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Please ensure that this examination paper contains ELEVEN printed pages before you
begin the examination.

[Sila pastikan bahawa kertas peperiksaan ini mengandungi SEBELIIS muka surar yang
bercetak sebelum anda memulakan peperilrsaan ini.J

Instruction: Answer FOUR (4) questions. Answer QUESTION 1 which is compulsory and
THREE (3) other questions. Student are allowed to answer all questions in Bahasa Malaysia or
in English.

[@: Janab EMPAT (4) soalan. Jawab SOALIIN I yang diwajibkan dan TIGA (3) soalan
Iain. Pelaiar dibenarkan menjawab semua soalan sama ada dalam Bahasa Malavsia atau Bahasa
Inggeris.J
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Define the following terms while giving an example for each:

fTalcriJkan terma-terma berikut dengan memberi contoh bagi setiapnya :J

Raman spectroscopy (with equation), Infra Red Spectroscopy (with equation),
stokes scaftering (with energy diagram), anti stokes scattering (with energy
diagram), Rayleigh Scattering (with energy diagram):

[Spektroskopi Raman (bersama persamaan), Spektroskopi Infra Merah (bersama
persamaan), Serakan Stokes (bersama rajah tenaga), Serakan anti-Stokes
(bersama rajah tenaga), Serakan Rayleigh (bersama rajah tenaga), momen
dwilanub (bersama persamaan), keterkutuban (bersama persamaan), petua
pemilihan.J

(3st200)

Based upon the chloroform CHCI3Infra red transmission properties given on table
(i) below, fill and complete the table (ii) below:

[Berdasarkan sifat-sifat transmisi infra-merah klorofom CHCIs yang diberi pada
jadual (i) di bawah, isikan dan lengkapkan jadual (ii) di bawahnya :J

(3s1200)

Table i
fJadual il

Fundamental Infra Red Frequencies of CHCIr
fFrekuensi asas infra-merah bagi CHCIsJ

(b)

Frequency
designation

[Gelaran frekuensi]

Frequency

IFrekuensi]
(cm't)

Representation

[Peruakilan]

Vr 3025 A1

Yc 668 A{
Vt 373 A1
Yt 1203 E

V5 773 E

Vr 261 E
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Table ii
fJadual ii|

Overtones and combinations for CF{Ch
fOvertone dan kombinasi bagi CHCi

(c) Based upon the table iii below , show and explain the interaction of :

[Berdasarkan kepadaiadual iii berikut, tunjukkan dan jelaskon interalcsi bagi : J

i) a degenerate mode E with itself.
batu mod E degenerat dengannya sendiriJ

ii) a breathing mode Al with itselfi
[satu mod bernafas AI dengannya sendiriJ

iii) a breathing mode with a degenerate mode
[satu nod bernafas dengan satu mod degeneratJ

(30/200)

Frequency

IFrekuensi]
(cm't)

Frequency Designation

[Gelaran Frekuensi]
Representation

IRepresentasil

2400 ?+vo A1+Az+E
1521 ?+vs A1+ 4r'15
1423 ?+v2 E
497 Vs-? A1+A2+E
230 Vs-? A1+42'13E
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Table iii
fJadual iiil

(d) (i) Derive the equation of selection rule for transitions between vibration
levels.

[Terbitkan persamaon petua pemilihan bagi transisi-transisi antara
paras-paras getaran.J

(s0/200)

(e) Explain the following cHCl3 Infrared acrivity of the tabre below:
fTerangkan aktiviti infra-merah cHCls di dalam jadual berikut :J

(s0/200)

...5/-

E 2Ce 3ov
A1 1 1 1

E 2 0

Representation

IRepresentasil

Infra Red Activity

[Aktiviti infra-m erah]
A1 Allowed
A2 Forbidden
E Allowed

AlxA1 Allowed
A1xA2 Forbidden
AlxE Allowed
A2xA2 Allowed
A2xE Allowed
ExE Allowed
Aln

Allowed

(n even)A2"
Allowed

(n oddlA2"
Forbidden

EN
Allowed

116



lzAE 3Bsl

-5-

2. (a) Diagonalize the following matrix M:
[Pepenjurukan matriks M berikut :J

(o z\tl
123 )

(32/r00)

(b) Prove that the two vectors orthogonal.
[Buktikan bahawa kedua-dua vektor adalah ortogonJ

(8/100)

(c) Fill the remaining terms on the cayley table below :

[Penuhkan baki terma-termo di dalam jaduar caytey berikut :J
(40/100)

(d) Express the following terms while giving an example:
[Nyatakan malxud terma-terma berikut sambil memberi satu contoh pada
setiapnya :J

reducible representation, irreducible representation.
[representasi terturunkan, representasi tak-tertarunkanJ

(20t100)

E Cg Cs' 0ua orD Orrc

E Cg
Cs Cs
Cs"

0r? Orrc

oub orc E Cg
O,rC ouc Cg

IL7
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(a) Derive Lagrange's equation (1 dimensional system) of a particle of mass m
moving in Earth's gravitational field.
[Terbitkan persamaan Lagrange (sistem I dimensi) bagi satu zarah berjisim m
yang bergerak di dalam medan graviti Bumi.J

(10/100)

Figure 1 shows three equal masses connected by two identical springs and
constrained to vibrate along the x-axis derive :

[Rajah I menunjukkan tiga jisim sama yang bersambung dengan dua spring
serba-sama dan terbendung untuk bergetar pada paksi-x. Terbitknn :J

(b)

,.F

The potential energy

fTenaga keupayaanJ

The kinetic energy

[Tenaga kinetikJ

*t , -F

ii)

Figure 1
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iii) Solve the Lagrange equation of this system

[Selesaikan persamaan Lagrange bagi sistem iniJ

iv) Calculate the oscillating modes of vibrations
[Hitungkan mod-mod o silas i getar anJ

v) One of these modes will have a frequency equal to zero: what does this
mode represent (explain in few words)?

[Salah satu dari mod-mod ini mempunyai frekuensi sama dengan sifar :
Apakahyang diwakili oleh mod ini (terangkan dengan ringkas)?J

(6sl100)

(c) V: aVr*bV2*cV3 , where YuYz and V3 are the eigenvectors of the Symmetric
matrix M having an associated non-degenerate eigenvalues of ,t, )" and ).r.

[V: aVftbV2*cVj , di mana Vr Vz and Vj adalah vehor-vektor eigen bagi satu
matriks bersimetri M yang memiliki nilai eigen tak-degenerat yang berknitan,
iaitu )"p 22and ),jJ

Ifa projection operator is defined such as:

[Jikn satu operator pengunjur ditalcri/kan sebagai :J

P1V=aV1, PzV=bVz, P3V=cV3

Prove that:

[Buktikan bahawa :J

p1 = [(M-],2rxM-rrDI / 111.,-1,r111.,-1,u1
(2str00)
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Figure 2 shows a tri-atomic planar equilateral molecule having an equal stiffness
constants between every 2 atoms. The normalized amplitude of the oscillating
modes are listed on the table below :

[Rajah 2 menunjukkan satu molekul sama-sisi tri-atom menyatah yang memiliki
nilai kakuan malar di antara setiap dua atom. Amplitud ternormal bagi mod-mod
osilasi disenaraikan di dalamjadual berikut :l

Figure number 2

?,,
a1 a2 a3 a4 a5 a6

3 0 1/{3 -112 -1(2{3} 1t2 -1t?$l

3t2
1tl3

0

0

1/{3

-1(2{3)

1t2

-1t2

-1(2{3)

-1t(2431

-1t2

1t2

-1(2{3)

0
1/{3

0

1/{3

0

1/{3

0

1/{3

0

-1t/,$l

0

t/{3

1t2

1/{3

0

-1l(2{3}

0

1/{3

-1t2

12i.1
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D specify the degeneracy degree ofevery eigenvalue.
ftentukan darjah kedegeneratan bagi setiap nilai eigen.J

(1sl100)

ii) Draw the oscillating modes based upon their normalized amplitudes.
[Lukiskan mod-mod osilasi berdasarkan amplitud-amplitud ternormal
mereka.J

(60/100)

A degenerate matrix having three eigenvalues ?u,?uz,l,:With ?uz=Lt. Prove that
the projection matrix associated with the degenerate eigenvalues has the following
form:

[Satu matriks degenerat mempunyai tiga nilai eigen 2t Az, ),jdengan lrhs.
Buhikan bahawa matriks unjuran berkaitan dengan nilai eigen degenerat
tersebut memiliki bentuk: J

P22= (M-1. Jll Q\2-?,,t1.
(2str00)

Figure 3 shows aHzO molecule that has many oscillation modes; these modes include
rotational, vibration and translational. The vibration mode is divided into stretching and
deflection.

[Raiah 3 menunjukkan satu molekul H2O yang memiliki banyak mod osilasi; Mod-mod
ini termasuk putaran, getaran dan translasi. Mod getaran terbahagi kepada regqngan
dan pesongan.J

b)

5.

IzL
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Hint : you may use the following formula to complete filling the table:
t?gtua : anda mungkin boleh menggunaknn rumus berikut untuk
mel engknpkan j adual t er s e but. J

ni: (1/h)fg.1;261

where:

IdimanaJ

Ilil the number of times the irreducible representation i occurs in the
reducible representation.

[bilongan kali representasi i tak-terturunkan berlaku di dalam
r epr e s e nt as i t er turunknnJ

h: order of the group or total number of symmetry operations.
[tertib kumpulan atau jumlah bilangan operasi simetriJ

gcl number of symmetry operation in symmetry class.

[bilangan operasi simetri di dalam kelas simetriJ

Xi:. character of the irreducible representation.
[c iri repre s entas i taki erturunkan.J

Xri character of the reducible representation.

[cir i r epr e s entas i terturunkan. J

iii) Explain in few words the Bz mode (row number 4) in the following table as well
as the last 2 columns which column is raman active and which is infra red active.
[Terangkan dengan ringkas mod 82 (baris nombor 4) di dalam jadual berikut
bersama dengan 2 lajur terakhir, yang mona satu aktif romon dan yang mana
aktif infra-merah.J

(30/1oo)
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iv) Deduce the ftranslation, frotation and fdeflection .

[Dedulrsikan .Ttranslasi , .Tputaran and fpesonganJ

Hint : ftotall3N; : ftranslation + frotation + fvibration.

[Petua : fiumlah(3N) : ftranslasi + fputaran + lgetaranJ

- oooOooo -

Czn E Cz ou(xz) ou0z)

A1 1 1 1 1 z x'y' zz

A2 1 1 -1 -1 Rz xy

B1 1 -1 1 -1 x, Ry xz

82 1 -1 -1 1 Y,FI' yz

1 i,'1


