








































































a Stote Hei som berg'i wnceatainty ponaple. shoo that 
efehorn do net eoiLt inside te nudleus usi9it 

em) 
StatemOt : 

Heicemberas unm cestainty pinple stales 

that impocLble to deter min bot the 

exat O Lifon amd tthe exoa momemtim @p a 

povottcle at tthe samnL tme. The povdut ap 

uncestainhes in these quantitiel ic alway a Yeater 

than eauo to 

Ax. APr h 

Az ^ ame ft wmcwrtannel îh tte mNaswaement 

Ax ame 

APa4 are 

CancetaunheS 

în tee 
meaturene 

APa 
poLitton. 

st Cle 
momemtwm 

eL 
tta stcle 

Show that elertons donot poetent insite tte 

nucleuustmg HUP. 

Elechrom to be prrent în th mucles, 

maxi mvor 
uwncestesnty

îm ONion AX 10maonks- 

Accosd to +|UP, 

The inimum 
wncetonn în momentun 

Ax. AP 

AP 

.2SxC 

43.14-2x l5 



AP 5.215xi Kg. ms. 
(6) 

P Cco) 
The mnimum ongy a fhe eledon tn the 

hucles Nn by 

(507S At) 

2x xi621 

E LS27xiaJ 

t-s27 xt eV 

E 95.45 xio° eV 

15.45 MeV 

95 9S MeV 

ut tt mAwimwn K nLhic em y aL the 

elenont (B-povoticle) 
emthed fem tne mudeu 

do enot exteed4MeV, t 

Hence elettrond 
camnot preant niide 

the mcleuo of an odom) 
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7b.Kith neat dhogVm, explann tthe CO&torcutn 

and DOs Kîg ep CO Laler. 

PDuoes dischog bwer 

Cupply 

ttetodes 

Glass 

tub 

Vpolooi2 
beam 

Fl, 
rlescd 

Doreuo ster 
u0i ndoWS- 

Paotiallhy 
teted 

ConeLk ot quast2 tuse 5m tergamd4 

SC n the diameter. TS disCharge tue i 

tled uwith qaLRO UL Mix fuse a CO la6the mediwm) 

Heium and sogem ui Sutabt peitwe 

Com& uHn 

The 
Schemate diagrom COLAST s ap 

Shousn în tte SGe. t%s lases i 1nvented 

by C'kN PCtU am Indiam engineer. 

e eot a qaos disharge tube o lengty 

Sm & S c diameteor lad tu 
COD Ala&He n te ratio i323 TUp 

*Hh DC NaltaGi cam be appies to tve Faak as 
btuwee the eleod. 

Ends aL tte. tuwbe i AHed us NaCD Baeualteo

uindouws to get pelaaizAd lacer beam. 
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Tuoo Con taefocal ciltcon miro CoateA oit 

alwriniwn are p'ovidad a the enAs o tl 

tube usACh oacts as eptial resonotors. 

Cold woter ns cstulouted tthroush a tube 

CurToumding t¬e Anschcvoge tube. 

tktorking e CO Loser 
AtymCindin

Sttch 
detatousti state oniny 9y 

E5 

Caoodoxida 
Symmrtc 
Sretuh emegy enoy 

Lo.Gwm 
-bMm 

CIoo) Collic'on 
E3 Co0) 

E Coo) 

rOwnd stote E eomnd tote 
Poinaple: CO laLer Oosks on T pshndple op 

Sfi lated emmiton 

CO lases a le nmelecuulwa Gas lae 

ugnCh psoduc 
CostimuOW o2 ptulces laLes beom. 

t L0orK en the prindpe op 
CHmuulatkd ermselon 

betuoeen ta rotatiomal CuLleelk ap am upper 

lowos uiLoatHonal lonels a CO2 molecuules. 

Loni 2ation takes placa due fo eleic dischae a 

uohenmeh De 00 Hoge s apphed betuoeen eletrode- 

pooducins eleuont. 

The 
acceleroted es exccte both ANa &CO atom. 

to thelr higr enengy leels V=| &Cs fro 

tur NONnd Stot OGdue to collision

os follouos:



etNa N+ e amd 

e+CO 
shore e & e al He enorgie a e bepdoe 

amd ater collisi on. 

Co+e 

A molecule tn excited cfrte lenel eolide wit 

Co m®lecUec ther aromd Stote C 

excte it to metostase Stote Cs resonamt 

emurgy1 enirgy toameter as lee) C5 o CO2 is Same a 

enne 

la+CO 7 CO2+l 

*As toi procRS Cosytinuos ae to eletiC 

As 
sChovst puwonvptrg, populotion

înuers 

take place betuweUn Cs 4 amd Cs&C2 

The tsam G CnlAe-exci tot on takes p{aces as follouws. 

Cs C4 psoduung 
laser lo.6um (IR gon) 

Cs Ca3 

CL C2 
C3- C 

RadiaOn lese tramckons. 

1.6 wn C 

Co-C 

Due to 
Thosolad conduN Viy He, it 

rOEs 
MRO from mxture 

depopulate 

the lou0 es StoH% Ca &Ca quucklg. 

4 asr 
bm s anpHed bu ustog optical 

YeSoo aors . 

he 
acer oudpnti ic too ikK fer atinuous 

mo de 
1OkW ln ptalset me de. 
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Ofeton Is trapped ma 1edimernc) onal potetiak fCo 

well a nfinite hetaht and a widh a! o»2mm. 

Colcuuote he eneay ]irdfor gr0md state 

ts ftot tuoo excifed State. o4M) 
Gi um dala " 

dth polenia we, a = 0.2nm 0-2X 1O m 

Tond: 
Enero a 9roumd sfote E = ? 

Enky a exeited tee Ea 2 n-2 

Enery 
E3 na3. 

h 6-625 aioJ-s. 

m 9.1x10 F 
En h 

Fow goumd SPAt , n-1 
a Ot-mm»0-2Xo m 

ma 
C6.G1Sxo34)

8xIiox Co2x o1) 

E eV 

bnesqy a 4aexu ted &tote, E2 

E= 4E 

X eN 

Enerey exct exci Fed cfote, E3 
Enerey 

ta 9 E 



8 a. Den am expreshon for eney dentity e aodhoioo a 
in term o Ein Lfein'k CoHicients. 

Lndued abioptì on SHmulaed EmiCion 

- N> -

E 
hY 

N 

SPmtameouL 
eni&on 

Cbodsr too emny Stoteo 

Sycom atoms CE2>Ei). Let thooe be N atoms wsth 

engeyy E amA atoms uit) eniogy Ea, per wnit 

9eluone op the Sycftm 

&N0vre lal|d number smsrty a atoms în te. 

Ctte 1 &2 resp. 
radhotons 

wsth a cotivmuous cpecbun a 

r Lniies be mudert upon tta Sqg fem. 

et there be radiodion trRuwmu v, Such 

tthot - (E2-E) & le E9 be tte envogy density 

Thwm y -Av wi 1l be ft engy density a 

Oadiahions whoLefreauwntRD tn fhe aamee D and 

+. 

Let uL mow Coskidr te aLsosption A to foo 

em &Lton proces A Cad by e 
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C Induted absorption 

n tho CaDe a nduca absorphon, an atom îin 

ennel 
the le Coun ho tte leel t2 nen it absootos 

aradiai on aP ARAny , Suuh that 

t2 n n t absdetos 

-
h 

Suh alLOpti ons per umE 

The numlber ap 
Suh abStopti ons per wm 

me per unt yollum2., îs Coalled rate 
aLtDaphion 

Teotef ab&Ophon dependl upbn, 

)bte mo.dnsthy ep lo0N eneAOy tae P. N amd 

bs te energy olemity R E. 

' Baea 
înduced 

absopthjon o ANEj 

Rote a I.A = e2N) Ev. 

h Bin is tee Comtat af propoationality 
Calld 

En Stenk Coei uon a mduGRd abLorptian. 

(t)Sportameous emssion 

An case op ontameous emission, am aton în h 

iGhor enwrgy 
lene Eo. umdosgoeL 

tansiton to tthe 

Lowlrenray (euel E Voluntariy by entHng a photo. 

ThA numais e Cuth Spontameows eYSA On P-e 

umt tme per 9o lurnl, alled dote a Cpontonedw

emI On, us Ch s poporthon to onhp the en 

mumloer demsthy m fe wnr eney Stote.+e.Ab. 

Roteof Spotamlouo ermt cion = Aa1Na . 

hoe A2i is coe} o Spontameouo 
emion 



3) 

Ci Stimulated emiSojon 

The nunltr q sfmMat 

stnulatéd hoton emitt ono per writ nne phoro 
Btere intidm 

utided photoy Peo wmit ngomeis Lal{24 

EI Rae a Stmwlodt ed am n. 

Rote a StmudatHed emmstor) N2E). 

Rate &timudaded emson = BoN2 Eo . 

alwre Ba is Coea stinudoted emision. 

At twmal eilbnum comdton, 

Pte og mduced obSptO) Rate a Spentoneouo 
em&don+Rat2 Smuloted o 

Ustrg ca , w hawe 

B2 Ni E = Aa+ B2 NaEy 

E B2Al-B a A Na 

E 2 2 
BjaNi - Bai N2 

Duidhre both Nr & Dr bu Baa, to@-jet 

E A e/B2 Na 
P2 Bai kla/e No 

E A2 Bi2 N 
B N 

Accordsrg to ot2mams lauo, K 

Eun ( become 
E A B 

-

-



Accordi to Plamckls lauw, tw equohon -fer Ev is 

c 

NNOw, Compaare tta eau R() termy oy em 

Oontte bori. e 

mà B-1 
B2 c Bl 

8 b. Obtadn enRrgy eien valuu for a wathCle sn a 

Potenti al wal Q nfni te herght. 
V 

b. 

V V-0 

-aris 

Comsder a posticde ap mass "mre to mo 

one amen&ton oloro +Ye 7-dioeti on betseen 

=O t Xa. The poterttas enegy outstde Hais 

vegion cnfinite amd uoithin te negiom is 

The parstcle is n bownd stade. 
zro. 

Sulh a configrooh'om a4 potentioal n space 
is collad infinite potemtto wl. t I alio 

Called paide in a box. 



the schoodinger eauotion outside tte uoll is 

y+27m (E-V)V=o 
Tis is Schrodhraer'l thrn independont equation 

er a povtide. 

dx hF 
For ontside, tte equation hoAoo 
-0 & leo 
1had t postile wnnot be fowmd outslda te 

uOel & also at tto uwatls. 

he SbTo dinae' eqaHn instde, the uall ic 

ey+8CEy-o da 
This Eigen- Nalul 2auOtion 

Pouttl 3A E 2 K- In oe haue 

tte foN) 
The colutton o thit equ 

V= C.cos KX+ D in kx . 

C Dane comstonis deteTinad om 

boundooy Coodutiom as follouot: 
)=0 at a=0 

From equ () 



Case t x-0 at =0 

Equn (S) be cw»ne! . 

CCos()+ D:Sin (o) 

Case ( d2a 

O C. Cos (Ka) +D. Sin (Ka) 

Pron eu" , uwe have C=O 

at -0 

D.Sn (Ka) -0 -

D#O Becaunt tthe uoane oncept wamishes). 

Sinka) 20 
a = Si (o) 
Ka nT 

K 

gwre M=0,212 

tra tis eavuoto) E), oe hanne 

hDSinx D 
shh inis permited OaMe funonp 



C The umeNtamty m te easuoement ot ime cpent 
bIidlum - 199 nude m tt exuted &ate Amd 

to be 4 Rõ° sec. EsHimate the umcetainty în 

enengy in te exc ted ctote. 

Siuon data 
Dncertuuny in tte lfe tme în tthe excited ctote 

eesgy 

At l4x16cec 

To find: 
The umcentointy în the envy ap the nuclei n te 

exi ted state 

Soluhon: 
e hoM tte eaLation 

AG At 4-1T 

AE 7 
G.625 XLO s4 

4Tx l-4xtO 

= 3.17 xlöT 

3.77 xto ev 
l x 

E235 xiö eey 

The mhnimum untertainty he enêsy ap 

the muclef in tte excited ctate is 2.25oLO eV, 



a. Explaan Hoall epje*. Deriw am expin foc Hall 

Itoge. Haul ield amd Hall co-etliciort. 

Hall Efe 
Wmmagritic feld is apphed to Hh 

N Aon O e CwrreMT T a comduwtos, a poHentia 

eeme developt almg drrelti on oh 

CeA&ed amd nmugniic Ua. Thic epe i 
non a 

ol eLet. Te polential aN terene dweloped 

Knoon al all wo tag 

Hell No Hage and 
Hallcofiet 

Con Si d a retamguuT Comduutex 

roCerN cn uO xt=A in uhch cmMD 

Louo alona *-axit. Klhm a maynAre dd 

B s ap ped along z-axit. 
-Apei 

Hal u0 ltoge V4 duelopc 
alngY-ai 

batuw em tfhe 
termnoA 

&2. 



L E Le tta Mall efetteleiic ield and 
9 loe tHo daitt ue lo cdfy (of charro). 

hem mder eou li bdi um ctmtiont, 
os'ce on Chovorge) Ae to tlall eeet elea tie ft 

orce O ChoGO) duo fo maGnItHc 

field 

ad So EH - VH 

H= nB 

I 
naA A LO w. Lt I naAY 

naA 
ant A W * d. 

na,w 
ho d 

The quomtty L is ttho toeHi cAet o 
hag 

na 

RA T -
dunsty & caMed tte tall coei ient "RH. 

hrom eu K, we Hlt 
H- R4 LBd 

A 
R VH A 

RA2 Chase ARnLhy (an be detomoe a 

VH, Bd amd A ae all neaCwaoble. quorities. 
VH 



(So) 

g b-Detine Peorm Aoctor. Ex plan tthe 00oHom 
Fermi facto ott temperature. 

Feifactor: 
Fem fatos tL ttaPvolbalol ity a 

OCCLAp aHon pa wen ene94 tove fera matenal 

Deperdleme ap Fem dactor om temperature& 

etOn occupamuy bNoN_lees. 

The dependen af femi faGOs cn temp. 

amd tt eHeu- On occupamy a energy 1euelk ts a 

Shouom nfo 
L ws conSide the dNBremt Cale o 

drt i bati on as follows 

T20K 

TL4T 

O. E<EF EF E EF . 
Poroloability o Occpation for E 2EF at T=o°K. 

Dom Teo amd E4EF, we have for the 

polo al lrhy. 
CE 

e +1 

CE) for E<Ee 

4once, CE)=| means the enegy leuel s 

Certoany o ccuupied, amd ELEF appthee to au the 

endngy euels belouo EF 
. At T=o, aM the embogy leNels belouo he 

Fermi lenel ore CCapiRA. 



C Pro baloili ty o ocpahion for E>EF at T=o'K 
tAlhon T O°K m E>EF 

CE) = 
&E 

e+ 

CE) 0 for EYEF 

T=O°6, all tAR onay leanels albone Feomi 

lenet are wnoccupied. (E EF 
1) Probalility ocupo on at Ovdinaay temp0 70 

At 0rdnaoy temp, thouW The Valae q psobabilh_ 

oemaAns L for EALEF, t Stasts decreashoy Ason 1. 
aL tthe Valuu a E becornel clocuoe to Ep 

The value o fcE) becomes /2 at E=EF 

For EF 
Ce-EFT e 

Purthr, fer E>Er, tte þvoloaloility value 

falls to zero apidly. 
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3 C. Th intoinslc Carier concemtrati on at Eomamium 
TS 2.4xid"/m3 Calulate. its conduutivity, if the 
molblihy o the etechom & holet rnp. One O.39m/ys 

and o.19 m/v-s. 

Guem data: 

Dntinic Ccasier CitemrOJ7on 
G\amiume 

-i= 2.4x1o lms 

Flehon molily, Ae O.29 m- 

Hole moLility, h = 0. 19 mv S 

To find: 
Resis vihy ay 

the sample, -2 

Selutt onn: 
e haw tte relot) om for Comdutivihy 67 cu 

nfe(Me+ lh) 

ut, Res:sHiviny i 

ne (te+ Mn) 

4xio) 0-bxo9o.29 +019) 

RoLituihy oy gmnani u 'S O.4l9 m. 
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Claucint Mecsolti tquotin 

Dlpele ya0NAm poloaY0, " A 

Dfeona held EA 
Homce., ic tthe etenlovn. polasi zakLi ty 

tte atom e, use cam ite tte 0quatlon far 

AEqwN (O bec omes. 

dipole 
moonemt/unt 

0olune, 
Al Ke Er ) 

n qu (2), fts lept £ide Sane a polaol 2ation P. 

P e Er D 

Ce Er 

P 
NKe 

Bud,oR hanne He vekrl; n fea P ac, 

P E Cey-1)E 
ushose t it ee applie d fteld. 



4 
P 

ALo oe hae te 2quot on for tnfeonal eld ås, 

-

Crshtuing- for Et and E fronn euS) &) InesD. 

we hane, 
P + 

ECea-) Ke 

E Ce) NKe 

e 

Con &idesire tth tntema freld m te natema to 

e Loentz Aud, we hane = 

Subsh' tutng the Same în He alor u', weJti 

Et2 

By rorvroong te auLoye, o 

r-1) 
CE+2) 

haNe 

3 Eo 

3ood fr n ctal a high degree o; Semmety. 

Te The equn provids a vrlKon bttuo eom Ey the 

entric constomt snch a mtor &oplcally 

muajusaLle auant hy e be tte eleuhonic 

pelarazal1itiy sch is an atomic Pronerty 

uh 

e om scopC 



6Eplan amy two failue oL Clarcol free 

eleuron thuory amA dny tuoo noits a quomtu 

ree eleuson ttevsy.. 

Fan lume Claera Free eon thery 
. he Clacecod free eleon ttheDay preaiH tEatr 

tt r2Li chivh is dve tHy proporhona to SquMre 

YOOt of te ab£oue tenperature, Hocoenea, 

ex peaimmtal evidene houoc tfot the eciSfH'uM 

die ty proportional to tee abco uheLtep. 

According to clascical 0ony, tt free 
2 

elelron q aD hould Crtabte to to molar 

tpecfic haot at conStonxt wolume op retal 

Cy R 
Ex pamAnd houo s tat t¬Q cntrbhan 

p free elecom to tte Nolar pecic heat at 

meta iS muth maller 

Coy&foat 
9lumne a auy meta is mulh maller 

CCy t R). Also te wmtad bhhon free 
CCy= 
eleatron o ree eletrm fomd to be 

tenpemature dupendet wlhiCh ChsNDt 

pRdi cted ytte Clatt Calree elexrom teony. 
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Merits a uantum free elehron ttey: 
4, A ccrddna to daLthcal ttuDy, Kalhotlous 

Max oe's Bot2mamn CfasisHCaall tte f ,all tte free 
eleaoon n Gain entoay, Sot leads to 
muLth tru lawqer predced auantti0s than 

ft is actually obceowA. Bxtaccosddre to 
quarhum mechani a Ony orne pretent e fa 
free eettrons cvm albesb tta emeray. Lo the 
TeLwlhng cpei frc hat and paramogrehic Succeptabîli y abues aoe in udh betHes 
agreenmt tSth Exprmimtal aues. 

2 A ccoxding to qumndum ee eleukon tkkoau, 
be t pmtnAemtal amd teoreti cad vales 
LoUndz mumber Mein 4pDA o9eemont 
witH eath other. 

2- The concept a eletical eorauttvihy amd 

emal conduivihy ane explainea b 

tii teOry. 

The concepf o Photoeletno esfett, cop t 

etfect amd bialbpdy vadiatian are. 

ex pladnud by tis theby 



o CCallote "aon cemtrot on at usth donos odorO 

need to be addAd to a silcon Somi comAucter, Lo 

that ttresuutt în m-tye Somm conduH viy e 

2.2 rto Sm and the mobtTy o eletron berng 

25 om/v-S 
Stu data. 

CoBndui uî'u, O = 2.2m1ot Sm V]m 

Mobilihy o eleons, Me = t-25S xio *m C 

ConCentsah'on o1 danos impuwity, Ne -

Solution: 

The condutivity e s aem lby 

e Ne eUe 

Ne 
ene 
2.2 Io 

(loonx6") (1.2SxO) 

Ne2 1. xo m 

The concemooti on ol donos impuri ty ts 

e-lt*idmns, 

SubmitaA Ry 

CDr.Mahsh S.Pannw) 

bannu mohsh Kls vd+t. edu.fin 
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