 fi<e fedaes € fss
€ He'=aT € ¥79 31% 99 Aaw I7 | feg HeresT i fedaers 3991 €86 (Function) fAd &
»afge® (Orbital) IfJE T 3 U™ SISt AT AEt J | feT &% fedaes € fagen niat 3
fogga gaet J |

fen et feg wgdt T ot miit fegt €@ WawT ST &< #izar § mEiE|
579 H'S® d<s fEq feddes / mfes (Ion) € et War J, fen s <9 gda nafee €
&gt Qo v fEq o™ Ws Jer I, 7 HY gwier 99 n 3 fagsg J 1 g A feg usT 9

fa fedaes €t Afas Afast s Adfuz Qo fEa fedaes yre/mmes (Ion) fR¥ a=& n
3 faggg J| ggfedacs ye/mifes st feg HY &dt T1

*ITEIZHES T YH'E /e € BeT YU HIfSa1d IdaT itaae (Schrodinger Wave Equation)
T J% fAR § 3991 e%< afde 9%, &Tf9a & 979 UH »&aT m&al fafimt feg fedaes €t
Ag'=aT UST J96 € FusT féet 7 | fen nmafae (Orbit) €F §u9 H3® ST fedaes € st
ufafgig Ug &7 det ATs3T &dt J |

12.5:- 10kg € Jet Guarfa 8000km 7T femm € fe Ug feg
feq 999 J9a 2 uie f9 ®arQer J| feg Hee J¥ ot §99 € d=t Hadn
iq §F 397 Quarfo 3 s der J fan 397 feo areigws © fan yire fe9 fan
et vfewr et 7, Guarfo € Ug et gier Fftmr u3T a9 |

- Aftea<E (12.13) 3 WAt A7se Tt

muv, r. =nh/2n

m=10kg, r = 8 x 10° m | uHE JI¥ Buqrfa & it »397% T,2h T |

e T=7200S



ferset=ar v =2nr /T
Suarfa € »mafae (Orbit) T gwien Afteyr
n=(2n rn)2 xm/(Tx h).
H'E dye 3
n=2nx8x 10°)>x 10/(7200sx6.64x 10°*J 5)

=5.3x10%

12.4.1 €97 yuad (Energy level) uanre &t
Gorr G =B ﬁ?@maﬁra(n&rs‘fﬂm@
fa@?ﬂ-ra%r'?i)aﬁtrﬂ—e’leesdc'o a9 € A
3 338 MIfge H3BI n=1) S uUHe T In=

7 J, fen st 9799t wrafge <5 A7 3
wrafger f&9 Qoar <u Jet Atet 71 yire &
ﬁs@mwﬁas’rﬁm?;ma@?ﬁ (Ground) "<HET
mmmmmﬁ@awﬁ;@m
gﬁawmﬂgyaﬁmf@wﬁ(m
form a ) @ Ug feg Wver 7| for Afest oo
@El?r"(n—l Ei = -13.6 eV det T few s&t
TEgHs YH'e & fonaan rfast e fedaes
& WM™ Jd& BET Agdl [68E3H BaA™ 13.6 eV
J | fer § e & MrAsEnEs 3T (Ionisation
Energy) St afde I8 | §99 3% € miud 3 fHat
MasTerns €A € Hs ytar 3 Gaar €
H'S &7% YaT NS Yier g

aHg € IV 3 frmer3g gEigAs yie wiuet faBasn Afest fEe afde o | A< aet
e feddes <aq € 3dta o-&@awmwaw@vfeﬁ@wmaawaﬁ
mxwmmmmaﬂﬁaﬁm@ﬂm@vwﬁsﬁs
WHET (Excited state) f&9 faar Arar I

mlaae (12.19) 3 n=2 € &L BaaA™ Ep = -3.40 eV J | ferer W3sy feu § af geigas
e 39 fai fedacs & feret ufast €3fAs aes @@t Agdt Gonm B2 - E = -3.40 - (-
13.6) eV =10.2 eV J<qiT | feH 3T E, =-1.53 eV "3 E3 — E| = 12.09 eV | fEHET H3BH
fedaers & fenet ufast Afast (n=1) (Groundstate) 3 gdt €3fA3 Afast (n=3) 37 €373
aawm?uwv@we?maﬁmfwwnﬁwﬁnﬁaﬁwwwwmw
fegst @3fA3 Afastt feg fedaes vz U »ust fsBaa Afest e fSar raer 4,
%Hs?@afeamwmal%ﬁwémwé@mmweu@sg

HFCC




(H3®¥ n TUET 3I) B33 ye &9 fedaes & mae s ®et fa8a3H Garr et &3
U4t I Higae (12.19) T TEI3AS YIS &bt Afgg Afagtt &7 Q9T Uug may feurfemr
farum 3 | Hu gnfer &899 n Afgd Afagtit & Goar € =ue g fE9 »ifas ager J | fer fo3g
feg Ag 3 Tu Qo AfE3t mildae (12.19) ff9 n = « Jue 3 Hset I M3 fenet Garr
OeV (0,1,2) J1 feg yure &t Gv Qa7 Afast I AT sfga 3 fedaes ydt 37 €9 a9
fagr fapur I r—w)W@UWHﬁﬁhﬁUlWh@&?@?ﬁ?ﬂf@%ﬁW
gGorr=t n Tu< 3 faw 3gT ST M AEMHT TS |

fam yre ST fsmddle (Discreat) §aaT Uuar € I€ & fiur uan™e A& 1914 ST AHA 8
(James Franck) M3 A3 Ided (Gustav Hertz) ¥ &3 fapur | €8T utd € =y &
nifos , =AY SS9 wSaT wiwaT aif3w Gaar € feddes amae J a1 | fedaers & Qo
ufg=afaz & et Gt €3 ufg=af3z s =8 farast 439 (Electric field) e e |
fedders & utd € yirent 7% JFaT HaHT M3 UTd € Yt § miust Ganr € et
fevavﬁmamfemwe’rw 3 & OF Qonr nfagt fan f&9 fedaes I w3
few 3 €9 fan Uug (939 &0 )Emgwmgﬂﬁlgmgwwgfaﬂ
J J€ God™ Uug 3 ysl GarAr Uug <9 739 4.9 eV J| 793 Jet fedaes fanm &t
8aAT 4.9 eV AT few 3 Fu J, U9 <9 Sarer I 3T U9 T YIS T et fedaes caIee
TF fedags F Gar Ay Fer I m3 8Y Uug 3 €3fAz 7 Ager J1 [f939 (a)] eaa@=
=8 fedaers € aifsa Gorr fest H3gr fee We Ar=ait |

E E-49eV =253 nm
4.9 v A, AR AR

(a) (h)
83fa3 fedacs g <9 fefaas Uer a9 a faGa3an Afast fe Tum wir Ar<ar |
[f939 (b)] Uer fefags € 3dar et g=ait|

hc 6.625 10 °* 3 10°
E 4.9 1.6 10 '°

=253 nm

A HUs 7% ga W3 gded & eft &t fertas Audear (Emission spectrum) f&9 few 3dar
&egret € a3 fq dur 7| 8§99 € yne <9 famaie (Discrete) 897 Uug € v fega w3
&c's ferims (Photon Emission) € yfafemt € yGifara ynet € &€t 8 M3 gded & 1925

9 SIS YIHAT &% ST fapdT |




12.5 JTTEIZAS YIS € BES AUFEIH (The Line spectra of Hydrogen Atom)

g9 € 3 Y39y nigAg A€ yie G35t Gor Afast fam e gwied &99 n; I 3 Jo&T
97 Afg3t fam & gvied 899 nf (nf < nj ) <9 faareT I 3+ Gor € few #izg § nrfest
=57 fed @27& (Photon) ITTHS IdeT J |

hv,= En,- En, (12.20)
4
mitee (12.16) 3 En, UST o@d hv, = Smfhz[ L 12}
(12.21) 0 n
me* [ 1 1
v, = me 1 1 12.22
¥ 8egh2[n§ nsJ ( )

mﬂm(lz21)wé§mwéﬂﬁmsﬁﬁsmmydberg)wgsafrlfenmﬂm
fevnaanm’rn =) M3 nj = 3,4,5— Jue I7 3 fog mitdae (12.10) g s€ A< I
W(Balmer)&?’fexﬁmfengwﬁﬁsm (Rydberg) fAggmd €7 W& U3T d9 AdE It

_ me*
Afen3gra R= oo—  (12.23)

migae (12.23) &9 ST »&ar Afgg M 8" H's due 3 g fi®er & R=1.03 x
107m-1 feg v ferfufad® (Empiral) 7813 B39 3 W& W& (1.097 x 107m-1) € 593 33
3| fegfea w2 yGfara HaT €t fen AINa3T & 899 3% § AURE M3 YS=Ha! 3did
&% Adt fiu a9 fegr | fa@fa ngm3 nj €& YIS Hd (Integers) I& fed et geee feg
ufge™ yruz Jer J, fa 7e° M&ar wsar ueHTe<t Yuar f<9 edafAns (transition) §et I 37
Waﬁwwm%ﬁvﬁelﬁld'feiﬂa AUdeor &9 I78Hd H39 nf =2
MI nj=3,45 718999 3w <9 gdt guret €t g€ § <t S AT AdeT I 17 nf=
1 M3 nj=23,----- M3 JT: nf=3 M3 nj=4,5,- - - - M3 I3 I&HHAGT I JeT T |
fegst 3t & ufgere T3 ST AUFSHATUT (Spectroscopic) AT € =93 JeT At W3
feast § &feHs , 7849, UHS, 9dde M3 8¢ B30T € & &8 Arfent Avet I fegst
BT & BT 2I&TAREG (transitions) f939 (12.9) f&9 feurfemT areht a5 |

Ae fedags QUast Gonr Afe3t 3 Jout Gonr Afast ffg MBe g5 3T des Uer Je
(Emlssmn)erwaTar&l—e’a??lﬂ?aE’ermam Absorb)aa?zr#m@r@aw
ala €4t 9, 7 fan fedaes & fs8a Gonr Afast 3 Gv3H Goar Afast 9° cdafAms
J95 eI Agdt det 7, wfennﬁs’rg;maﬂaumwmbsorpnon)waﬁ?amfm
wmww#mwhoton)ﬁﬁm Rarefied) ﬁﬂ%ﬁmé
g™T AUAEIHIEd 7% ATY AT & 37 &Ara7d (Continous) AUTEIH 9, IT& T WigHIURS
(Absorption) AUdRHt Jur=t & &3t feyret féet T1 aatmt Jur=t @qF mrfeshut &
feu@fent g 7 W € YiremT 8 Adby™ JrEhdT I | TTEigAS YH'S € AUACOH € 899
H3® 8 &3 farrm Auretaee fea Ho™s yu3t At fans »wirafsa gnier fAats € yarst
& 993 AaTfenT | A 1922 <9 899 & 3f3at <9 588 yanag a7 s faprm |




(&% Gan)
Tolal energy, E (eV)

A
(HI&ETTeds yire)
Unbound (ionised]
alom
0 , \
_0.85 d-—ns g (@3frg wfagh)
_1.51 (g9ae B3T) n =3 | Excited
el states
-3.40 — n=2)
(TT®HT)
Ground state
—-13.6 . n=1
(BfeHs &3T)

939 (12.9) Bels AUFeaH 97T Uuar € {29 fSare aas der gt J1




hc

i1 m
1 1
fem et 21.76 10" -
1 n;
6.625 10 ** 3 10% n? 0.9134 n? .
19 2 m = T2 1y 10 m
21.76 10 (n; 1) (n; 1)

= 913.4n//(n’-DA
fem Agu f@9 nj =2.,3,4,5 d°US I H'E T7d ISP Ida1 SIrett s ATt I& 7 fem
7T Mi=1218A0 - A3i=1028 A0 1 A4i=9743 A0 > As5i=951 4 AO

12.6 §99 € gnieniaas € gd yfsdu e st gast €8 AuReiaas (De Borglie's
Explanation of Bohr's Second Postulate of Quantisation) : §99 & f&€3 I yH'E € S
€ A9 yf3dur &9 gnar yf3du A9 3 <31 §8ne UeT d9s =& At | fere dfoe & MaAa
sfgd € 79 UH WHE fedaeTs e det AT gnifed der T | (feAe™ H3&9 Ly = nh/2n; n
=1,2,3—) | T AT €7 a=® Gt Ws fa@ ger I, 7 h/2n € Yas Md gied Jer 9 ? 8§99
I8 MTUST H'SS UH Jd< © € H'®T i€ He 1923 ST fea gt 3f3a fefomnfaa
Bfen 3t ga@t (Louis de Broglie) €& fen yafas gt 98 Sfamm |

WA 11  mifoenre ST ga8t & gdeT e vfows Ji3T Al fAR € »igHe ye9g d< fae
at fedders <t 3da1 =9dr g€ few@er I FAtH . 3feans W3 »® &9 AaHd (D.J.Davidson
and H.L Germer) & 1927, f<9 y@ar gt fedaers € 3dar yfaast &t maret fiu i3t
sfen 3t gomt & feu faur fa fedaes § 899 5 fE3 giga9 U f<g ffg a= 3dar &
gu feg eftpyr Arer grfger J1 fAR 39t Urar 3 39 IBEMHT &, IS 39 < faRse
(Resonant) Afaghut f&g 4= (Standing) 3391 U™ a9 AIEHT I5 | I&TH 11 ©F YUAST &
15 < niforre f<g wimt Sftenr T fa fug 3T urar &9 At WSTT »iSar Idar Saretnt
83fAz J9 Hae IF| udg, B9t Idar et Ifv Faet g5 fAgt € fafeurt €3 &5
(Node) §€ T& 3 €T AefSar (Standing) 3dar Jetw I& | ferer Wawy I fa fan 34t f<a
HefSar (Standing) 3da1F 3T Tt FH=aHT A 3da1 <& 39t 9 fea uw 78< w3 =uw
e feg 3fg A3t aret g% gdt, fa 3dar Suret |, € Idar Haret w3 Jet T Yae wiT
AT € 3d9T FuTet © 99799 J< | ST 39T BFEHT €t 3dar 9 Ua=a3s I gE
mryn {29 (Interference) I€T T M3 W™ (Amplitude) €31 It fAgg T 7€ I&5 | n & Fadt
wrafae faveT »Ey fenm r T, ST Wve fedags I8 U € uforry fee i3t aret a&
ga"fz/lrn: n, n=123----- (12.24)
939 12.10 fS9 faw gaaarg Ug fAane &t n=4 J & nefSar 3dar feyret aret T
fem 3gt 2Arr = 44 fAE A, ne U ST wne fedders &t 3t gomt 3dar Saret I 11
& wiftorfe 3 ot Aree I A = Wp, fAE p fedaers @ Haar o ufre T 1 J99
fedaeTs € 9% YW ©f 9% 3 §g3 We J, 3T Heal mvy J<ar |
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fem yad A =1/ m . =9 Aftaae (12.24) 3 A
fizer 31

2n rp= nh/imvp  or mMvprp = nh/2z

feg g9 <8 &3 fedacs € det Haar @ gnier UELS

yfady I | mitaee [(12.13)] Haws  12.5 f&9 wAt

eftr fa feg mitage oeigas ye f<e Gaar Uuar

w3 fangle dgr § mis8< & wug J| few 39t 3t

grarst @ grgeT wHe fedders € dt Aedr €

grieriaae ©f 899 28 €3 g y3Hu et Aunetade

UH Jaet J | feddeTs & guifes Ua w3 Garr Afaz,

fegdaers € 3dar yfaast € aas g5 mMaaTel

(Resonant) HEfSdT (Standing) IJar It fog rarett I& 1 ) Lo
599 WSS v &9 auTia® eaneedt (Classical 1999 12,10 a@7aT uoiss

Trawctory)E"’f%B‘o’U(ElTﬁ'%HETfE’&ﬂ?"?? ot sfga fe mefsar (Standing) dar

T 99 UH WHE T5) TEIFAS 94T UaHTenT (& fevret aret g e Uw € ufs

fe@ae®) € vy g, fae’ fa Uer A waAdg 32 fSe s79 gramst sdar HEretat

fefage bt nrfeghit e fawaes At ugT GgeT I It T

fer H3® bt aet b < 95 | 99 fem 397 9%

1). 99 3% TEIZHa TId1 Yorent & BEt Ot 7| feg € fedaes yie fae fa gtshms
(Helium) €t 341 &arfenr 77 Aaer J | feq 3 T fedaes o8& yirent e fersne a5
BE 8§99 HTEH &7 YT J137 fard™ Ug Jet ameret &dt fvat | Teigas <9dr yie 8T 78
fagt f<g a1fed @ +Ze Us niew dger I w3 €q fedacs ger J, feu Z Uers Afvmr g,
gegde g5 TEIFHS YN |, fedsr MasTens difen, €09 miasTens S
(Lithium) %3 39 fegst yire <9 JiwgeT feddes- fedaes edafans sdt dett g5 |
HAfa® feg I df 999 fedaes d=s M=z a7f9a 5% It 541 g8fa gnd A9 feddes
5% St fafeuT gger 71 899 3% ©f 3957 <9 feddes M3 us Mz sfaa fegaa
ferat 5% T Gares J | fen € <9 fe@aest fegar fafonr ags T farst 55 aivs
&9t I 7 Jt frmer fedaes @& yrent f&9 Agdt €91 &% Aiie Jer I

2) §99 H'3& Tegns T9d1 yient I8 Uer ya| et a3t &t At sfeue=t
gaeT J, w3 T WSS Hiea e memmﬁmrm?aaﬂa?|
JEZHAs © §3H9ns AudeaH T, §r5’f"c')'-n-l"‘cs‘ (Visible) mrfeItot & Jharue ufe Jer 7
Aefd g9 € <u Jer 71 fev faf ger 9 yGfaa ussw feu@et T fa o9 cdsfrmst
THAMT € HAT9S TU WdT I& | §99 H3® Juet € f3uus § mizBe 9 migg adt J|
§U9 H'3® YH'S ©F g U™ 3A= UF JdeT J UT Afed yirewT et fen g7 sunitdas
&dt 3T A7 AaeT | AfeS Wezﬁwmmﬁgmmmm
mw&mmmﬁww@r%ﬁmgﬂeﬁmwm




®AJ yaH (Laser Light)

fan gtz 95 =@ gr9 AT 3BT UBTEIH ©f IBUST dd f”’:”ﬂ;’:
fAg 993 A9 WY fq wa=v 3 »ied T & W& W&dT )‘f{fr";’l
ferreT f&9 77 99 95 | €T © FeH wfsaing 76 »3 84t By
@’%‘ﬂ’ﬁ'ﬁw(Phase)ﬁ'ﬁU?ﬁﬁ‘ﬁlgﬁwﬁméﬁ S
Aftp f<9 Aot €91 7% W99 Jav fAumaht g9 Ae & (@) Light from a bulb
oy | FSE T YA

™ AN A= ot IHESt i3 989 3 UeT yam w3 8w fI9 o oo~ oo
Uer yaw feg fed ot »i39 I 1 LASER HE€ €7 H3®9 J o

(b) Laser lighl
B9 yd™







hv =Ej - Ef

et yirE 87 wirfe3t e fefaae Auer I fan & €9 G3nefAs g9er J | fen Afest fee
fE’&H?’?? nB’%’Eﬁ'@HﬂTHfHEﬁfQFCdMHHé Sdar J |

Ei+h =Ef

8).d<T H=ar € awieriade yf3du € g feddes &7fga € I79 UN d¥ femn »@y
fenm T8 Jur f&g Tt ufge aoer J | o3 &et fer™ e Ws

n_h240
" om 2 e?

% Gaar =t awifes 7,
E

me?

" 8n? 2h?

n= 1 Afg3t & faBa nfast afde oo | oeigns uie <9 fsBsa Afgst & Gaar ev v
136V T T3 WE (1) €3 Afaghir & Harg 31 yre §3fA3 Afadir f&
THd UN'S &'8 29 A Aat Mfe3t @& &¢'s & AY (absorb) & ugger I

9). 3t gat &t ugeT, fa fedaers € IdaT FIEr A =h/mv et J, 3991 dS €99 (Wave
Particle Duality) 9T @7 Uddr a9 St g9®t & S99 © gwifes Ugr &t fomrfm i3t
nrafae JisTaTd AefSar (Standing) 39T € HAT3 I& M3 wTafge € UfoHmy 3dar Faretmt &
Yd< JIed € g9 J |

10). §99 H'3® Tfegns =9dr i (B fedacs) € et 9t at 1 fen & € fedags

fas ot Ji&H (Helium) € Z€t feran™s &dt 3T A AaeT | feo v3® gfesdas <adr
YHTEHT & w3t € nirurt SteasT &t ferrfmr St &9t a9 Aae |




fewge Gar few (Points to Ponder )

1. 2HAS W& M3 Jodeds HSH o< J1 MAETE!r fAner 5=8¥ I8 | THAE H'SS Afeg
fer®t gu <9 »AETet 7, A¢ T Jede9s e mMafaes feddest € fanat guat fefaae
@ JTdE MAgTEr Jer J |

2. 8§99 & d<t Hedm (gw uf3d) e ot awievilage fa€ a3 fan 99 ot e fan sat 2
forrs fe@ fa h W3 Jet A2ar €bur ferr fea ot et I, W3 JIBTaTg WMTafgeT Bet aSt
A<ar féq 993 It ga<t gt J| few et gar yf3dy gegrfed J |

3. ITEIZHS HTSH € 899 H3®% Mianfa33™ fAUTa (Uncertainty Principle) € &7& mHdT3 A |
feg mrufsa gvier w3fadt @& e &3 fapd At fan fET g9 wrafae €9 ¥39 95 fAg™
feT fedaces € Wy €t Agresr <u Jet 7

4. "9 faver <t Afest 3 2y, fAg grfa w3 gIfo & JE3adHs €% Hod #3 Jfd €
JEIFIHS €% 3 §93 We Jer I (fa8nfa goa & = fan <t grfg € ¥7 3 993 <0 J)
fe@daers w3 feddes arfga v farst 9% Sargar garg ger 7 fagfa ufores feg gan
M3 EIAT ANTS WS it 95 | feg arae J fa g1fo =9dr feddes =& 8§99 s fammer
fe@derat =aar yHremt et Har a4t J |

5. 95 fenm nirafaer &t a@usT a9d fAgt <9 fedaes ufga aat d9e, 8§99 & gnier
frats €t st qut | 599 € W <9 fage fa awier Aftem n 71 s=t AU fAand awier
w3faat afde g&, §99 € yfsdur &% AfoHs T 1 Wug, gnieH w3faet feg (frmmer wifssT
&) , Jet fern Ganr Afast onmr f&a ot gmier Afest € Harzs sdt det | aet niener 99
ieH A= (n,l,m "3 s) &% TIATE ATNET I, Ud BT I&H USHS (Coloumb Potential) &
& (Tfegrs yire € 3g7) GarT d=% n 3 foggd Jaet J|

6. ATUIE ABTHAT MeHST € BFe, §u9 W3 <9 fan fedaes € mus wafae f<g
uHE &t nifet T AuaeaHt gur €f nirfest a7 det Heu &9t T | AudeaHT JuT &t »irfest
€ nafaes® Gar=t € M39 § h &% F9T J9d W&t I | TFtT Fwfed Afem=t (n 3 n -
1,39 n 3T &< 3I) © fegdd cI&fARET I €&T @ WS §99d J AT I |

7. 899 € MJU IBHAT WSS o g9 3T JeHa 3f3at € ufggnr 3 w3 g% wafeq
df3at € ufggmr 3 mrorfaz I €9 <t gfegas =dar uaHTemT & Aat f939 uRgs &dt
gaeT | At fo39 grier w3fadt 3 YUz ger I 7 H3® 39 3 89 'S8 3 Jet W&l J |
<9 79 §U9 NS Ydt 397 575 31d &4t 3+ »imt fere g9 fa§ o3 age a7 | #iug, S99
H3® § Ut g7 78 % J9 I

(i). feg 3% a=% f3s yfadur 3 wrufez T 39 <t gfegnAs AUdeaH et At
femmgret &t fenrfiprr qger T

(ii). wAt I@THET Ff3at St fagT grasT=eT 3 faftr 7 €9 fem wss fee rivs a5 |1




nmifsm™ (Exercise)

12.1 I9d IS € #I g &3 ¥ Aoz fEg Aat feamsy g |

(a) THAG H3& &9 YH'E € #d'd, J&deds H'3® feg UgHe= midd 3 ——— Jer
T ofufewT 3 et famaT, Wsar a1 MufipdT 3° et uie)

(b) ——— f<u faB=a Afast € fedaes Ag®3 e I Aefda —— <9
fe@aes AT 3T IS MEIT dIE I | (THAS H'IH,gEdeds H'SH)

(¢) ———— & murfa3 fart I&THAT YU & a1 ST UdT J | (SHAS WSS ,gededs
H'SS)

(d) fam Yy e Ua &ar39 e fe3faz der g feg w3 S 39 I WAE
fegfeg derd — @91 (eMHAS H'3®,ICdeds H'SH)

fS9 Yire © ue=fiz 9791 T UA A8 3 JU JeT J 1| (JE9eds H'S% 88

H'S®)

(e)

12.2 W& & fa A& € Ud3 €1 87 3 &7 J'fegns € USSI Hic T YUl Jdd A'g MBeT dS
436 ytiar €99e ©F Har fiuser| (Tfegas 14k 3 88 37U I SH J Al J) At fan
53 € 978 dae J |

12.3 UHE %3t 9 AUdeart du=t € Ag 3 &<t 3Jar1 et ot J|

124 23eV GadAr »i39 fan yre &9 € Gorr Uuar § w&ar ag féer J1 G3mefas
fefage € nrfest at 9=ait Aag Y <9 fedaes 3 Yug 3 Io8 Uud <9 edafrns
gaer J |

12.5 grfegas yie &t fs@sa Afast i Gaar -13.6eV J | few nimngr &9 fedaes
€ arfgw W3 Afafsw Goar ot J=ait |

12.6 fs@=3H niemEr fTT fEq grfegns ye e e AveT J | fAd &% feg n =4 Ugg
3 €3fAz T A= J1 s € 391 FuEr M3 a3t u3T J9 |

12.7 §99 H'3® € QUTar J9d fan grfegas yie €9 n = 1,2,3 Uuar 3 fedaes &
% U3T 9 | (b) fere {9 I9a &t Ug mieas U3 99 |

12.8 gfegns yie 9 niegst fedaes Ug @ »@y ferm 53 x 10-1l m J1 0@ n
=2, n=3 I Iy fermmA U3t ad|




129 IHd € 37U 3 IHT Ifegnas 3 fan 12.5¢V &t fedags ya & avgrdt i3t aret|
faggtt 3dar ety &F 3t G3nafAs =t |

12.10 §99 H'S® € MEHT HIA € 979 UH 1.5 x 10 1m & »gu femm € g fET 3% 10 4ny/
s @ Ugt 29T 378 WHET T3t ©f anied Rt u3T a9 | (Ua3t €7 ya = 6 x 10 24kg)

=g mfemm (Additional Exer cises)

12.11 I3 f&4 yaaT € €39 € 17 3UT§ THAG HS& w3 J€dedsd H'3® fS9 #i3d mss
Bl Jait 3gT AuTfed 95 |

(a) fa eHA® H3® fSo U3sT s € Uaa 3 fds wiser aer o ufasd wigHfss #ina
fegus d<, J99ed3 H3® IBUFIH MEHTTE3 'S 3 993 We I &I19dT ANTS 7 AT 993
2T JTI

(b) THHAS HT3& I8 Ufd® #gHTTET Sa=ds fuse f AgTeaT (H3®Y m&er a=T ar 900
3 IF d< I ¥3Q) Judeds H'3® I8 Ufa® maHT a3 e 3 993 We, Bargdr IS
AT 993 U J|

(c) =&t agaT & Afgg gue I8, yudr &9 feg utfen fapur fa ule Heet t € e,
fegaa® d=rT 3 fiz IT weT a=T & AftT t @ wguT3T I | t 3 feg fadgasT ot
TIget I

(d) fom U3 &9 mSer g7 @r UIET Yaz 3 fuse 3 gwie »iAg fuse ds er uzT
BIMET BT HBSIUS (Multiple) fis< € 978 & q9aT IBI T |

12.12 Trfegas yIe € feg Ja37aens, I8N MTaans € &argdr 10740 € gred 3 uie I
fen 39 § Tue T ffq gezger Qur feg J Fag fedaes w3 (8 Jeaaans
%ﬁﬁ%?ﬁwﬁmwﬁvmﬁwﬁémmww
SArg | IAT HEdAT €37 UGdT|

12.13 AC J€t gfegas YIE Uud n 3 (n = 1) Yug 3 meQ3fAz ger 7 3t G3mafas
fefage et »rfe3t et ferfAg yuz adin € <3 Ws © et feug at feg wrfest Ug
feg we feddaes &t auhdal mrfest € gorae d=art|

12.14 g&tAat gu fE9 fan ye <9 feddes sfea € 979 U™ fan <t ug f<9 T Aaer
J 167 B Y T Arfed fan 3§t 3 deT I 1 Yy MU Arfed € 8F €F 999 gt <5
fag@ =at T ? fev yas & 8§99 & MUS HAYT YIS W&, 7 fa wimt fazme fEe fifumr 9, 3
Wau&lwm@mkvwfewﬁmnﬁuﬁgu&lw@m’ﬂaﬂ?ﬁéw femer
U3T 8T Bt il WS Afad #iar € 5% Jo feut arfsfedt aoa eftenr fa Saret < few
Tt aet g YUz et 3, famer mrfen yire € Arfed (~ 10 -10m) € s9vgg T




(a) % fAEg widT e, me M3 ¢ &arel & fen =5t It € 99T 99 | €7 e Aftm=va vs =t
faguafag ad|

(b) AT THaT fa (a) ffT YUz yone<t fenr € ufors &t dfe 3 gt &<t JIfem 3
fegrer fen &9 ¢ < wivs I 1 ug Yire & Qo7 fae3g &5 fadetfenfed (non
relativistic) 439 &9 I fAg ¢ &t Jet FhHar sat TIfen 315 & 899 & ¢ & &5 a AdT
mmammewwwmwuﬁgaﬂwﬁmmwmww
ﬁ@ﬁ?févwwﬁlme?sﬁaﬂdauww@Wfﬁhm M3 e & YWar 3 It Aot
wmmlmmh,mewwﬁmamwmm o 3957 J9

w3 feg fig a9 fa ferer Aftpmava Hie, Tm3< fS9 Adt ufowe €f dfe er T

12.15 gfegdas yne et ufost §3fA3 rfest <9 feddaes & g% Gar Sasar -3.4 eV
J1  (a) fen Afgst f<T fedaes €t arfsw Gaar at I

(b) fem Afest ST fe@aes &F Afafaw Garr at |
(c) Hag Afafaw GaaT € fieg H39 T gew= a9 fegr 7= 3T Qug fe3 ae B3er 1<

fogaT €39 geaadr 2

12.16 Add §u9 & FHeHITE (Quantisation) Yf3FU (FST HIIT = nh/22) YII3t €7 H&
fsw § 3t feg grfo aif3 €t fenr e =t &rqr der grfgeT J1 89 AN HoA € 97 U™ JJf
@ Ugr @ guieiHade < fen feg g9 faf =at Iae |

12.17 ufg®T 8§99 wau femm™ w3 Heifad ITfegHa UHTE (muonic hydrogen atom) (€t
Yy fram {99 Bargar 207 m_ UF &7 fae W=fiAg vods (M) uenes € 979 Ui wHeT J)
€ g 3 J&8t Afgst &9 o yuz aqd |

yrat @ §39

12.1 (a). &It MBTT T |

(b) UHUAE (Thompson’s) HTS, IEIedS HSH

(c) IEISIT H'SH

(d) EHUAE H'3H, d€deds H'3SH

(e) €< ITH3H
122 gfegdns Mg T &ed fea Jers I1 87 & Ud 1.67 x 10 27 kg d, Aefa fea
fE'c'u'FﬂB_c’(Inmdent)WHE'ETUFMMX 10 -27 kg fa@fq 436 Jebw o= 2adie &g
3 T YA T J, MEeT d< 95 85 (Head on) eda'Q f<g <t =run &dt ua3ar | feg 67
39T J fAn 3gT aTt geas fan Sfanm €t 9T &% edam™ JaeT J|
12.3 82nm
12.4 5.6x10 6hz
125 13.6 ev; -27.2ev
12.6 9.7x10-8m;3.1x10 15hz




12.7 (2)2.18 x 100 m/s ; 1.09 x 10 O m/s ; 7.27 x 10 5 m/s

(b)1.52x 10-165:1.22 x 10-155;4.11 x 103 s
12.8 212%x10-10m; 477 x 10-10 m
12.9 FfeHE 3T 103 nm M3 1.22 nm ; §BHT B3T 656 nm
1210 2.6x1074
1211  (a) BI1IIT 97T

(b) g3 Ule
(c) feg pem= feer I fa d38 23 39 3 fea ot <9 o Jer J, fabnfa eradie et €
U< &% AT 39 3 Td97 U AT I5 W3 fer set fRT 39 3 Hetel <fus a5 |
(d) THAS W3% g feq a&t da9 993 uie f3e8ana (Deflection) féet I due f&g
wrfeT 4376 d< €€ It AHgTomT AT AdeT J A9 HBIIUS 437G 3 fegrg adie | fen set
THAS H'3® [f9 WSS 438 & &t 23 A7 AdeT | 3% <9 993 AT U436 fea
a9 3 der 7 M3 HBS 4376 fecae § ufost sngd <9 &3 Hae I7 |

- P . Sn . age Az emkz)t
12.12 S99 H'S% & Ufd® »du fod™ & a, WAt € Hae Tt ‘ . g it

m.*e

— ~ ae a ' . I E
W& BEIE ot Mg JESTIIRS 98 g9t INEF T T e e b gty &t

2

A9 3 G mp me U | for @7 HIBY T fa »it S99 € ufa® wrafae e wiay fommm &

Harer g 2= (0/2z)" =1.2x10%m
(}mp me feg Y3 gfe=on € riems Mag 3 Sg3 57 J

v=me'
12.13 (n- 1) ] (22- 1:,
I4z E? Ih 2z

(4z)* E%, (h/2z) n?(n-1)°

4

v = me .
—_— o xr p— bl — ~ v
I n et NFEL 022 o WEfEes dus Vo CZD g9 W3S <9

—

V = a(miz) r=4zE, (h/22)* n*
m’ )Hé- mal fEU fE"‘ET %

= me4

2 EL M2z n} HATSIn€ &LV T HEI T

V. =n(h/2z)
2Jzmr?




eZ
12.14 (a) ( 7 T m—— )W@méwﬁﬁnwwzxzx 10 -1Sm e

€ Afed 3 gg3 Ui J |

4zE, (h/2z)

(b) fer ufgent ———— St et Sioft fen g3 | fem &7 1 0.53 x 10 -10m I mi
fen & w939 viefeq Arfen e der J1 8¢ a9 fa sTfennss nragie g feg sdt en
Ao fa ATfer 3 Ud9s BT wAt h € 7] 3 42 M3 4/2z fa@ feras aaar |

m—v‘l-.= Zet

12.15 §99 H'3® {9 mvr =nh W3 g 1zEg: M

Qo

EN
e’ J

(fo3 £}

T=1my =Z¢ - 1= 4zE ol o

2 §ZE r

e m

fegt Adur T fAeg UneNA® GarT € 9 5% dEf 85 €< &4t J | g€ UnieNAS Garr €
ménﬁsém&mﬁﬁwfr v=-(Ze*/yzE 1)
AfderIV=2TM3IE=T+V=-T E W& E=-34eV fends 3 mufez 7 fand3
3 UnieNAS BanT fAed I, E = -T fen3w® J9d fen Afast feddaes e Ganr + 3.4 eV Jet
JI

(b) V = -2T ferans a3 feddes & unicns® €9 = -6.8 eV J|

(c) HaT YeH® Ganr €t fied =ud 39 3 gfeg, 3 aifsw Gon &dt geset | ferer vs
+34eVUﬁH3WENHE@W€fH€HETHﬁW¥mTUIHfEBT€TLWNﬂE@EWW
g% GarT 9% A=t |mnm?ynm§awwfﬂeamsagm|

12.16 h € Ha™8S gJIfg IIf3 €7 AfE HHer 993 <U Jer 71 Gegde € 39 3 uast € qifg
a3t € JEt Hie 1070 €t d¢t er ger J | 8§99 € gricfenns yf3gy »igng feg n € 593

<3 Y& € §9799 J (1070 € Sar=an nefewesmwweﬂwv@m?mw
§99 H'3& € gmeTTens (Quantized) H33T €7 HHE EHJ A3TT € HATES ¥ ule geT J |

12.17 7 A9T g¥ grfdeT J BT §99 i3S € T0HS &9 me M3 M 5% 998 o H®
AIeT J I At Syidl fd ed Wwear §Afag ¥ r =< (I/m) M3 E =X m fen set

Vu= Tl =9 535 10713 -13
TR o7 = 256x 10 m

207

Ex=EMa _ (13 6x207)ev=-28 kev
me



mfgmAT & @39

121 (a) ¥ Y It (b) THAS H3H, TTISIS HSS  (c) TTIIS HSS  (d) THAS
H'3®, JEIed3 H'SH (e) €6 HIH

12.2 TTEISIHE UeH'ST € &79d Yers 7 | femer U 1.67x10-27 kg I, 7€ WUt mizer
g T YA 6.64x10-27kg T fa@fa fise =& g v yn, eadic &fsa (Ues) 3 993
fevmer J fen et fegmfea aat feg =t wiser g =fur sat ug3ar | feg »ifrar ot 9
fAe fa gea®, fean-wenar feg 2fan € are &% eaae fen 397 fus™e =3 d=F 3 &dt
Jg=ar |

12.3 820 nm

12.4 5.6 x 1014 Hz

125 13.6eV;-27.2¢eV

12.6 9.7 x 10-8 m; 3.1 x 1015 Hz

12.7 (a) 2.18x100 m/s; 1.09 x 100 m/s; 7.27 x 105 m/s
(b) 1.52x10-16s; 1.22x10-15 5; 4.11x10-15 5

12.8 2.12x10-10m; 4.77x10-10m

12.9 FEMHS HST: 103 nm %3 122nm
g™HT HST: 665 nm

12.10 2.6x1074
12.11 (@) BJ1FdT 979

(b) Ig3 we

(c) feT Haz ager J fa fis™© vy gu feg daa9t € 9w I faGfa féa cag €t Ha=ar
Zr3die UaHTEHT ©F fare3t € o7& it €a1 57% Tuet I W3 fen et Herel € 5% aut are
Suer J |

(b) eHAE H3% feg f€q 2da € a9s 993 we feuy Jer I | yfuzg »ins fdeG ae
©t fenrfinr fage 993 fis6 § forrs feg ou a It d13t A Aaet I | fen &t evAs
3% fog 993 fis& & Qufin a®3 T | gededs 3w feu =ug fis§ ffq a9 &
q96 ger I M3 993 fizE ygre €t ufod 338 view 3 Ut i3t AT AaEt 9 |




12.12 §99 H3% &t ufgst gamT a frmer s a = dpe (h/2p)2/mge2 H HI UeHTE TFS=T
W(Gmgme/rz) g Sfant iae It 3Tm?;(e2/46a)e°rw3Gm8meurnggaw
gater |W3mme°ruﬁ8’raam@mf—®mao —(h/2p)2/Gmpm2
~1.2x102%m J=r grater | feg Hyds fene € Mass Mag I A3 37T |

_ Z]
v=med e ﬁth .1.2 1

1213 WTE an(n1) o

n ¥ TUNS BT, v = me?/3203 42((h/28)3n3

gamT feg wrfeat v, = (v/20r) T |

§99 3% feg v = n(h/28)/mr, M3 r = 4840(h/28)2/me2 n2 T |

fem &gt v, = n(1/26)/28 mr2 = me#/3283 42(h/28)3 n3

AnT NS T BE vENE T EIEI T |
12.14 (a) THT (e2/404gmc2) Tt fart Faret Eht fart g5 | femer s 2.82x10- 15 m I =
SHS € UgHS=T Aeld 3 gg3 We J |

(b) TR 404((h/28)2/me2 Sht fent Faret St fart 98 | femer s 0.53x10-10m &

H UIHTS<T Aretat @ w939 @ 7 | (forrs fe6 fa fart gga sma< fev feg &3t en mae
fa Arg At Arete YTU3 996 € &ET h € AES 3 40 M3 h/26 Yf3nefuz gaaT gater T 1)

=med(2n-1)/{4n)3 € }(h/2m)3 n2 (n-1)2

12.15 §99 H'3& f@9, mvr = nh M3 mv2/r = Ze2/43e0r2

fem Bt T=1/2mv2 = Ze2/8pegr; r = 4pe0h2/Zezm n2

Wﬁwgm@wemméw?aﬁmmﬁa | g= mfafsa
Ga7 € i3 Ung &t md3 3 I J95 3 |

= (Ze2/4d3r)
I V=2TM3 E=T+V=-Tyuz derd |
() E €7 d¢ 3T H'S = -3.4eV &3 3 Afg3ta Gor e Uug &F udufed §< 3 mrarfaz &
| E = -T YyG&aT 39& 3, fedacrs € fen »iengr feg arfaw €aam +3.4eV T |
(b) V =-2T & =93 J9a , fedaers € Afafaa Garr =6.8¢V yruz et J |
(c) 7 Afafaw 37 € #1d Uug & Ty 391 578 I J13T A= 3T I3 QoA nmiufa=afss
gfdet I | a1f3m Ga7T & WS +3.4eV, Afaf3m Gonr € #id Uua € S 3 fagga adt Jae
J | 7 Afg3t Goar € w9 Uug €t 2v a1 5% I< I3t Atet I 3T fedaes e mengr F
Afe3te Gor w3 J% Gonr ufg=afss § A<alt |
12.16 IOt ISt &7 AfHT dSt ALST h € AUy fegt <37 J fa fenet 3uaT adt a3t A7
Aael | €eT99s BEt MUt JaaT <t 313t feu uast er et Aear 1070 hwasg €7 | §39
¥ geidldde UHede @ Uet feg, feo n e 993 &35 (1070 @ mgsd e e € HaZ J In¥E
f€g <5 W& € BT 899 HS® © aeifes Uuat et maddtt Gaaret w3 det Heart €
39 fesgrfea Gent € Bar3Tg Uuat &t Hed =T M3 dt Hear &f 3BT feg
ggI W J |




12.17 §J9 'S € A3 <9 me § my 5% Yf3efu3z 995 €t &= J | fen set o uet &
forfed que 3 it yuz gae I far o (1/m) M3 Em
fem et 1 = reme/mm = 0.53 x1073/207 = 2.56 x 10"°m

Em = Eemm. me = -(136 X 207) eV =-2.8keV



