1. Consider an x-ray of wavelength 0.050 nm scatters from a gold atom target. 

[Pertimbangkan sinar-x yang berjarak gelombang 0.050 nm, terserak oleh suatu sasaran atom emas. ]

(a) Can the x-ray be Compton-scattered from an electron bound by as much as 62,000 eV? Explain your answer. 

[Bolehkah sinar-x menjalani serakan Compton oleh suatu elektron yang terikat dengan tenaga sebesar 62,000 eV?]
(b) What is the largest wavelength of scattered photon that can be observed? 
[Apakah jarak gelombang foton terserak yang paling panjang yang mungkin dicerap?]

(c) What is the kinetic energy of the most energetic recoil electron and what angle does it occur? 

[Apakah tenaga kinetik elektron tersentak yang paling bertenaga, dan pada sudut apakah keadaan ini  berlaku?]
2. 

(a) 
In an experiment conducted in the teaching lab in the School of Physics, USM, an electron originated from upper atmosphere is observed to move at the speed of v = 0.998c.

[Dalam suatu eksperimen yang dijalankan dalam makmal mengajar di Pusat Pengajian Sains Fizik, USM, suatu elektron yang berasal daripada atmosfera atas telah dicerap. Elektron tersebut diukur sebagai bergerak pada laju v = 0.998c.]


(i)
What is the magnitude of its momentum in unit of MeV/c?


[Apakah magnitude momentumnya dalam unit MeV/c?]

(ii)
What is the total relativistic energy of the electron in unit of MeV?


[Apakah tenaga jumlah kerelatifan elektron tersebut dalam unit MeV?]

(iii)
What is the kinetic energy of the electron in unit of MeV?


[Apakah tenaga kinetik elektron tersebut dalam unit MeV?]

(b)
What is the kinetic energy of the electron at the n = 4 state in the Bohr’s model of hydrogen atom in unit of eV? Explain clearly the steps of your working leading to your answer. 
[Apakah tenaga kinetik elektron yang berada pada keadaan n=4 dalam atom hidrogen model Bohr dalam unit eV? Terangkan dengan jelas langkah-langkah yang membawa kepada jawapan anda.]

3.

(a) 
Describe an experiment in which the value of the Planck constant can be measured. 



[Perihalkan suatu eksperimen di mana nilai pemalar Planck boleh diukur.]

(b) Consider an electron and a proton, both moving at the speeds of ce and cP respectively.
[Pertimbankan suatu elektron dan suatu proton, masing-masing bergerak pada laju ce  dan cP.]
(i)
What is the ratio of their de Broglie wavelengths, e/P? [Hint: You have to consider the most general scenario, i.e. relativistic scenario.]
[Apakah nisbah jarak gelombang de Broglie mereka, e/P? (Petunjuk: Anda harus mempertimbangkan sinario paling am, iaitu, sinario kerelatifan.)]
(ii) What is the limit of e/P in the case where both are moving at ultra-relativistic speeds?
[Apakah limit e/P dalam kes di mana kedua-dua zarah bergerak dengan laju ultra-kerelatifan?] 
(iii) What is the limit of e/P in the case where both are moving at sub-relativistic speeds?

[Apakah limit e/P dalam kes di mana kedua-dua zarah bergerak dengan laju sub-kerelatifan?]
Your answer should be expressed in term of me, mP, e, P and c.

[Jawapan anda harus dinyatakan dalam sebutan me, mP, e, P dan c.]
Solution 1(a):

Thornton, 3rd edition, pg 117, example 3.16.

Solution 2(a) My own question.

Solution 2(b) My own question.

Solution 3: My own question.
(i)
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(ii) In the case where both are moving at ultra-relativistic speeds, i.e.
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(iii) In the case where both are moving at non-relativistic speeds, i.e.,
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 in general, 
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