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Sila pastikan baluwa kertas p€psriksaan ini mengandugi ENAM mt*a surat yang

bercctak s€belurn anda meinulakan papcriksaan ini.

Jawab LIMA soalan salnja DUA daripada Bahsgian A dan TIGA daripada Bahagisn
B. Kcsemuanya wajib dijawab di dalam Balusa Ivlalaysia koouali Bahagian A.

BAI{AGIANA

1. Spektrunr molckul dwiatorn disebabkrn olch tiga jenir paralihan yang jelae iaiat:
eloktronik, getaran dan putaran. Tuliskrn satu paragraf pcttdck bagi sctiarp jonis
peralihan dan nyatakan di kawasan nnna di dahfir rpckfium eloltromagnet
garisan-g!trisan peralihan tcrs€but biasenya Maku. (30/r00)

Irkarkan sa$ b€,nhrk graf tenage keupayaan V(r) mclawan jarak antara atom r di
dslam suatu molekul dwiatom dan trmjuklen jarak antara aJom di dalam keadaan
keseimbangan ro di dalam lakarsr anda. (10/100)

Toranglan dengan menggunakan lskamn anda kenapa pcralihan-peralihan gctaran
boleh diperihalkan pengayun harmonik mudah- Dcngan anggapan

batrawa jisim yang digprukan ialalr jisim tcr*urang p = m1fir2/(fii1 + mr)dcngrn mr
dan mz ialatr jisim:iisim individu, dapatkan satu formula mn* frekuensi
pffigayun klasi*, ro di dalam sebutan p dan penrbezaan kedua &Vnf .

(20/100)

Tuliskan formula uotuk paras?aras tona& lcuanam E"yag bereangkutan.
(10/100)

Bandingtan molekul-molokul H2, HD dan D2 di maoa D ialah dcutprium.
Derrgru anggapan balrawa nb =2tns , kira nisbah-nisbah FG{Dy}r{Hr) dan

F{Dry1r{Hr). Dengan rngppdr bahawa V(r) sama bagi sctiap kes, nyatakan
dcmgan tcpat bagaimana skfum paras tenaga gctaran dat peralihan-pcralilutt
spcldnxn yang bcrsangh$an itu dihubttngf,an. (201100)
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D€ngan anggnpan balrawa monrcn inersia ialah 4r]. kfua nisbatFniEbah antara
scbutrn-s€butan sotara di datam skimr tmag! pr,ltar& bqg H2, fD dan D2.

(10/lm)

Titik-titik tilantunr, yang menrpaftan sebagEi bintik-bintik kecil dihasilkan melalui
proses litografl sekarang ini mcnjadi bidang yang diminati di dalnn fizik
e€mikonduldor. Modclkan satu ftk hnntum scbagni satu kotak rcgicmpat
d€mgan panjang agada arah-arah x dany dan panjang b pada arah z Nilai a dan
b biaoanya pefidsk sedikit mtraja daripada jarak-jarak antara atorr. Anggpplcan
balrawa kcupayaan irlah sifar di dallm kotak dan tak t€dringga diluar kotak.

Bincangtan dsngan tcrperinci spektnoekopi elckmn-tunggal satu titik lflrantrn
GaAs jads-n. Aturkan prbincangar anda mengikut stnrldur bcrikut:

(a) Tuliskan skima paras t€,n ga di dalanr sohrtan nombor-nombor kuannrm
nr, nz dan n3 yang dihubungkan dcngan x, y dan z. Buat sahr anggAran
t€naga pada keadaan dasar di dilfln unit eV begi nilii a = b : l0 nm.
Berapalcatr nilai 4 d€lrgrn r = b, bagi scrapm ternagar tersndah daripada
keadaan dasar yarg dikaitlsn dsngm calraya nanrpak dsngan pqiang
gclunbang 500 rmr? (35/100)

O) Jikalau titik kualrtum tersebut dibuat di atas euatlr substat (kebirsaannya)
rtaka arah ymg t€rmrdatr untuk sinaran menuju padanya idah mcngikut
arah z. Dapatkan peralihan-pe,ralihan yang dibenar*an da.ipada keadaan
dasar dan dapatkan juga pstua-potua pffiilihm pengutuban (iika ada).

(15/100)

Buktikan bahawa elelrren matiks dwikuhrb bagi geris serapan tercndah
daripada keadaan dasar ialah l6a/N. QSllO0)

(c) Apakah maklumat trmbshm yang boleh dipcrolchi daripada opcktnrm
yurg didapati daripada sinaran ymg datang d&ipada arah-arah lain? Bagi
ginran ymg datang, katakan mcngikut arah x, dapatkan pcralihan-
p€ralihsn yang dibenarkan dan dapatkan juga petua-pehu pcrnilitran.

(2s/rw)

fFungsi-fungsi cige,n ternormal di dalam suatu kotak lxl < d/2 ialah:

V.(x) = (zldfn cos(nmfd)
V,G) = 12ld\'o sin(nnxld)

Elcmcn matriks d\ilikutub ialah jryyrs.r t4r2

p€ngunrban.

n = lr3r5r...
n= 21416,..,

dr A mana rrcktor unit s ialatr arah

gos(O) sin(0) = [sin(m+l)O + sin(m-\Ay2
lz s&uz dz = (wluzlo2 - (z aosazlu

Iisim b€fitesan cleltron di dalam GaAs ialah m* : 0.067 m..l
....3
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3. Terangkan seeara ringfas idoa t€rilang medan swa-kouist€m yang digtutakfft
unh* mengira skima ,ras t€naga bagi satu atom baryak-clektron. (10/100)

Konfigurasi eleltrorik bsgi kcadaEn dagar atodl C iahh XNlZf. Tcrangtan
sccars terpcrinci rrsksud ayat tcmcbut (10/100)

Kenrpakah speeifikasi konfigurasi adalah tidak lengtsp urtuk {iadikan scbapi
sa$ tskrifan keadaan elektrorik? (10/100)

fumtah momcnfirm sudrs L ialrh hasiltanbah Lr dan Ia : L = Lr + Ia.
Nyatakm huhryr-huhrm yang mcnentrkan nilai{rilsi jumbh nombor hnnilm L
dan nombor azimuth M yang Uersangh$an yang boleh dipcrolchi menggturakan
sebutan Ll dan 14. Bnktikan bahawa jnnrlah bilangatr k€ada8n di dalam
kctcrmgan (I"M) sama scpcrti kctcrangan 0,r.t4). (30/100)

Jclaskan bagimana hdrurFhukum bagi tambahan momeotrun sudr$ diguntkan
rmtuk mcr$anakan s€butan-sebutan yang bolch Maku b4gi satu kutfigurasi
clekfronikyang dib€rikrn. (10/100)

Dapatkan semua s€but n bryi suatu konfgurasi otdr. Gtmrkan h*um-hukum
Hund rmnrk me,nenurkan nilai S dm L bagi sebutan-sebutan toltagp tarendatr yang
bolch b€diku. Apakah int€raksi fizikal yang mcnonnrkan nilai J yang
b€rsangkutan dertgao tcnaga tcr€ndEh? (30/100)

BAHAGIAN B

4.(a) Tcraqgk n hubungan antaf,a interferognm tsrhfuigr dari sumber monokromatik
dcngan epcktnrn yarg diperolehi. Jelaskan cara untuk memperbaiki spcktnrm
terl€but. (30/100)

O) Jelaskan hubrmgan selang pcreampclan dengln ferromcna konvolttsi spcktrun.
(40/100)

(c) Bincangtan maklumat-maklurnat yang boleh diperolehi daripada spcktrum infra
mcratr jauh suatu bahan scmikonduktor duipada hrnrprilan Itr-V scpcrti GaAs.

(30/100)

5.(a) t{ Lakarkan frngpi dwielektrik (e) GaAr di porsekitaran jalur rertrtrahle,lr.

Termg*an la&aran t€rs€but dan hbctkan fonon TO, LO, nilai-nil8i
6* dan Go.

tiil Teranglcan faktor kelembapan keatas lakaran (i) di aas dan kesan suhu
t€rtadry kelembapan. (50/f00)

....4
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O) Bincqgtankan komponcn Stokes dan anti-Stokes m€nggruukan p€rsamaan
dwikut$ clekrrik t€raruh di dalarn penyerakan Raman. Terangkan mrk$d
wr$rpanfonon TO anti-Stolces iatah pada 6l x IOa cm. (30/100)

(c) Lukiskm tatarajatr pcnyerakan Raman 90o dan 180'. Terangkan kcduadua
kegmaannya dan rcbab-e€bab mcNlgapa sahh satu Uarbaaanya digun"kan unfirk
mcmpelajari sampcl s€mikonduktor AlGaAs menggwrakan laser ion Ar*.

(20/100)

6.(a) Terangf<an bagaimana pcrfanaan hannonik bolch b€daku. (20i100)

O) Bincmgftan bagimana eel Pockels bcropcrasi di ddffii lss€r t€rsufu-Q dan
kcgwuan las€r t€ncbut (50/100)

(o) Jclaskan pftrsip

t{ pcnceraian 2-foton
tii] las€rHe-Ne asas

(30i100)
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TERJEMAHAN

BAHAGIAN A

l. The spectrum of a diatomic molecule is due to three distinct kinds of
transition: elechonic, vibrational and rotational. Write a short paragraph on each $pe
of transition and state in which part of the electromagnetic spectrum the

corrcsponding lines typically occur. (30/ 100 )

Sketch the form of the graph of potential energy V(r) versus interatomic
separation r in a diatomic molecule and identiff the equilibrium separation distance rs.

(10r I oo )

Use your graph to explain why vibrational tansitions ane dcscribed by the

simple hamronic oscillator. Assuming that the mass that appears is the reduced mass

p: m1m2(inr + mz) where m1 and rr2 rr€ the individual masses, find the expression

for the classical oscillator frequency or in terms of p and the second derivative
a2vlar2. ( 20l1oo )

Write down the expression for the corresponding quantunr energy levels En.

( l0/1oo)

Compare the H2 , HD and D2 molecules, where D is deutcrium. Assuming that

mp:2rn11, find the ratios p(HD)/p(HJ and p(D2/p(H). Assuming that V(r) is the

same in each case, state precisely how the vibrational energy-level schemes and

corresponding spectral transitions are related. 12s /too)

Assuming that the moment of inertia is 2pre2, find the ratios between

equivatent terms in the rotational-energy schemes of H2 , HD and D2 .

119/ 100 )

2. Quantum dots, which are very small islands produced by lithographic

proccssing, are of current interest in Semiconductor physics. Model a quantum dot as

a rectangular box with side lengths a in the x and y directions and b in the z direction'

Typicafi a and b arc not much larger than intcratomic distances. Assume that the

potential is zero iruide the box and infinite outside it-

Discuss in detail thc single-electron sp€ctroscopy of an n-tlrpc GaAs quantum

dot. Structue your discussion as follows:

(a) Writc down the energy-level scheme in tcrnrs of quanhrm numbers Dl, ll2

and n3 
"ott"tpooAiog 

to x, y *d 
". 

Estimate the gfound-state energy in cV for a = b:
l0 nm. For what 

""1n" 
of a" with a: b does the lowest-energy absorption from the

ground state correspond to the visible wavelength 500 nm? ( 35 / 1 0 0 )
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(b) If the dot is prepared on a substrate (as it always is) then the easiest

direction for incident radiation is along z. Find thc allowed transitions from the

ground s{ate and the polarization selection rules (if any). I 15/I0o)
Prove that the dipole matix element for the lowest absorption line from the

ground state is l6a/9n2. ( 25l1oo)

(c) What additional inforrnation can be obtained frrom spectra with other

directions of incidence? For g.azing incidence, along x say, find the allowed
transitions and selection rules.

I The normalised eigenfunctions in a box l* l. an .te

V, (x) = Q./d)tn cos (rrx/d)

Vn (x) : Q.ld)tn sin (nrx/d)

125/100)

n= 1,3J,...

n=2r4$,-..

The dipole matrix element is J rf r* E.r Vz d'r where the unit vector e is thc
polarization direction.

cos (0) sin (m0) = [ sin (m+l)0 + sin (m-l)0]12

I z sinoz 62 - (sina,z) la2- (zcosaz/cr

Electron effective mass in GaAs is mi = 0.067nr.. I

3- Explain briefly the idea of the self-consistent field that is used in calculating
the energy level scheme of a many-electron atom. 1 1q/roo)

The electronic configuration of the ground state of the c atom is K2sr2p2.
Explain in detail what this mqrns. 1 1g7io0)

Why is a specification of the configuration insuffrcient as a definition of the
electronic state? 1 1sl1oo)

The total angular momentum L is the sum of L1 and L2: L = Lr + Lz. State
the rules governing possiblc valucs of the tolal qrrentum number L and the
corresponding azimuthal numbcr M in terms of Ls and L2. Verifo that the total
nurnber of states in the (L,M) description is tlrc same as in the (Lr,LJ description.

( 30/100)

Explain hor*'the rules for addition of angular momentum are used to generatc
the possible terms for a given electronic configuration. ( I 0/100 )

Find all the terms for an sldl configuration. Apply Hund's mles to determine
the S and L values of possiblc lowestrnergy terms. What physical interaction
governs the value of J coresponding to the lowest energy? ( 30/100)
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