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NUMBER OF STATES IN THE BAND:* 

Q1: What is the form of the Bloch function in a one-dimensional crystal?  

 (ِب ٘ٛ شىً داٌخ ثٍٛش فٟ اٌجٍٛسح أزبد٠خ اٌجعذ؟)

 

Q2: What condition must the Bloch function satisfy for periodic boundary conditions, and 

how does this affect the allowed values of k?  

 (K داٌخ ثٍٛش ٌٍششٚغ اٌسذٚد٠خ اٌذٚس٠خ، ٚو١ف ٠إثش ٘زا عٍٝ اٌم١ُ اٌّغّٛذ ثٙب ٌـ ٠زسمك فِٟب ٘ٛ اٌششغ اٌزٞ ٠دت أْ (

Q3: How is the number of allowed 𝑘 states inside the first Brillion zone determined? 

 (اٌّغّٛذ ثٙب داخً ِٕطمخ ثش٠ٍْٛ الأٌٚٝ؟ 𝑘 و١ف ٠زُ رسذ٠ذ عذد زبلاد(

Q4: Why is the result about the maximum number of electrons per band significant in 

predicting the behavior of solids? 

(ٌّبرا رعزجش إٌز١دخ اٌّزعٍمخ ثبٌعذد الألصٝ ٌلإٌىزشٚٔبد ٌىً ٔطبق ِّٙخ فٟ اٌزٕجإ ثغٍٛن اٌّٛاد اٌصٍجخ؟ ) 

 

٘زٖ إٌز١دخ ِّٙخ لأٔٙب رغبعذ فٟ رسذ٠ذ ِب ئرا وبْ اٌدغُ اٌصٍت ٠زصشف وّعذْ أَ وعبصي. ئرا وبْ اٌشش٠ػ ِّزٍئبً ثبٌىبًِ 

ٌّشخر أْ رىْٛ اٌّبدح عبصٌخ. ٚعٍٝ إٌم١ط ِٓ رٌه، ئرا وبٔذ ٕ٘بن زبلاد ِزبزخ فٟ اٌشش٠ػ ئٌىزشًٚٔب(، فّٓ ا 2N)ززٝ 

 )غ١ش ِّزٍئخ(، فمذ رىْٛ اٌّبدح ِٛصٍخ ٌٍىٙشثبء، ِّب ٠ش١ش ئٌٝ عٍٛن ِعذٟٔ.
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*THE NEARLY-FREE-ELECTRON MODEL 

Q1: What is the Nearly-Free-Electron (NFE) model, and what assumption does it make 

about the crystal potential? 

 (اٌجٍٛس٠خ؟ اٌدٙٛد، ِٚب الافزشاض اٌزٞ ٠مَٛ ع١ٍٗ ثشأْ (NFE) اٌزمش٠جِٟب ٘ٛ ّٔٛرج الإٌىزشْٚ اٌسش )

 ظع١ف ثّب ف١ٗ اٌىفب٠خ ثس١ث رزصشف الإٌىزشٚٔبد رمش٠جًب ِثً ٞأْ اٌدٙذ اٌجٍٛس اٌزمش٠ج٠ٟفزشض ّٔٛرج الإٌىزشْٚ اٌسش 

اٌدغ١ّبد اٌسشح. رزُ ِعبٌدخ رأث١شاد اٌدٙذ ثبعزخذاَ غشق الاظطشاة، ز١ث ٠ّىٓ اعزجبس اٌدٙذ اٌعع١ف رصس١سًب 

  صغ١شًا ٌغٍٛن الإٌىزشْٚ اٌسش.

Q2: What mathematical approach is used to solve the Schrödinger equation in the context of 

the NFE model? 

 (؟NFE ش فٟ ع١بق ّٔٛرجىاٌش٠بظٟ اٌّغزخذَ ٌسً ِعبدٌخ ششٚدِٔب ٘ٛ إٌٙح )

ش ثبعزخذاَ غشق الاظطشاة. ٠غّر ٘زا إٌٙح ثّعبٌدخ اٌدٙذ اٌجٍٛسٞ اٌعع١ف وزصس١ر صغ١ش ى٠زُ زً ِعبدٌخ ششٚدٔ

 ٌٍسٍٛي اٌخبصخ ثدغ١ُ زش، ِّب ٠دعً اٌسغبثبد أوثش لبث١ٍخ ٌلإداسح.

Q3: How does the NFE model differ from the tight-binding model? 

 (عٓ ّٔٛرج اٌشثػ اٌّسىُ؟ NFE و١ف ٠خزٍف ّٔٛرج)

 

الإٌىزشْٚ عٍٝ أٔٗ ٠زسشن ثسش٠خ ِع رفبعلاد ظع١فخ فمػ ثغجت اٌدٙذ اٌجٍٛسٞ، ث١ّٕب ٠فزشض ّٔٛرج  ٠NFEعبًِ ّٔٛرج 

أْ اٌدٙذ لٛٞ، ِّب ٠زغجت فٟ رسشن الإٌىزشٚٔبد ثشىً أعبعٟ زٛي اٌزساد اٌفشد٠خ ِع رفبعلاد غف١فخ  اٌّسىُالاسرجبغ 

ِٕبعت ٌٛصف  اٌّسىٌٍُّعبدْ اٌجغ١طخ، فٟ ز١ٓ أْ ّٔٛرج الاسرجبغ  NFEفمػ ِع اٌزساد اٌّدبٚسح. ٠غزخذَ ّٔٛرج 

 زمب١ٌخ.فٟ اٌّعبدْ الأ 3dإٌطبلبد اٌع١مخ فٟ اٌّٛاد اٌصٍجخ، ِثً إٌطبق 
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*The empty-lattice model: 

Q1: What is the empty-lattice model in the context of the Nearly-Free-Electron model? 

 (؟اٌزمش٠جِٟب ٘ٛ ّٔٛرج اٌشجىخ اٌفبسغخ فٟ ع١بق ّٔٛرج الإٌىزشٚٔبد اٌسشح )

 

، ِّب ٠غّر ٠فُزشض أْ اٌدٙذ ٠غبٚٞ صفشًا٠ّثً ّٔٛرج اٌشجىخ اٌفبسغخ ٔمطخ اٌجذا٠خ ٌّٕٛرج الإٌىزشْٚ اٌسش رمش٠جًب، ز١ث 

 .شىٌلإٌىزشٚٔبد ثبٌزصشف ودغ١ّبد زشح. ٠ٚأخز فٟ الاعزجبس اٌزٕبظش الأزمبٌٟ ٌٍشجىخ اٌسم١م١خ عٕذ زً ِعبدٌخ ششٚدٔ

Q2: What are the expressions for the state functions and energies in the empty-lattice model 

for a one-dimensional lattice? 

 (اٌسبٌخ ٚاٌطبلبد فٟ ّٔٛرج اٌشجىخ اٌفبسغخ ٌشجىخ أزبد٠خ اٌجعذ؟ داٌخِب ٟ٘ رعج١شاد )

 

 بٌّعبدٌخ اٌزب١ٌخ:ثبٌٕغجخ ٌشجىخ أزبد٠خ اٌجعذ، فاْ ٚظبئف اٌسبٌخ ٚاٌطبلبد فٟ ّٔٛرج اٌشجىخ اٌفبسغخ رعُطٝ ث

 

 

 

 ٟ٘ وزٍخ الإٌىزشْٚ. m٘ٛ اٌّزدٗ اٌّٛخٟ، ٚ k، ٚاٌّخفط٘ٛ ثبثذ ثلأه  ℏز١ث 
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Q3: What are the different schemes used to represent the energy spectrum, and what are 

their specific uses? 

 (اٌطبلخ، ِٚب ٟ٘ اعزخذاِبرٙب اٌّسذدح؟ِب ٟ٘ اٌّخططبد اٌّخزٍفخ اٌّغزخذِخ ٌزّث١ً غ١ف )

Answer: 

1. Reduced Zone Scheme: This representation confines consideration to the first 

Brillouin zone and is convenient for displaying all necessary information about the 

energy spectrum. 

2. Extended Zone Scheme: This emphasizes the connection between crystalline and 

free electron behavior, showing energy states across multiple zones. 

3. Periodic Zone Scheme: Useful in topological considerations involving kkk-space, 

showing the periodicity of energy states. 

All these schemes are equivalent, and their use is based on convenience rather than intrinsic 

advantages.  

٠مزصش ٘زا اٌزّث١ً عٍٝ ِٕطمخ ثش٠ٍْٛ الأٌٚٝ ٚ٘ٛ ِٕبعت ٌعشض خ١ّع اٌّعٍِٛبد اٌعشٚس٠خ  يخطظ انًُطمخ انًخفضخ:

 زٛي غ١ف اٌطبلخ.

ٓ عٍٛن الإٌىزشٚٔبد اٌجٍٛس٠خ ٚاٌسشح، ٠ٚظُٙش زبلاد اٌطبلخ عجش ِٕبغك ٠إوذ ٘زا عٍٝ اٌعلالخ ث١ يخطظ انًُطمخ انًًتذح:

 ِزعذدح.

 ، ٠ٚظُٙش دٚس٠خ زبلاد اٌطبلخ.k-space  ِف١ذ فٟ الاعزجبساد اٌطٛثٌٛٛخ١خ اٌزٟ رزعّٓ يخطظ انًُطمخ انذٔرٌخ:

 وً ٘زٖ اٌّخططبد ِزىبفئخ، ٠ٚعزّذ اعزخذاِٙب عٍٝ اٌّلاءِخ ١ٌٚظ اٌّضا٠ب اٌدٛ٘ش٠خ.

Q3: 

 

 

 

 



 اصبصٍبد فٍزٌبء انسبنخ انصهجخ )تأنٍف عهً عًر(-اصئهخ ٔيضبئم انفصم انخبيش

 (0202-0202نهعبو ) طهجخ انذكتٕراِ-صهضهخ يسبضراد فً فٍزٌبء انسبنخ انصهجخ

 اصتبر انًبدح: أ.و.د. صبنر ٌَٕش درٌٔش

5 
 

Q4: Sketch the energy curves for the empty-lattice model: 

 (a) Dispersion curves in the nearly-free-electron model, in the reduced-zone 

scheme.  

(b) The same dispersion curves in the extended-zone scheme. 

، فٟ ِخطػ اٌزمش٠جٟاٌفبسغخ: )أ( ِٕس١ٕبد اٌزشزذ فٟ ّٔٛرج الإٌىزشٚٔبد اٌسشح اسعُ ِٕس١ٕبد اٌطبلخ ٌّٕٛرج اٌشجىخ )

 .(إٌّطمخ اٌّخفعخ. )ة( ٔفظ ِٕس١ٕبد اٌزشزذ فٟ ِخطػ إٌّطمخ اٌّّزذح

 

electron model:-free-The nearly* 

Q1: What is the expression that describes the energy gap Eg  at the zone edge in the nearly-

free electron model? 

 (عٕذ زبفخ إٌّطمخ فٟ ّٔٛرج الإٌىزشْٚ شجٗ اٌسش؟  Eg فدٛح اٌطبلخِب ٘ٛ اٌزعج١ش اٌزٞ ٠صف )
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Q2: 

Answer: 

  

 

  

Q3: If the energy at point B in below is given as EB=0.2 eV, calculate the energy changes 

E3(k) and E2(k) at k=0 ?. 

 

 

 

 

 

  

  

 

 

 

 

 

Q4: 
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 انًُبلشخ:

ئْ عذَ ٚخٛد فصً ٌٍطبلخ فٟ ٘زٖ اٌّشزٍخ ٠ش١ش ئٌٝ أْ إٌطبلبد رزلاِظ، ٚ٘ٛ اعزجبس ثبٌغ الأ١ّ٘خ فٟ ع١بق اٌّٛاد اٌزٟ 

 .لذ رظٙش عٍٛوًب ِعذ١ًٔب

*THE ENERGY GAP AND THE BRAGG REFLECTION: 

Q1: Explain how the concept of Bragg reflection relates to the behavior of electrons at the 

zone edge. What is the implication of having zero velocity for the electron at this point? 

عشعخ الإٌىزشْٚ صفشًا  اششذ و١ف ٠شرجػ ِفَٙٛ أعىبط ثشاج ثغٍٛن الإٌىزشٚٔبد عٕذ زبفخ إٌّطمخ. ِب ٘ٛ رأث١ش وْٛ)

 (عٕذ ٘زٖ إٌمطخ؟

Solution: 

1. Bragg Reflection: At the zone edge, the strong periodic potential leads to Bragg 

diffraction, causing the electron wave to reflect significantly. The reflected wave's 

amplitude matches that of the incident wave, resulting in standing wave patterns. 

2. Zero Velocity Implication: Since the electron behaves as a standing wave at k=π/a  , 

its velocity is zero. This is significant because it means that electrons can accumulate 

at these points, affecting conductivity and band structure. 

: عٕذ زبفخ إٌّطمخ، ٠إدٞ اٌدٙذ اٌذٚسٞ اٌمٛٞ ئٌٝ ز١ٛد ثشاج، ِّب ٠زغجت فٟ أعىبط ِٛخخ الإٌىزشْٚ ناَعكبس ثرا

 ثشىً وج١ش. رزطبثك ععخ اٌّٛخخ إٌّعىغخ ِع ععخ اٌّٛخخ اٌٛاسدح، ِّب ٠ٕزح عٕٗ أّٔبغ اٌّٛخخ اٌّغزمشح.

، فاْ عشعزٗ رغبٚٞ صفشًا. ٚ٘زا ُِٙ k=π/a  الإٌىزشْٚ ٠زصشف وّٛخخ ِغزمشح عٕذ: ٔظشًا لأْ تأثٍر انضرعخ انصفرٌخ

 .لأٔٗ ٠عٕٟ أْ الإٌىزشٚٔبد ٠ّىٓ أْ رزشاوُ عٕذ ٘زٖ إٌمبغ، ِّب ٠إثش عٍٝ اٌّٛص١ٍخ ٚث١ٕخ إٌطبق

Q2: Discuss how the periodic potential affects the energy gap formation at the boundaries of 

the Brillion zone. Provide a qualitative explanation of the energy gap created between two 

bands. 

ْٛ. لذَ ششزًب ٔٛع١ًب ٌفدٛح اٌطبلخ اٌزٟ رٕشأ ٔبلش و١ف ٠إثش اٌدٙذ اٌذٚسٞ عٍٝ رى٠ٛٓ فدٛح اٌطبلخ عٕذ زذٚد ِٕطمخ ثش٠ٍ)

 (.ث١ٓ ٔطبل١ٓ

Solution: 

1. Formation of Energy Gaps: The periodic potential introduces interactions between 

electrons in different bands. As a result, near the zone boundaries, energies of states 

from different bands shift, creating gaps due to differing wave function distributions. 

2. Qualitative Explanation: At the boundary, the states corresponding to different 

energy bands (e.g., the top of band 1 and the bottom of band 2) have different spatial 

distributions. This difference leads to an energy gap since the same k value 

corresponds to different potential energies, preventing electrons from occupying both 

bands simultaneously at that point. 
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٠ذُخً اٌدٙذ اٌذٚسٞ رفبعلاد ث١ٓ الإٌىزشٚٔبد فٟ ٔطبلبد ِخزٍفخ. ٚٔز١دخ ٌزٌه،  تكٌٍٕ فدٕاد انطبلخ:.1

فدٛاد ثغجت رٛص٠عبد داٌخ ثبٌمشة ِٓ زذٚد إٌّطمخ، رزسٛي غبلبد اٌسبلاد ِٓ ٔطبلبد ِخزٍفخ، ِّب ٠خٍك 

 .اٌّٛخخ اٌّخزٍفخ

عٕذ اٌسذٚد، ٠ىْٛ ٌٍسبلاد اٌّمبثٍخ ٌٕطبلبد اٌطبلخ اٌّخزٍفخ )عٍٝ عج١ً اٌّثبي، اٌدضء  انتفضٍر انُٕعً:.2

( رٛص٠عبد ِىب١ٔخ ِخزٍفخ. ٠إدٞ ٘زا الاخزلاف ئٌٝ فدٛح 2ٚاٌدضء اٌغفٍٟ ِٓ إٌطبق ) (1)اٌعٍٛٞ ِٓ إٌطبق 

رزٛافك ِع غبلبد ِسزٍّخ ِخزٍفخ، ِّب ٠ّٕع الإٌىزشٚٔبد ِٓ اززلاي إٌطبل١ٓ فٟ ٚلذ  kخ غبلخ لأْ ٔفظ ل١ّ

 ٚازذ عٕذ رٍه إٌمطخ.

*Calculation of energy band: 

Q1: Answer the following questions?. 

1.  What is the Wigner-Seitz cell, and how is it constructed in the context of solid-state 

physics? 

 Answer: The Wigner-Seitz cell is a unique unit cell used in crystallography that 

simplifies the representation of a crystal lattice. It is constructed by taking a lattice 

point and drawing perpendicular bisectors to the lines connecting it to its nearest 

neighbors, enclosing the volume of space closest to that lattice point. This results in a 

polyhedron that contains one lattice point and can be used to describe the periodic 

structure of the crystal. 

2.  Explain the significance of using a Wigner-Seitz sphere instead of the actual cell 

shape in the cellular method. 

 Answer: The Wigner-Seitz sphere simplifies the mathematical treatment of the 

crystal potential. By replacing the complex actual cell shape with a sphere of equal 

volume, calculations can be more tractable while still capturing essential periodicity. 

This approach allows for easier imposition of boundary conditions necessary for the 

wave function. 

3.  Describe the general approach of the cellular method to calculate the energy bands of 

a solid. 

 Answer: The cellular method involves dividing the crystal into unit cells and 

assuming that the electron within a cell is primarily influenced by the potential of the 

ion in that cell. The Schrödinger equation is solved for this potential, typically 

numerically, to obtain the wave function and energy states. The Bloch theorem is then 

used to extend these results to the entire crystal. 

4.  Discuss the behavior of the wave function within the ion core compared to the 

regions outside the core as described in the text. 
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 Answer: Inside the ion core, the wave function oscillates significantly due to the 

strong ionic potential. Outside the core, the wave function tends to behave like a plane 

wave and remains approximately constant throughout most of the cell volume. This 

transition indicates that outside the core, the effective potential is relatively constant, 

allowing the electrons to behave like free particles. 

5.  How does the APW method improve upon the cellular method? 

 Answer: The Augmented-Plane Wave (APW) method refines the assumptions of the 

cellular method by incorporating a muffin-tin potential, which is constant outside the 

ion cores. This method allows for a more accurate representation of the electron wave 

function, particularly by joining atomic-like functions inside the core to plane waves 

outside, addressing the shortcomings of the cellular method regarding crystal 

structure. 

6.  Define the pseudo potential and describe how it differs from the actual crystal 

potential. 

 Answer: The pseudo potential is a simplified effective potential that replaces the 

strong ionic potential near the core with a weaker potential. It smooths out the 

singular behavior at the ionic core, making it easier to handle in calculations. This 

leads to a wave function that appears almost like a plane wave throughout the crystal, 

thus allowing for the approximation of free particle behavior for conduction electrons. 

7.  Explain the concept of orthogonally in the context of wave functions. Why is it 

crucial for ensuring compliance with the Pauli exclusion principle? 

 Answer: Orthogonally between wave functions means that the integral of their 

product over all space equals zero. This concept is crucial in quantum mechanics to 

ensure that different quantum states do not overlap, allowing multiple electrons to 

occupy different states without violating the Pauli exclusion principle, which states 

that no two electrons can occupy the same quantum state simultaneously. 

8.  What are some of the challenges associated with the numerical calculations in the 

APW and pseudo potential methods? 

 Answer: Numerical calculations in the APW and pseudo potential methods are 

computationally intensive and can be affected by numerical errors, convergence 

issues, and the need for precise boundary conditions. These challenges often require 

sophisticated algorithms and significant computational resources, making it a complex 

task that can take extensive time to yield reliable results. 

 صٍتز، ٔكٍف ٌتى ثُبؤْب فً صٍبق فٍزٌبء انسبنخ انصهجخ؟-يب ًْ خهٍخ ٌٔدُر.1

ع١زض ٟ٘ خ١ٍخ ٚزذح فش٠ذح رغزخذَ فٟ عٍُ اٌجٍٛساد ٌزجغ١ػ رّث١ً اٌشجىخ اٌجٍٛس٠خ. ٠زُ ثٕبؤ٘ب عٓ -الإخبثخ: خ١ٍخ ٠ٚدٕش

غش٠ك أخز ٔمطخ شجى١خ ٚسعُ ِٕصفبد عّٛد٠خ عٍٝ اٌخطٛغ اٌزٟ رشثطٙب ثألشة خ١شأٙب، ِّب ٠س١ػ ثسدُ اٌفعبء 

بء ِزعذد اٌغطٛذ ٠سزٛٞ عٍٝ ٔمطخ شجى١خ ٚازذح ٠ّٚىٓ اعزخذاِٗ الألشة ئٌٝ رٍه إٌمطخ اٌشجى١خ. ٠إدٞ ٘زا ئٌٝ ئٔش

 ٌٛصف اٌج١ٕخ اٌذٚس٠خ ٌٍجٍٛسح.

 صٍتز ثذلاً يٍ شكم انخهٍخ انفعهً فً انطرٌمخ انخهٌٕخ.-اشرذ أًٍْخ اصتخذاو كرح ٌٔدُر.0
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ٌخ١ٍخ اٌفعٍٟ اٌّعمذ ثىشح ع١زض اٌّعبٌدخ اٌش٠بظ١خ لإِىبٔبد اٌجٍٛسح. ِٓ خلاي اعزجذاي شىً ا-الإخبثخ: رجغػ وشح ٠ٚدٕش

، ٠ّىٓ أْ رىْٛ اٌسغبثبد أوثش لبث١ٍخ ٌٍزٕف١ز ِع الاعزّشاس فٟ اٌزمبغ اٌذٚس٠خ الأعبع١خ. ٠غّر ٘زا إٌٙح  ٍٚ راد زدُ ِزغب

 ثفشض أعًٙ ٌٍششٚغ اٌسذٚد٠خ اٌلاصِخ ٌذاٌخ اٌّٛخخ.

 صف انُٓح انعبو نهطرٌمخ انخهٌٕخ نسضبة َطبلبد انطبلخ فً يبدح صهجخ. .3

لإخبثخ: رزعّٓ اٌطش٠مخ اٌخ٠ٍٛخ رمغ١ُ اٌجٍٛسح ئٌٝ خلا٠ب ٚزذح ٚافزشاض أْ الإٌىزشْٚ داخً اٌخ١ٍخ ٠زأثش فٟ اٌّمبَ الأٚي ا

ش ٌٙزٖ الإِىب١ٔخ، عبدحً عذد٠ًب، ٌٍسصٛي عٍٝ داٌخ اٌّٛخخ ٚزبلاد ىثاِىب١ٔخ الأ٠ْٛ فٟ رٍه اٌخ١ٍخ. ٠زُ زً ِعبدٌخ ششٚدٔ

 ثٍٛش ٌزٛع١ع ٘زٖ إٌزبئح ٌزشًّ اٌجٍٛسح ثأوٍّٙب.اٌطبلخ. ثُ ٠زُ اعزخذاَ ٔظش٠خ 

 .؟َبلش صهٕن دانخ انًٕخخ داخم لهت الإٌٌٔ يمبرَخ ثبنًُبطك خبرج انمهت .2

الإخبثخ: داخً لٍت الأ٠ْٛ، رززثزة داٌخ اٌّٛخخ ثشىً وج١ش ثغجت الإِىبٔبد الأ١ٔٛ٠خ اٌم٠ٛخ. خبسج اٌمٍت، ر١ًّ داٌخ اٌّٛخخ 

ٌّغز٠ٛخ ٚرظً ثبثزخ رمش٠جًب فٟ ِعظُ زدُ اٌخ١ٍخ. ٠ش١ش ٘زا الأزمبي ئٌٝ أٔٗ خبسج اٌمٍت، ٠ىْٛ ئٌٝ اٌزصشف ِثً اٌّٛخخ ا

 الإِىبٔبد اٌفعبٌخ ثبثزخ ٔغج١ًب، ِّب ٠غّر ٌلإٌىزشٚٔبد ثبٌزصشف ِثً اٌدغ١ّبد اٌسشح.

 عهى تسضٍٍ انطرٌمخ انخهٌٕخ؟ APWكٍف تعًم طرٌمخ .2

( عٍٝ رسغ١ٓ افزشاظبد اٌطش٠مخ اٌخ٠ٍٛخ ِٓ خلاي دِح خٙذ APWٌّعضصح )الإخبثخ: رعًّ غش٠مخ اٌّٛخخ اٌّغز٠ٛخ ا

اٌىعه، ٚ٘ٛ ثبثذ خبسج ٜٔٛ الأ٠ٛٔبد. رغّر ٘زٖ اٌطش٠مخ ثزّث١ً أوثش دلخ ٌذاٌخ اٌّٛخخ ٌلإٌىزشْٚ، ٚخبصخ ِٓ خلاي 

فٟ اٌطش٠مخ اٌخ٠ٍٛخ ف١ّب سثػ اٌٛظبئف اٌشج١ٙخ ثبٌزساد داخً إٌٛاح ثبٌّٛخبد اٌّغز٠ٛخ خبسخٙب، ِٚعبٌدخ أٚخٗ اٌمصٛس 

 ٠زعٍك ثج١ٕخ اٌجٍٛسح.

 .؟انجهٕري انفعهً اندٓذٔصف كٍفٍخ اختلافّ عٍ ٔ ا اندٓذ انكبرةزذد  .6

الإخبثخ: اٌدٙذ اٌىبرة ٘ٛ خٙذ فعبي ِجغػ ٠سً ِسً اٌدٙذ الأ٠ٟٛٔ اٌمٛٞ ثبٌمشة ِٓ إٌٛاح ثدٙذ أظعف. ئٔٗ ٠ٕعُ اٌغٍٛن 

٠دعً اٌزعبًِ ِعٗ أعًٙ فٟ اٌسغبثبد. ٠إدٞ ٘زا ئٌٝ داٌخ ِٛخ١خ رجذٚ رمش٠جًب ِثً اٌّٛخخ اٌّفشد فٟ إٌٛاح الأ١ٔٛ٠خ، ِّب 

 اٌّغز٠ٛخ فٟ خ١ّع أٔسبء اٌجٍٛسح، ِّب ٠غّر ثزمش٠ت عٍٛن اٌدغ١ّبد اٌسشح لإٌىزشٚٔبد اٌزٛص١ً.

 ثبل نًجذأ اصتجعبد ثبٔنً؟اشرذ يفٕٓو انتعبيذ فً صٍبق انذٔال انًٕخٍخ. نًبرا ٌعذ أيرًا ثبنغ الأًٍْخ نضًبٌ الايت.7

الإخبثخ: رعٕٟ اٌعّٛد٠خ ث١ٓ اٌذٚاي اٌّٛخ١خ أْ رىبًِ زبصً ظشثٙب عٍٝ وً اٌّغبزخ ٠غبٚٞ صفشًا. ٘زا اٌّفَٙٛ ثبٌغ 

الأ١ّ٘خ فٟ ١ِىب١ٔىب اٌىُ ٌعّبْ عذَ رذاخً اٌسبلاد اٌى١ِّٛخ اٌّخزٍفخ، ِّب ٠غّر ٌلإٌىزشٚٔبد اٌّزعذدح ثبززلاي زبلاد 

ٔزٙبن ِجذأ اعزجعبد ثبٌٟٚ، اٌزٞ ٠ٕص عٍٝ أٔٗ لا ٠ّىٓ لإٌىزش١ٔٚٓ اززلاي ٔفظ اٌسبٌخ اٌى١ِّٛخ فٟ ٚلذ ِخزٍفخ دْٚ ا

 ٚازذ.

 ؟pseudo potential اٌدٙذ اٌىبرةٚ APWِب ٟ٘ ثعط اٌزسذ٠بد اٌّشرجطخ ثبٌسغبثبد اٌعذد٠خ فٟ غشق .8

ِىثفخ زغبث١ًب ٠ّٚىٓ أْ رزأثش ثبلأخطبء اٌعذد٠خ  APW  ٚpseudo potentialالإخبثخ: اٌسغبثبد اٌعذد٠خ فٟ غشق 

ٚلعب٠ب اٌزمبسة ٚاٌسبخخ ئٌٝ ششٚغ زذٚد٠خ دل١مخ. غبٌجًب ِب رزطٍت ٘زٖ اٌزسذ٠بد خٛاسص١ِبد ِزطٛسح ِٚٛاسد زغبث١خ 

 وج١شح، ِّب ٠دعٍٙب ِّٙخ ِعمذح ٠ّىٓ أْ رغزغشق ٚلزبً غ٠ٛلاً لإٔزبج ٔزبئح ِٛثٛلخ.

Q2: Choose the correct answer for each of the following: (ٌٌتغٍر ترتٍت الاخبثبد فً الايتسب) 

1. What is the primary purpose of the Wigner-Seitz cell in solid-state physics? 
o A) To represent the energy bands of a crystal 

o B) To simplify the calculation of crystal potentials 

o C) To describe lattice vibrations 

o D) To identify crystal defects 

Correct Answer: B 

2. In the context of the cellular method, what assumption is made about the potential 

affecting an electron in a specific cell? 
o A) The potential is uniform throughout the crystal 

o B) The electron is influenced only by the potential of the ion in that cell 
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o C) The potential from neighboring cells is the dominant factor 

o D) The potential is negligible in all cells 

Correct Answer: B 

3. What characterizes the wave function behavior outside the ion core in the cellular 

method? 
o A) It oscillates rapidly 

o B) It behaves like a plane wave and is approximately constant 

o C) It becomes zero 

o D) It varies unpredictably 

Correct Answer: B 

4. What is the main improvement of the Augmented-Plane Wave (APW) method over the 

cellular method? 
o A) It uses a spherical Wigner-Seitz cell 

o B) It assumes a muffin-tin potential that is constant outside the ion core 

o C) It eliminates the need for numerical calculations 

o D) It treats all crystal structures as isotropic 

Correct Answer: B 

5. In the pseudo potential method, what is the effect of the atomic functions on the effective 

potential? 
o A) They enhance the ionic potential significantly 

o B) They completely remove the potential 

o C) They weaken the effective potential, leading to a smoother wave function 

o D) They have no effect on the potential 

Correct Answer: C 

6. What is the significance of orthogonality between wave functions in quantum 

mechanics? 
o A) It allows overlapping states to exist 

o B) It ensures compliance with the Pauli exclusion principle 

o C) It simplifies the Schrödinger equation 

o D) It increases the energy levels of the system 

Correct Answer: B 

7. Which of the following is a notable feature of the wave function at the bottom of the 

band in the cellular method? 
o A) It has a variable amplitude throughout the cell 

o B) It oscillates near the ion core but becomes constant elsewhere 

o C) It is zero throughout most of the crystal 

o D) It exhibits random fluctuations 

Correct Answer: B 

8. What challenge is associated with numerical calculations in the APW and pseudo 

potential methods? 
o A) They require no computational resources 

o B) They can be completed in a short time frame 

o C) They are computationally intensive and require significant numerical precision 

o D) They do not provide accurate results 

Correct Answer: C 

9.  What does the energy gap Eg  represent in a solid? 

 A) The energy required to break a bond 

 B) The difference between the conduction band and valence band edges 

 C) The energy of the ion core 

 D) The thermal energy of the electrons 

Correct Answer: B 
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10.  According to the text, how is the energy gap Eg  calculated for(between two electronic 

bands is related to the Fourier component)? 

  
Correct Answer: A 

11.  Which method simplifies the crystal into unit cells for energy band calculations? 

 A) The APW method 

 B) The cellular method 

 C) The pseudo potential method 

 D) The tight-binding method 

Correct Answer: B 

12.  In the context of the cellular method, what shape is the Wigner-Seitz cell for Na in a BCC 

structure? 

 A) Cubic 

 B) Dodecahedron 

 C) Tetrahedral 

 D) Octahedral 

Correct Answer: B 

13.  What is a key assumption made when using the cellular method? 

 A) The potential of the ion core affects the entire crystal 

 B) Ions in neighboring cells have a negligible effect on the electron 

 C) The potential is identical in all cells 

 D) The wave function does not need to satisfy periodicity 

Correct Answer: B 

14.  Which of the following best describes the wave function outside the ion core in the cellular 

method? 

 A) It oscillates rapidly 

 B) It is zero 

 C) It behaves like a plane wave 

 D) It is complex and variable 

Correct Answer: C 

15.  What characteristic of the wave function at the zone edge indicates strong scattering? 

 A) The wave function becomes complex 

 B) The wave function is constant 

 C) The wave function has equal amplitudes for incident and reflected waves 



 اصبصٍبد فٍزٌبء انسبنخ انصهجخ )تأنٍف عهً عًر(-اصئهخ ٔيضبئم انفصم انخبيش

 (0202-0202نهعبو ) طهجخ انذكتٕراِ-صهضهخ يسبضراد فً فٍزٌبء انسبنخ انصهجخ

 اصتبر انًبدح: أ.و.د. صبنر ٌَٕش درٌٔش

13 
 

 D) The wave function becomes undefined 

Correct Answer: C 

16.  What improvement does the Augmented-Plane Wave (APW) method offer over the cellular 

method? 

 A) It eliminates the need for numerical solutions 

 B) It accounts for anisotropic effects 

 C) It uses a muffin-tin potential that is constant outside the core 

 D) It simplifies the crystal structure completely 

Correct Answer: C 

17.  In the pseudo potential method, what happens to the effective potential due to the atomic 

functions? 

 A) It becomes stronger 

 B) It is unchanged 

 C) It weakens significantly 

 D) It becomes complex 

Correct Answer: C 

18.  What is the purpose of requiring orthogonality between wave functions in quantum 

mechanics? 

 A) To allow overlapping states 

 B) To ensure compliance with the Pauli exclusion principle 

 C) To simplify numerical calculations 

 D) To increase energy levels 

Correct Answer: B 

19.  Which method is often used for calculating band structure in metals and semiconductors 

with success? 

 A) Tight-binding method 

 B) Cellular method 

 C) APW method 

 D) Kohn-Sham method 

Correct Answer: C 

20.  What challenge is associated with the numerical calculations in the APW and pseudo 

potential methods? 

 A) They are quick and easy 

 B) They require extensive computational resources and time 

 C) They do not yield accurate results 

 D) They are unnecessary for band structure calculations 

Correct Answer: B 
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