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Data

Speed of light in free space, c = 3.00  108 m s-1

Permeability of free space, 0 = 4  10-7 H m-1

Permittivity of free space, 0 = 8.85  10-12 F m-1

Elementary charge, e = 1.60  10-19 C

Planck constant, h = 6.63  10-34 J s

Rydberg constant, RH = 1.097(107 m-1
Unified atomic mass constant, u = 1.66  10-27 kg

Rest mass of electron, me = 9.11  10-31 kg

Rest mass of proton, mp = 1.67  10-27 kg

Molar gas constant, R = 8.31 J K-1 mol-1

Avogadro constant, NA = 6.02  1023 mol-1

Gravitational constant, G = 6.67  10-11 N m2 kg-2

Acceleration of free fall, g = 9.81 m s-2

Section A: Objectives. (40 marks)

[Bahagian A: Soalan-soalan objektif.(40 markah)]

Instruction: Answer all 20 objective questions in this Section. 

[Arahan: Jawab kesemua 20 soalan objektif dalam Bahagian ini.]

1. As the velocity of your spaceship increases, you would observe
[Apabila halaju kapal angkasa anda bertambah, kamu akan memerhatikan]

A.
that the length of your spaceship has decreased.

[bahawa panjang kapal angkasa anda telah berkurang.]


B.
that your watch runs slower than normal.

[bahawa jam tangan anda lebih lambat daripada normal.]


C.
that your mass has increased.

[bahawa jisim anda telah bertambah.]


D.
all of the given answers.

[kesemua jawapan yang diberi.]


E.
none of the above observations could be made.



[tiada pemerhatian di atas boleh dibuat.]

2. A body at rest spontaneously breaks up into two parts which move in opposite directions. The parts have rest masses of 3 kg and 5.33 kg and respective speeds of 0.8c and 0.6c. Find the rest mass of the original body. 

[Satu jasad pada keadaan rehat secara spontan memecah kepada dua bahagian yang bergerak dalam arah bertentangan. Bahagian-bahagian ini mempunyai jisim rehat 3 kg dan 5.33 kg dan masing-masing dengan kelajuan 0.8c dan 0.6c. Cari jisim rehat bagi jasad asal itu.
A. 
8.33 kg

B. 
10.33 kg


C. 
11.66 kg

D. 
15.99 kg

E. 
13.93 kg

3. A friend of yours travels pass by you with her powerful vehicle at a speed of 0.50c. You found that the length and the height of the vehicle is 5.80 m and 1.20 m, respectively. What will be the vehicle’s length (L) and height (H) at rest? 

[Kawan anda bergerak melepasi kamu dengan kenderaan berkuasanya pada kelajuan 0.50c Anda dapati bahawa panjang dan ketinggian kenderaan itu adalah 5.80 m dan 1.20 m, masing-masing. Apakah panjang (L) dan ketinggian (H) kenderaan itu pada keadaan rehat?]

A. 
L = 5.02 m; H = 1.20 m

B. 
L = 5.02 m; H = 1.04 m


C. 
L = 5.80 m; H = 1.20 m

D. 
L = 6.70 m; H = 1.20 m


E. 
L = 6.70 m; H = 1.39 m
4. As the temperature of a blackbody becomes higher, which of the following statements is (are) true?
[Apabila suhu bagi suatu jasad hitam menjadi tinggi, manakah daripada kenyataan(-kenyataan) berikut adalah benar?]

I. The intensity of the blackbody spectrum increases.


[Keamatan spektrum jasad hitam bertambah.]

II. The peak wavelength max shifted to longer wavelengths.


[Puncak jarak gelombang max beralih ke jarak gelombang yang lebih panjang.]

III. The total power radiated increases.


[Jumlah kuasa pancaran bertambah.]

IV. The colour of the blackbody becomes darker.


[Warna jasad hitam menjadi lebih gelap.]

A. 
I, II, III
, IV

B. 
II, IV



C. 
I, III


D. 
I, III, IV

E. 
None of A, B, C, D.





[Bukan A, B, C, D.]
5. Which of the following phenomena most clearly demonstrates the wave nature of electron?
[Manakah daripada  fenomena berikut paling jelas menunjukkan sifat gelombang bagi elektron?]

I.
Blackbody radiation.

[Sinar jasad hitam.]

II.

The photoelectric effect.


[Kesan fotoelektrik.]

III.
The Compton effect.

[Kesan Compton.]

IV.
Diffraction of electrons by crystals.
[Serakan elektron oleh kristal.]
A. 
I, IV
  

B. 
II, III


C. 
I, II, III


D. 
II, III, IV.

E. 
IV.

6. Determine the maximum scattering angle in a Compton experiment for which the scattered photon can produce a positron-electron pair.
[Tentukan sudut serakan maksimum dalam suatu eksperimen Compton yang foton serakan boleh menghasilkan sepasang elektron-positron.]

A. 0(
B. 45(
C. 60(
D. 90(

E. 180(
7. At what speed of an electron, its de Broglie wavelength is equal to the Compton wavelength, (C = h/(mec)? Here me is the rest mass of the electron. Hint: Must use the relativistic formula for the momentum.
[Pada kelajuan apakah bagi suatu elektron, panjang gelombang de Broglie-nya adalah bersamaan dengan gelombang Compton, (C = h/(mec)? Di sini me adalah jisim rehat bagi elektron. Petunjuk: Mesti gunakan formula kerelatifan bagi momentum.]

A. 0.2c
B. 0.5c
C. 0.7c
D. 0.8c

E. 1.00c
8. The position along the x axis of an electron is known to be between (0.62 nm and +0.62 nm.  How would the uncertainty in the momentum of the electron change if the electron were allowed to be between (0.31 nm and + 0.31 nm?

[Kedudukan disepanjang paksi x bagi suatu elektron diketahui berada di antara (0.62 nm dan +0.62 nm. Bagaimanakah ketidakpastian dalam momentum bagi elektron itu berubah jika elektron itu dibenarkan berada di antara (0.31 nm dan + 0.31 nm?]

A.
The uncertainty in the momentum would be twice its previous value.

[Ketidakpastian dalam momentum akan menjadi dua kali ganda nilai asalnya.]

B.
The uncertainty in the momentum would be half of its previous value.


[Ketidakpastian dalam momentum akan menjadi separuh daripada nilai asalnya.]

C.
The uncertainty in the momentum would not be affected by this change.

[Ketidakpastian dalam momentum tidak akan dipengaruhi oleh perubahan ini.]

D.
The uncertainty in the momentum would be four times its previous value. 

[Ketidakpastian dalam momentum akan menjadi empat kali ganda nilai asalnya.]

E. 
The uncertainty in the momentum would be one fourth its previous value.
  
[Ketidakpastian dalam momentum akan menjadi satu per empat nilai asalnya.]

9. Which of the following statement(s) is(are) the basic assumptions of the Bohr model of hydrogen? 

[Manakah kenyataan(-kenyataan) berikut adalah andaian asas bagi model Bohr?]

I. Only certain electron orbits are stable and allowed.
[Hanya orbit elektron tertentu adalah stabil dan dibenarkan.]

II. The electron moves in circular orbits about the proton under the influence of the Coulomb force.

[Elektron bergerak dalam orbit bulat mengelilingi proton di bawah pengaruh daya Coulomb.]

III. The charge on the electron is quantized.

[Cas elektron adalah terkuantum.]

IV. Radiation is emitted by the atom when the electron moves from a higher energy state to a lower energy state.
[Sinaran dipancarkan oleh atom apabila elektron bergerak dari keadaan tenaga yang lebih tinggi kepada keadaan tenaga yang lebih rendah.]

A. 
I, III  




B. 
I, IV
C. 
I, II, III




D. 
I, II, IV


E. 
II, III, IV.
10. One wavelength in the infrared part of the hydrogen emission spectrum has wavelength 1.28 (m. What are the initial (ni) and final states (nf) of the transition that results in this wavelength being emitted?
[Satu gelombang di bahagian inframerah bagi spektrum pemancaran hidrogen mempunyai jarak gelombang 1.28 (m. Apakah paras keadaan awal (ni) dan keadaan akhir (nf) bagi peralihan itu yang mengakibatkan jarak gelombang ini dipancarkan?]

A.
ni = 4, nf = 2.



B. 
ni = 6, nf = 4.
C. 
ni = 2, nf = 1.



D.
ni = 5, nf = 3.
E.
ni = (, nf = 2. 

11. The relativistic relation of 
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I. 
Space-time invariance
[Tak-varians ruang-masa]


II. 
Constancy of speed of light [kemalaran halaju cayaya]

III.
Invariance of conservation of linear momentum [Tak-varians pengabadian momentum linear]

IV.
Conservation of kinetic energy [Pengabadian tenaga kinetik]
A.
I, II, IV



B.
I, II, III, IV
C.
I, II, III 



D.
II, III, IV
E.
None of the above

12. Which statement(s) about the space-time invariance 
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[Kenyataan berikut yang berkenaan dengan tak-varian ruang-masa adalah benar?]

I. Its value is reference frame-dependent [Nilainya adalah tergantung kepada rangka rujukan]
II. Length contraction and time dilation can be derived from it [Kecutan panjang dan pengembangan masa boleh diterbitkan daripadanya]
III.
If
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, two events are causally related [Jika 
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, dua peristiwa adalah dikaitkan secara sebab-menyebab.]
IV.
If
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, two events are not causally related [Jika 
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, dua peristiwa adalah tidak dikaitkan secara sebab-menyebab.]
A.
I, II, IV



B.
I, II, III, IV
C.
I, II, III 



D.
II, III, IV
E.
None of the above

13. Which statement(s) about the space-time invariance 
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is (are) correct? [Kenyataan berikut yang manakan adalah benar?]

I. If Planck constant were smaller than it is, quantum phenomena would be more conspicuous than they are now because quantum effect is proportional to
[image: image9.wmf]h

. 
[Jika pemalar Planck menjadi lebih kecil daripada nilainya sekarang, fenomena kuantum akan menjadi lebih menonjol berbanding dengan sekarang, sebab kesan kuantum adalah berkadaran dengan 
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]

II. If Planck constant were smaller than it is, quantum phenomena would be less conspicuous than they are now because quantum effect is proportional to
[image: image11.wmf]h

.
[Jika pemalar Planck menjadi lebih kecil daripada nilainya sekarang, fenomena kuantum akan menjadi kurang menonjol berbanding dengan sekarang, sebab kesan kuantum adalah berkadaran dengan 
[image: image12.wmf]h

]

III. If Planck constant were smaller than it is, quantum phenomena would be more conspicuous than they are now because quantum effect is proportional to 1/
[image: image13.wmf]h

. 

[Jika pemalar Planck menjadi lebih kecil daripada nilainya sekarang, fenomena kuantum akan menjadi lebih menonjol berbanding dengan sekarang, sebab kesan kuantum adalah berkadaran dengan 1/
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]

IV
If Planck constant were smaller than it is, quantum phenomena would be less conspicuous than they are now because quantum effect is proportional to 1/
[image: image15.wmf]h

.  [Jika pemalar Planck menjadi lebih kecil daripada nilainya sekarang, fenomena kuantum akan menjadi kurang menonjol berbanding dengan sekarang, sebab kesan kuantum adalah berkadaran dengan 1/
[image: image16.wmf]h
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A.
I, III




B.
II, IV
C.
II only




D.
I only
E.
None of the above
14. A photon cannot transfer all of its energy to a free electron because
[Foton tidak boleh memindahkan kesemua tenaganya kepad elektron bebas kerana]
I. Momentum conservation is not consistent with special theory of relativity.
[Keabadian momentum tidak konsisten dengan prinsip teori kerelatifan khas]

II. A photon’s momentum can never be zero.
[momentum foton tidak mungkin menjadi sifar.]
III. A free electron cannot absorb a photon.
[Electron bebas tidak boleh menyerap foton.]

IV. Photons can never interact with a free electron.

[Foton tidak boleh berinteraksi dengan electron bebas.]
A.
I, IV




B.
II, III
C.
I, II, III, IV



D.
II, IV 
E.
None of the above

15. Consider a two-slit interference experiment in which the light source is so dim that only one photon is fired and detected on the screen before the next photon is fired. Which statement(s) (are) correct?
[Pertimbangkan satu eksperimen inteferens dwi-celah di mana punca cahaya adalah amat malap sehinggakan hanya satu foton dilancarkan dan dikesani di atas layar sebelum foton yang seterusnya dilancarkan. Kenyataan berikut yang manakah adalah benar?]
I. The screen will not show an interference pattern because photo behaves like particle in this experiment.
[Layar tidak akan memaparkan corak inteferens kerana foton berlagak sebagai zarah dalam experiment ini.]

II. The screen will show an interference pattern.
[Layar akan memaparkan corak inteferens.]
III. The screen will not show an interference pattern because photo do not behaves like particle in this experiment.
[Layar tidak akan memaparkan corak inteferens kerana foton tidak berlagak sebagai zarah dalam experiment ini.]

IV. The screen will show an interference pattern because photon behaves like particle in this experiment.
[Layar akan memaparkan corak inteferens kerana foton berlagak sebagai zarah dalam experiment ini.]
A.
I, III




B.
II, IV
C.
II only




D.
I only
E.
None of the above
16. Consider a particle trapped in an infinitely deep 1D quantum well. Which statement(s) (are) correct?
[Pertimbangkan satu zarah terperangkap di dalam telaga kuantum 1 dimensi yang tak terhingga kedalamannya. Kenyataan berikut yang manakah adalah benar?]
I. The ground state is the lowest energy state.
[Keadaan dasar adalah keadaan dengan tenaga yang paling rendah.]

II. The energy for the lowest energy state is negative. 
[Tenaga keadaan yang paling rendah adalah negatif.]
III. The energy of the states of the system must be all positive.

[Tenaga bagi keadaan-keadaa sistem mestilah bernilai positif]
IV. It is possible that the system be in a negative energy state.
[Adalah mungkin bagi sistem berada dalam keadaan bertenaga negatif.]

A.
I, II, IV



B.
II, IV
C.
I, II




D.
I, III 
E.
None of the above
17. Consider a hydrogen atom in the Bohr model. Which statement(s) (are) correct?
[Pertimbangkan atom hidrogen dalam model Bohr. Kenyataan berikut yang manakah adalah benar?]
I. The ground state is the lowest energy state.
[Keadaan dasar adalah keadaan dengan tenaga yang paling rendah.]

II. The energy for the lowest energy state is negative. 
[Tenaga keadaan yang paling rendah adalah negatif.]
III. The energy of the states of the system must be all negative.

[Tenaga bagi keadaan-keadaa sistem mestilah bernilai negatif]
IV. It is possible that the system be in a positive energy state.
[Adalah mungkin bagi sistem berada dalam keadaan bertenaga positif.]
A.
I, II, IV



B.
II, IV
C.
I, II




D.
I, III 
E.
None of the above
18. The fine structure constant is defined as  = e2/2ohc is one of the 6 fundamental natural constants of the universe. In 1999, John K. Webb of the University of New South Wales claimed to have detected that  is slightly larger in the last 10–12 billion years. Which statement(s) (are) correct is this were indeed the case?
[Pemalar struktur halus ditakrifkan sebagai  = e2/2ohc adalah salah satu daripada 6 pemalar semulajadi asas alam semesta. Pada tahun 1999, John K. Webb daripada University of New South Wales mendakwa bahawa nilai  pada 10-12 bilion tahun yang lalu adalah sedikit lebih besar daripada nilainya sekerang. Kenyataan (-kenyataan) yang manakah adalah betul jika dakwaan Webb adalah betul.?]
I. The energy gap between two adjacent energy levels in a Bohr hydrogen atom would be larger.
[Sela tenaga di antara dua aras  tenaga berjiranan dalam atom hidrogen Bohr menjadi lebih besar.]

II. The energy gap between two adjacent energy levels in a Bohr hydrogen atom would be smaller.
[Sela tenaga di antara dua aras  tenaga berjiranan dalam atom hidrogen Bohr menjadi lebih kecil.]

III. It has no effect on the energy levels of a Bohr hydrogen atom.

[Ia tiada ada apa-apa kesan ke atas aras-aras tenaga atom hidrgen atom.]
IV. The emission spectrum of the hydrogen atom would become slightly different.
[Spektrum pancaran atom hidrogen akan menjadi sedikit berbeza.]

A.
I, IV




B.
II, IV
C.
II, III




D.
I, III 
E.
None of the above
19. Which of the following transition in a Bohr hydrogen atom give off photon with longest wavelength?

[Peralihan yang manakah mengeluarkan foton berjarak gelombang paling panjang dalam atom hidrogen Bohr?]

A.

[image: image17.wmf]12

if

nn

=®=




B.

[image: image18.wmf]21

if

nn

=®=


C.

[image: image19.wmf]0

if

nn

=®=¥




D.

[image: image20.wmf]0

if

nn

=¥®=


E.

[image: image21.wmf]ff

nn

=¥®=-¥


20. What is the ratio of
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 menandakan tenaga hidrogen pada tahap tenaga 
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B.
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D.
-1 
E.
None of the above
Section B: Structural questions. (60 marks)

[Bahagian B:  Soalan-soalan struktur.(60 markah)]

Instruction:  Answer Either Part (A) or Part (B) in all of the following questions. Students are allowed to answer the questions in either Bahasa Malaysia or in English.

[Arahan:  Jawab samada Part (A) atau Part (B) dalam semua soalan berikut. Pelajar dibenarkan menjawab semua soalan samaada dalam Bahasa Malaysia atau Bahasa Inggeris.]

1.
[A]
[i]
Suppose the speed of light were infinite. What would happen to the relativistic predictions of length contraction and time dilation?

[Suatu elektron bergerak dalam makmal dengan kelajuan 0.6c. Suatu pemerhati bergerak dengan kelajuan 0.8c dalam arah yang bertentangan dengan elektron itu. Apakah tenaga elektron (dalam MeV) seperti yang ditentukan oleh pemerhati itu?]
 (3/100)

[A][ii]
A spaceship travels with a speed of 0.75c relative to Earth. If the spaceship fires a small rocket in the forward direction, how fast (relative to the spaceship) must it be fired so that it is travels with a speed of 0.95c relative to Earth?
[Sebuah kapal angkasa bergerak dengan kelajuan 0.75c relatif kepada Bumi. Jika kapal angkasa melancarkan sebuah roket kecil dalam arah ke hadapan, berapa cepatkah (relatif kepada kapal angkasa) ia mesti dilancarkan supaya ia bergerak dengan kelajuan 0.95c relatif kepada Bumi?]
(5/100)

[A][iii]
Ali observes two light pulses to be emitted from the same location, but separated in time by 3.00 µs. Siti observes the emission of the same two pulses to be separated in time by 9.00 µs. (a) How fast is Siti moving relative to Ali? (b) According to Siti, what is the separation in space of the two pulses?

[Ali memerhatikan dua denyutan cahaya dipancarkan dari lokasi yang sama, tetapi dipisahkan dalam masa 3.00 µs. Siti memerhatikan pancaran 

dua denyutan yang sama dipisahkan dalam masa 9.00 µs. (a) Berapa pantaskah Siti bergerak secara relatif kepada Ali?(b)Berdasarkan kepada Siti, apakah pemisahan jarak bagi kedua-dua denyutan itu?]
(4/100)

1.
[B]
[i]
Two events occurs at x = 0 and x = 1 m at time t = 0s and
[image: image31.wmf]'
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respectively according to an observer. What should 
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be if the two events are timelike events?
[Dua peristiwa berlaku di x = 0 dan x = 1 m pada masa t = 0s and 
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 masing-masing mengikut seorang pemerhati. Apakah nilai 
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 jika dua persitiwa tersebut adalah peristiwa-peristiwa timelike]
 (4/100)

[B][ii]
Show the derivation of time dilation effect using either Lorentz transformation or any suitable gadenken experiment. You must explain you steps clearly. Formula without explanation will not be considered as a complete answer. 
[Persembahkan penerbitan kesan dilasi masa samada melalui transformasi Lorentz atau mana-mana eksperiment gadenken yang sesuai.]
(8/100)

2.
[A]
[i]
A pion ((+) decays at rest into a muon (μ+) and a neutrino (). 
[Satu pion ((+) mereput pada keadaan rehat ke satu muon (+) dan satu neutrino ().]

(+
(
μ+
+ 

If the rest energy of the (+, μ+, and υ, are 140 MeV, 106 MeV and 0, respectively. What is the total energy of the neutrino?



[Jika tenaga rehat bagi (+, μ+, dan υ, adalah 140 MeV, 106 MeV dan 0, masing-masing. Apakah jumlah tenaga bagi neutrino?.]

 (6/100)

[A][ii]
A proton moves with a speed of 0.9c. Find the speed of an electron that has the same kinetic energy as the proton. Given that the proton and electron rest energies are 938.3 MeV and 0.511 MeV, respectively.

[Suatu proton bergerak dengan kelajuan 0.9c. Cari kelajuan bagi suatu elektron yang mempunyai tenaga kinetik yang sama seperti proton. Diberi bahawa tenaga rehat proton dan elektron adalah 938.3 MeV dan 0.511 MeV, masing-masing.]

(3/100)

[A][iii]
Human body radiates energy. Why are we not able to see?
[Badan manusia memancarkan tenaga. Mengapa kita tidak dapat melihat?.]

(3/100)

2.
[B]
[i]
How is kinetic energy be related to linear momentum in special theory of relativity?
[Apakah perhubungan di antara tenaga kinetik dan momentum linear dalam teori kerelatifan khas?.]

 (3/100)


[B]
[ii]
How is kinetic energy be related to linear momentum in classical mechanics?
[Apakah perhubungan di antara tenaga kinetik dan momentum linear dalam mekanik klasik?.]

(3/100)

[B][iii]
Show that the relation in B[ii] can be reduced from B[i] in the non-relativistic limit..

[Tunjukkan perhubungan di B[ii] dapat diturunkan daripada B[i] dalam limit tak kerelatifan ]
(6/100)

3.
[A]
[i]
What is photoelectric effect? (a) If the photoelectric effect is observed for one metal, can you conclude that the effect will also be observed for another metal under the same conditions? (b) If the threshold wavelength in the photoelectric effect increases when the emitting metal is changed to a different metal, what can you say about the work functions of the two metals?

[Apa itu kesan fotoelektrik? (a) Jika kesan fotoelektrik diperhatikan bagi suatu logam, bolehkah anda menyimpulkan bahawa kesan itu juga akan diperhatikan bagi logam lain dibawah keadaan yang sama? (b) Jika jarak gelombang ambang dalam kesan fotoelektrik meningkat apabila logam pemancar ditukar kepada logam yang berbeza, apa yang anda boleh katakan tentang fungsi kerja bagi kedua-due logam itu?]
(5/100)

[A][ii]
X-rays of wavelength ( are scattered through an angle of ( by a target, as shown in Figure 1.0. Show that the angle between the directions of the recoil electron and the incident photon is given by: 

[Sinar-X berjarak gelombang ( diserakkan melalui sudut ( oleh suatu sasaran, seperti yang ditunjukkan dalam Gambarajah 1.0. Tunjukkan bahawa sudut antara arah elektron yang tersentak dan foton tuju diberikan oleh:]
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Figure 1.0. 
[Gambarajah 1.0]

 (4/100)
[A][iii]

An electron undergoes annihilation with a positron and producing two photons travelling in the opposite directions. What are the initial kinetic energies of the electron and positron?

[Satu elektron mengalami pemusnah habisan dengan suatu positron dan menghasilkan dua foton yang bergerak dalam arah yang bertentangan. Apakah tenaga kinetik awal bagi elektron dan protron itu?]
(3/100)

3.
[B]
[i]
Explain why is it in a pair annihilation the resultant photons cannot be singly produced? 




[Jelaskan mengapa dalam process permusnahan pasangan, foton tidak boleh dihasilkan secara tunggal?]
(6/100)

[B][ii]
The universe is filled with thermal radiation, which has an effective temperature of 2.7 K. Estimate the peak wavelength of this radiation. You may refer to the blackbody radiation curves in Fig. 2 to answer this question. 



[Alam semesta dipenuhi dengan sinaran terma yang suhu berkesannya adalah 2.7K. Anggarkan jarak gelombang puncak pancara. Anda boleh merujuk kepada lengkungan sinaran jasad hitam dalam Rajah. 2 untuk menjawab soalan ini.]
(3/100)

[B][iii]
What is the energy (in eV) of a quanta at the peak wavelength? 


[Apakah tenaga (dalam eV) suatu kuanta pada jarak gelombang puncak?]
(3/100)
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Figure 2.0. [Gambarajah 2.0]

4.
[A]
[i]
A relativistic electron with rest mass of m0 has a de Broglie wavelength of (. Find a symbolic expression for its total relativistic energy in terms of m0, (, h, and c. Here h and c are the Planck constant and speed of light, respectively. 



[Suatu elektron kerelatifan dengan jisim rehat m0 mempunyai jarak gelombang de Broglie (. Cari suatu ungkapan simbolik bagi jumlah tenaga kerelatifannya dalam sebutan m0, (, h, dan c. Di sini h dan c adalah pemalar Planck dan kelajuan cahaya, masing-masing.]
 (5/100)


A[ii]
An electron has been accelerated by a potential difference of 100 V. If its position is known to have an uncertainty of 1 nm, what is the percent uncertainty ((p/p (100) of the electron?


[Satu electron telah dipecutkan oleh suatu beza keupayaan 100V. Jika kedudukannya diketahui mempunyai ketidak[astian sebanyak 1 nm, apakah peratus ketidakpastian ((p/p (100) bagi elektron itu?]

(4/100)


A[iii]
If matter has a wave nature, why is this wavelike character not observable in our daily experiences?



[Jika zarah mempunyai sifat gelombang, mengapa sifat gelombang ini tidak diperhatikan dalam pengalaman seharian kita?]
 (3/100)

4.
[B]
[i]
The size of a nucleus is typically of the order of fm. In some ealier (but wrong) models for the atoms, electrons were thought to be trapped  within the nucleus. In this case, estimate the kinetic energy of the electrons that managed to escape from the nucleus. 




[Saiz satu nukleus lazimnya adalah pada tertib fm. Dalam beberapa model atom yang awal (tetapi salah), elektron-elektron difikirkan terperangkap di dalam nukleus. Dalam kes ini, anggarkan tenaga kinetik elektron-elektron yang berjaya melepaskan diri dari nukleus.]
 (6/100)


B[ii]
Estimate the de Broglie wavelength of the electron in [B][i].


[Anggarkan jarak gelombang de Broglie elektron dalam [B][i].]
(6/100)

5.
[A]
[i]
The Bohr theory of the hydrogen atom is based on several assumptions. Do any of these assumptions contradict classical physics? Explain your answer.



[Teori Bohr bagi atom hidrogen adalah berdasarkan kepada beberapa andaian. Adakah sebarang andaian-andaian ini bercanggah dengan fizik klasik? Terangkan jawapan anda.]
(3/100)


A[iii]
Consider a large number of hydrogen atoms, with electrons all initially in the n = 4 state. (a) How many different wavelengths would be observed in the emission spectrum of these atoms? (b) What is the longest wavelength that could be observed? (c) To which series does the wavelength found in (b) belong?



[Pertimbangkan sebilangan besar atom hidrogen, dengan semua elektronnya berada dalam keadaan n = 4 pada awalnya. (a) Berapa banyakkah jarak gelombang yang berbeza akan diperhatikan dalam spektrum pancaran atom-atom ini? (b) Apakah jarak gelombang terpanjang yang boleh diperhatikan? (c) Untuk siri apakah jarak gelombang yang didapati dalam (b) tergolong?]
(6/100)

A[iii]
Consider an element having excited states at 3.6 eV and 4.6 eV used as a gas in the Franck-Hertz experiment. Assume that the work functions of the materials involved cancel out. List all the possible peaks that might be observed with electron scattering up to an accelerating voltage of 18 V.




[Pertimbangkan suatu elemen yang mempunyai keadaan teruja pada 3.6 eV dan 4.6 eV yang digunakan sebagai gas dalam eksperimen Franck-Hertz. Andaikan bahawa fungsi kerja bahan yang terlibat saling membatal. Senaraikan semua puncak yang mungkin yang mungkin dapat diperhatikan dengan elektron terserak sehingga suatu voltan memecut 18 V.]
(3/100)
5.
[B]
[i]
Write a short essay to compare the quantization of energy in the hydrogen atom to the quantization of the 1-D infinite quantum well.



[Tuliskan satu esei pendek untuk membandingkan pengkuantuman tenaga dalam atom hidrogen dengan pengkuantuman tenaga dalam  telaga kuantum tak terhingga 1-D.]
 (12/100)

- ooo O ooo -
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