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20- The no. of spectral lines for a radical of two different equivalent nuclei is expected by
(a) 2041 +1 (b)) (2nl-1) (c) @2n 1 +1) 2noly+1)

21- The ESR intensity of 'H consists of two peaks of

(a) Equal intensity centered at g = 1

(b) Equal intensity centered at g = 2.0023

(c) Different intensity centered at g = 2.0023

22- Number of expected lines of ESR for benzene and methoxymethyl radicals are

(@12, 7 ()7, 12 ©9, 7

23- IS usually expressed by the difference in

(a) The d-electron density at the nuclei between the source and absorber

(b) The s-electron density at the nuclei between the source and absorber

(c) None of them
74-- The oxidation state of an absorber nucleus can be determined from
(a) QS value (b) IS value (¢) None of them

25- Due to the greater d-electron, Fe’* has fewer s-electrons than Fe**, which results
(a) Greater negative IS for Fe®* than Fe’*
(b) Greater positive IS for Fe?* than Fe**

(c) Both of them
26- Hyperfine interaction found in y-rays of the Mdssbauer spectrum can be expressed by
(a) F- value (b) IS- value (c) QS- value

27- The recoil energy of y-rays goes to zero in a solid material because
(a) Effective mass of the nucleus is very large »

(b) Momentum can be conserved with negligible movement of the nucleus.
(c) Both of them

28- Isomer shift occurs when

(a) Two nuclides or more have the same number of protons

(b) Two nuclides or more have the same number of neutrons

(c) Both of them

-



8- Number of splitting energy states of NMR when I=3/2 is

(@3 (b) 4 (c)2

9-During the NMR, the magnetization of the nucleus is rotated against RF from
(a) x-y-plane into the z-axis  (b) z-axis into the xy-plane (c) Both of them
10-During the NMR, the magnetization of the nucleus fs allowed against RF from
(a) z-axis into the xy-plane (b) x-y-plane into the z-axis (c) None of them

11- Two million protons placed in a 14.1T field, the 180° wave pulse produces
a) Inversion of populations of nuclear spins in the two energy states

(b) Equal populations of nuclear spins in the two energy states

(c) Both of them

12-The number of NMR peaks for CH, and CHj are

a)4,3 (b) 3,4 ©23 :

13- The J (H-H) between two peaks of 3.4275 and 3.7805 ppm shift is
2)21.18 Hz (b) 7.06 Hz (c) None of them

14- Wy, at 100s™ of 'HNMRs -

ay3.2 ms b)32s (c)3.2Hz

15- The resonance frequency for the ESR speétrum in a field of 0.68 T is
a) 19.06 GHz (b) 19.06 MHz (c) 19.06 Hz :
16- The SSR time of ESR is usually
a) Equal of NMR (b) Larger than NMR (c) Shorter than NMR

17- If g.« does not equal g, for the electron, then the electron

(2) Gained angular momentum through SO-coupling

(b) Lost angular momentum through SO-coupling

(c) One of them
18- The ESR Hyperfine splitting or coupling is given by
(a) (2nt+1) (b)) (2nl-1) (c) (2nIt+1)

19- The number of ESR peaks of Na atom of spin 3/2 is
(@1 (b) 3 (c)4



04 (28 marks) Chose the correct answer (MCQ: (M dssd (b i LA ¢ g2)

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28

1- The ESR can be used to study the molecule of

(a) Un-paired electron  (b) Two unpaired electrons  (c) All of the above
2- When an unpaired electron interacts with the B, it produces

(a) Two different energy states such that the higher is anti-parallel to the B,
(b) Two different energy states such that the lower is parallel to the B,

(c) All of the above

3- ESR spectra is working by
(a) Varying v and fixing B, (b) Varying B, and varyingv (c) Varymg B, and fixing v
4- NMR spectra is working by
(a) Varying B, andvarying v (b) Varying B, and fixingv  (c) Varying v and fixing B
5.The absorption of RF energy by the nuclear spins causes transitions from
(a) Higher to lower energy  (b) Lower to higher energy (c) Both of them
6- When a B, is applied to the electrons at RT,
(a) All the electron spins will have the orientation of the B,.
(b) Only a part of electron spins will have the orientation of the B,
(c) No electron spins will have the orientation of the B,,.
7- Pascal's triangle and the number of elements for the fifth row are
(@) 1:4:6:4: 1,8 (b) I: 5:10:10:51 716 (c) None of them
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Magnetic Resonance and Méssbauer Spectra
P-453 Time: 3 h - Prof. Dr. Ahmed Sedky

Answer the following questions:
Q1 (6 marks)- Complete the following:
1- The nuclear spin angular momentum is given by;

, and equals - when nuclear spin is 3/2.

2- The effective magnetic moment of a molecule is given by ;

and it is equals for a molecule of three unpaired electrons.

3- The F of hyperfine structure is given by; .
and it is equals ,when I=7/2and J=5/2.
Q2 (8 marks): :

1-Calculate the splitting energies by eV of an electron due to their orbital and spinning motion
when placed in a field 6£ 3500 G.

2- Calculate the NMR chemical shifts by both ppm and Hz for 'H operating at 200 MHz when
the frequency difference between the reference and sample is 105 MHz.

3- Calculate the number of O-vacancies of ferrites when R (A+B) = 2R(A).



(A) E;= 1.44 eV (B)E.=0.72¢ (C) 0.56 eV

(13) ) For an intrinsic semiconductor with energy gap, E;= 0.7 eV, m*, = 6 m*. at
300 °K and C=4.83x10*' the position of Fermi level is equal to: ;
A)Er=0.853 eV (B) Er=0.385 eV (C) Er=0.583 eV

(14) When the energy band gap of ZnS photoconductor is 3.7 eV, and excitation
wavelength () of the incident photons is 400 nm, hence PL emission can be
attributed to:

(4) Band to Band recombination process.
(B) Defect states related-PL emission.

¢) Near band edge emission (excitonic emission).

(15) In direct band gap semiconductors, the allowed optical band gap is
determined from:

(A)Tauc's plot of (ahv) Y2 vs hv, and the intercept with hv-axis at( (ahv* / e
Ogiveshv = E,

(B) The extrapolation of straight line portion of Tauc's plot [(@ahv)?vs hv] to
(ahv)? = 0, and the intercept with hv-axis gives hv = Eg.

(C)The plot of (ah v)3/ 2 vs hv, and the intercept with hv -axis gives hv = By

(16) The presence of trapping centers in photoconductor device leads to:
(4). Increase in a free carrier lifetime and its photosensitivity (i.e. efficiency).
(B) Reduction in a free carrier lifetime and its photosensitivity.

C) No change occurs in the life time.

17- Doping process of semiconductor via incorporation of some impurities into the
crystal lattice sites results in:
(A) No change in electrical conductivity.
(B) Decrease in the electrical conductivity
C) Increase in the electrical conductivity

18- The Free Exciton (Van-Mott Exciton) is characterized by:
(A) Large radius and weak binding energy.

(B) Small radius and strong binding energy.

(C) It usually occurs at room temperature.

(D) Both (A) and (C).

(19) Increase in the degree of crystallization associated with nanoparticle size (D)
increase via thermal annealing process of polycrystalline CdS results in:

(4) Red shift of the optical band gap and (PL) emission spectrum.

(B) Blue shift of the optical band gap and (PL) emission spectrum.

(C) Blue shift of the optical band gap and reduction in the (PL) emission intensity.

(20) The following data are given for intrinsic for GaAs at 300°K. n;= 2.4x10%/n?%,
He = 0,39 m*V'sec”, y, = 16 m*V-sec” and e = 1.6x10 C, the obtained value of|
electrical conductivity (o) is:

A2 11 Qlm! (B) 1.11 Q'm ()31 Qimi!

With best regards
Prof. Dr. Mohamed A. Osman
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(4) When the intrinsic charge carrier concentration (m;) is 2.5 x 10'%m?, at room
temperature 3000C, where KgT= 0.026 eV and C= 4.83x10%!, hence the estimated
forbidden energy gap is:

(A) E;=144¢eV (B)E,=0.72¢ (E) 52 eV,

(5) When the energy band gap of ZnO photoconductor is 3.37 eV, and excitation
wavelength (1) of the incident photons is 400 nm, hence PL emission can be
explained as:

(A) Band to Band recombination process.

(B) Defect states related PL emission.

(c) Near band edge emission

(6) Donor impurities in n-type semiconductor introduce localized defect states
within the energy band gap:

(A) Near the conduction band edge.

(B) At the midpoint of the band gap

(C) Near the valence band edge

(7) If in intrinsic band gap semi-condudOr (GaAs), Eg = 1.4 eV andC= -
4.83x10%!, then the electrons concentration at 300 K is:
(A) 2.23x1012 (B) 3.43x 104 (C) 1.73x10%

(8) Enhancement of the optical and optoelectronic properties in nanosemiconductor
materials can be attributed to:

(A) Decrease in both the nanoparticle size (D) and surface area to volume ratio S/V
of atoms on the nanoparticle surface.

- (B) Decrease in the nanoparticle size (D) and increase in surface area to volume
ratio (S/V) of atoms on the nanoparticle surface.

(C) Increase in both the nanoparticle size (D) and surface area to volume ratio (S/V)
of atoms.

(9) Presence of surface defect states and unsaturated dangling bonds which act as
non-radiative recombination centers in nanosemiconductor results in:

(A) Enhancement in the photoluminescence emission intensity.

(B) Quenching in the photoluminescence emission intensity.

(C) No change occurs.

(10) Optical band gap and peak position of PL emission spectrum of Zn,Cd;. xS,
alloyed nano-semiconductor reveal:

(A) Blue shift with increasing the molar ratio (x) of zinc ions.

(B)Red shift with increasing the molar ratio (x) of zinc ions.

(C) No change occurs.

(11) Light-emitting diode (LED emits light, when electrons from the conduction
band of n-region recombine with holes in the valence band of p-region within the
energy gap and operate:

(A) Under the forward bias of an external electric field.

(B) Under the reverse bias of an external electric field.

(12) When the intrinsic charge carrier concentration (mj) is 2.5 x 10'%/m’,
at room temperature 3000C, where KgT= 0.026 eV and C= 4.83x10%!,
hence the estimated forbidden energy gap is:




Section (A)Answer the following questions:

Question 1: (6 mark)

(a) Deduce mathematical expression for direct allowed and forbidden optical transitions
in semiconductors.

(b) The complex dielectric constant of Cd S is given by the relation:

£ '=92+i3.4

At A = 500 nm. Deduce the refractive index (n), the phase velocity (v), the extinction
absorption coefficient (a) and the reflectivity (R).

Question 2: (7 mark)
(a) Explain in details two of the following: i
1. Generation and recombination process of charge carriers in semiconductors.
2. Diffusion and drift currents.

3. Hall effect and its application. -

Question 3: . (7 mark)
Write shortly on the following:

(a) Three different experimental techniques of semiconductor thin films preparation.
(b) Eexciton absorption process in semiconductors.

Section(B):Choose the correct answer from the following (30 mark)

(1)The injected excess carriers into a semiconductor, diffuse away from the metal-
 semiconductor point contact at x = 0 and their density decreases exponentially with
a distance x by the equation:

(A) (An), = (An) o exp[— (B) (An), = (An)yo exp[+ ———‘/D,’C‘—T"]

Where, L, = \/D, Ty is the electron diffusion length. ,,the lifetime and Dy is the
electron diffusion coefficient

Dnn]

(2) The life time (t) of minority carriers (holes) when a sample of n- type .
semiconductor is illuminated uniformly decay exponentially with time (t) as:

(A) (4p) = (AP, Jexp-t/ (B) (Ap) = (AR, ) exp(—t)/7?

(C) (Ap) = (AP, Jexp©t/D

(3) f'the complex dielectric constant of nano-semiconductor compound of particle
size 3 nm is given by £* = ¢, + i¢,, then the distinction absorption coefﬁc1ent k)
can be detenmned by the equation:

Ak=—= [ {“51 + (31 O S2)1/2}]1/2 B)k= % [ {51 ar (5% = E%)1/z}]1/2
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Q7) (8 Marks) K
Knowing that the saturation magnetization for FesOy is 5.0x10° A/m. Assuming, that replacement of Fe’* by -
Mi?*, Co®* and/or C1* ions does not change the unit cell edge length of 8.40 4.

ZM ok 25M154.938 26Fe554347 27C058.933 Z8Ni5&71 29Cu63.54 3nzn65,37 ?j
a) Find the magnetic moment per Mn?*ion, Fe?‘ion, Co?* ion and C#** ion in Bohr magnetons? (2 Marks)
b) Design a cubic mixed-ferrite of compositions [(CoxFe .« Fe:0.)s] and [(CuxFe,.x Fe;0,)s] that has a ?
saturation magnetization of 4.25 x10° A/m, by expressing (x) in at.% for each case? (3 Marks) ¥
c) Estimate the number of Bohr magnetons exhibited per unit cell by the formula [(Coo.20 Cuo.30 Mno.s0
Fe04)s]? (1 Marks)
d) Calculate the saturation magnetization of Cog.20 Cuo.30 Mno.so Fe204 Compound? (1 Marks)
e) By how much percent the saturation magnetization of Coo.20 Cuo.30 Mno.so Fe20y is less/larger than that of
magnetite? (1 Marks)

D
A
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Q6)

Marks of Q :

(6 Marks)

For the diffusion of carbon in y-iron, the pre-exponential factor is Do = 2.3 x107° m%/s and Hyx= 1.53
eV/atom. A y-iron—carbon alloy initially containing Co= 0.10 wt.% carbon is carburized at an elevated
temperature and in an atmosphere in which the surface carbon concentration is maintained at Cs =
1.10 wt.%. If after 48 hour the concentration of carbon is measured to be Cx= 0.30 wt.% at a position

x =3.5%10° m below the surface, determine:
a) The Diffussivity (D) of Carbon in fcc iron?

Table 5.1 Tabulation of Error Function Values

b) The temperature (T') at which the treatment was z efta) z eri2) z erfiz)
: 0 0 0.55 0.5633 13 0.9340

ca rrled OUt? 0.025 0.0282 0.60 0.6039 14 0.9523
0.05 0.0564 0.65 0.6420 13 0.9661

0.10 0.1125 070 0.6778 1.6 0.9763

0.15 0.1680 075 07112 Py 4 0.9838

0.20 02227 0.80 07421 18 0.9891

0.25 02763 085 0.7707 1.9 0.9928

0.30 03286 0.90 0.7970 20 0.9953

0.35 03794 095 0.8209 2 0.9981

0.40 04284 1.0 08427 24 0.9993

045 04755 11 0.8802 26 0.9998

0.50 0.5205 12 0.9103 28 0.9999

€%
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Q4)

Below is data related to the formation of Schottky defects in Silver. Find the following:

a) The energy for defect formation g,(in eV)?
b) The equilibrium number of Schottky defects n,,( m~2) in Silver at 2000 k?

C<

Marks of Q
(4 Marks)
T(K) | n,(m~3
750 2.40x10%
1000 ?
1200 | 1.42x10%*
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P

Q3) (4 Marks)
The magnetization of a ferromagnetic materials can be expressed as: M = Ngugtanh (‘q’i’;‘*), and its Curie
temperature as: T = NAu,(gug)?/ky , where (1) is Weiss constant.

a) Show that in view of the molecular field theory and above (T¢) the material obeys Curie-Weiss law.

b) Sketch the relation between (y~1) versus (T) for such materials. What do the slope, y-intercept and x-
intercept stand for.
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Q2) (4 Marks)

Given the average component of the dipole moment of a molecule in the direction of the applied
b A e

fieldeasp, =p (cothu ¥y Hint: cothx = P o T pEnoa

a) Use an appropriate approximation to obtain expressions of the dipolar polarizability () and total
polarizability («)of the molecule.
b) Justify your approximation for p = 1072°Coul - m, &€ = 10 V/m and T = 300K.

Page4‘



11.

12.

13.

14.

15.

16.

17.

18.

19

Marks of Q

If (C) isthe concentration of the diffusing species at distance (x) from the source and time

(¢), then according to Fick’s second law (assuming diffusion coefficient, (D) is constant): 3
a) dC/0x = D (9C/ot) b) 9C/0t = D (6°C/0x?)
¢) 0C/dx = D (92C/ot?) d) 0C/dt = D (3C/x)

Which of the following is not a part of Fick’s first law?
a) Diffusion flux b) Diffusion coefficient
c) Change in concentration with respect to the position in space
d) Change in concentration with respect to time

If (P) is the polarization of a dielectric material of dielectric constant (&) and (E) is the
macroscopic electric field, then internal field is:

alE+- b) B+ == JE+2 d)3E + =
& 3¢ & &
If (1) is the radius of an atom and (s,) is the permittivity of free space, then electronic !
polarizability is:
a) 4me,r? b) 4me,r3 c)4m?g,r3 d) dn e r3

Under the effect of an alternating voltages, ferroelectrics show:
a) polarization b) polarizability
c) hysteresis d) none

If (kp)is Boltzmann constant and (p) is dipole moment, the dipolar polarizability for low
applied electric fields, at temperature (T) on a dipolar substance is:

pZ
3kpT

Lk e o
a) b) ksT <) 3kgT d) kgT
If M stands for a divalent ion, a general formula for ferrites is:
a) MOFe;0; b) MOFeOs c) MOFe;0, d) MFe304

If (C)and(6)are the Curie constant and paramagnetic Neel temperature of an
antiferromagnetic material, the magnetic susceptibility at a temperature (T) above its Neel

temperature is given as:

a) == b = g = 9 =2

s

and 20.

(a) (b) (
The arrows represent the magnetic moments of the
ferromagnetic domains of an iron disc. The graph below
shows the total magnetization (M) as a function of the
applied field (H). Positive (M) and (H) are directed to the :
right. Match the domain configurations with the points on ()

the graph.

L
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Marks of Q
Q1) Choose the correct option for the following questions (1 Marks each) (20 Marks)
1. Density of a crystal remains unchanged as a result of:
a) Vacancy defect b) Interstitial defect
c) Frankel defect d) Schottky defect

2. AFrenkel defect is:
a) avacancy-like point defect in an ionic crystal
b) a defect that maintains the electrical charge neutrality in an ionic solid
c) both of the above d) none of the above

3. The equilibrium vacancy concentration in a crystalline solid depends on temperature (T) as:
At 1 1
a) exp (T) b) exp (+7) gl IR

4. Which thermodynamic property increases in a crystalline solid due to the presence of
vacancies?
a) Enthalpy b) Entropy
c) Internal energy d) Work done

5. When carbon atoms are trapped in the crystal of iron, the defect is known as:
a) Frenkel defect b) Schottky defects
c) Interstitial defect d) Stoichiometric defect

6.  When Nadl crystal is doped with MgCl, the nature of defect produced is:
a) Frenkel defect b) Schottky defects
c) Interstitial defect d) None of these

7. Concentration gradient refers to:
a) Change of concentration with respect to time
b) Change of concentration with respect to space
c) Change of concentration with respect to temperature
d) None of the mentioned

8. Interstitial diffusion is generally faster than diffusion by vacancy mode. This is because:
a) Number of interstitial sites is greater than vacancies
b) Vacancy diffusion requires more energy than interstitial diffusion
c) Interstitial species are smaller than substitution species
d) All of the mentioned

9. Asthe temperature decreases, the rate of vacancy diffusion in metals:
a) Increases b) Decreases

c) Remains the same d) May increase or decrease

10. The relation between temperature and diffusion coefficient is:

a) Linear b) Exponential
c) Sinusoidal d) Diffusion coefficient is not related to temperature
\ N\
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Constants & Conversion of Units:

Electron mass: m = 9.11 x 10 3* kg

Electron charge: e = 1.602 x 10 *° C

1eV=16x10"%J

Planck’s constant: h=6.626 x 103 J.s or h=4.14 x 10 eV's

1A=10"m

lAvogadro's number: Na = 6.02 x 10 3 atom/mole

h=1.054x103%Js

ISpeed of light: c =3 x 108 m/s

o = 47 x 107 H/m

Boltzmann’s constant: ks = 1.38 x 10 % J/K

1 Us=9.27.x10°2 J/T

leo = 8.854 x 1072 Fm™

Electric Field Units: V/m=N/C

Units of electric dipole moment is called Debye (D)
l1 D = 107% statC - cm(cgs units)
1D =~3.33564 x 10°%° C- m (SI units)

Units of Capacitance: F= C/V
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Question Three: (10 points)

Train the following Neural Network (NN) using the data provided in the tables.
Perform a single weight update for only (Ws and We) using the sigmoidal
activation function for both the forward and backward passes.

Wi | W2 | Wi | Wa | Ws | Ws | by b2 b3

05 | oD [RonE|E g E 00D DR

_ Training dgt’aI
Xi | X2 |Output
0.1 0.3 0.05

Question Four: (15 points)

A. Given the following flowcharts, write a MATLAB or Python program for
the following algorithm: (7 points)

Given An adjusted linearly contained training set X' = ‘.\',UX;
comprising augmented vectors Xk € R"#!.
(Note that the corresponding desired classes o have been
used in the augmentation process. Their use is implicit.)

Initialize 9 W e R"t to W, = 0 or some small random vector.

{terate {3 Repeat (on an epoch by epoch basis)

~ Select an X; € X (in any sequence)
~= Compute X[ W; ?
~IFXTWe <0

Wipr = Wi+ nXg

} until (X{Wk > 0 forall X; & X')

B. Write the mathematical form and draw a sample curve for each of
the following signal functions:
1- Binary threshold signal function. (2 points)
2- Linear threshold signal function. (3 points)
3- Sigmoid signal function. (3 points)

Best wisheg, Dr. Amal Abdelazim



2 Hours- 50 Points Final Exam Assiut University
1%t term 2024-2025 4t Level - Neural Network Faculty of Science
12/1/2025 4,459

Answer the following questions:

Question One: (15 points)

Fill spaces by choosing the appropriate terminologies form the following list:

(Neurons - Activation value — Learning rule -Unsupervised learning — hidden -
Recognition-hyperplane — input signals —linearly separable - Autoassociator —
output signal —signal function — Gradient rules — feedforward- supervised learning-
adaptive networks.)

1
ol

3
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8-

The artificial neuron receives from possibly n different sources.
The determines the output of a neuron based on its internal
activation value.
In the context of artificial neural networks, the term " refers to the
weighted sum of the inputs received by a neuron.
In the sample data set of , each pattern X, has its corresponding
output vector Dy.
A neural network where information flows only in one direction, from input
to output, is called a network.

is an example of feedback neural network, when neurons in a single
field connect back onto themselves.

is the ability to classify data into (known) categories
Artificial neural networks are massively parallel of simple nonlinear
computing elements called

9- Neurons can be of three types: input, , and output.

Question Two: (10 points)

A.

B.

Write briefly the training steps of Neural Network (Backpropagation for
updating weight) (S points) ‘

Suppose that we have a 3-dimensional artificial neuron with X = (-1, 0.6, 2),
w1 =0.3, w2 =0.5 and w3=0.1. Compute the value of the bias weight wo such
that the neuron outputs 0.7 in ONLY ONE of the following cases: (5 points)
1. Using the Linear threshold signal function with a =2.

2. Using the Sigmoid signal function with 4 =3.
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Question (ITI): Put true (V) or false (X) for the following statements: (10 marks)

1.

2.

[ 7
iniehy

Materials in crystalline form are more stable than the amorphous form ().

The electron and hole mobility in a crystal becomes higher than that in the corresponding
non-crystal ( ).

The crystallization of a melt consists of two processes (¢) nucleation of the crystalline
phase from the melt and (ii) growth of these nuclei D)

Toughness is a measure of the amount of force required to plastically deform material ( ).
Fragility measures the sensitivity of structure to temperature change ( ).

The specific volume of a glass of the same composition is independent of the adopted
cooling rate ( ).

Increases in either electron density or polarizability of the ions increase the refractive
index ( ).

Decreases in fictive temperature, which increase the density of most glasses, and increase
the refractive index ( ). :
The refractive index is not constant as it varies with the wavelength of the incident light ()

. The density of glass is equal to the molecular weight of the glass divided by its molar

_ volume ( ).

11.
12.
13.
. The crystal-liquid transition is an irreversible process )
15:
16.
17
18.
19.

20,

The glass transition is the transition from a liquid state to a supercooled liquid state
without crystallization ().

The glass obtained by a fast cooling rate has a higher specific volume than that obtained
using a slow cooling rate ().

Soda-lime glasses are non-silicate and oxide-classified glasses ( ).

The variation in index with wavelength is known as optical dispersion or simply as
dispersion ( ).

The glass transition temperature depends on the heating or cooling rate and the
experimental method used for the measurement ( ).

Glass is physically solid but structurally is not liquid ( I

Chlacgendie glasses are semiconductors composed of one or more of Te, Ce,or S ( ).
Instable solid with no long-range atomic order and atoms can rearrange to form a more
stable state given enough time and thermal energy ().

A broad crystallization peak indicates bulk, or three-dimensional crystal growth, while a
narrow peak thus implies surface, or one-dimensional crystal growth ().

Best Wishes,
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6. Compare briefly between the DSC, DTA, and TGA techniques. : (3 Marks)

7. Tlustrates the methods could be used for glass thin films preparation and discuss one of them
in more dtails. (3 Marks)

Page 6 of 7



mined from the DSC trace. (3 marks)

¢ heat at glass transition can be deter

3. How the specifi

4. Goldschmidt offered a theory to explain the formation of oxide glass — state it briefly. (3 marks)

(3 marks)

5. Discuss the molar refractmty of glasses.

page 5 of 7
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2. A material having a modulus of 1011 N/m? and a fracture surface energy of 2 J/m? has a
pristine strength of 40 GN/m? What is the interatomic distance in this material?
(3 marks)

Page 4 of 7
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Question (II): Answer the following questions:

11. Bulk chalcogenide glasses can be prepared by:

a. Sol-gel method. b. Melt quenching method.
¢. Chemical precipitation method. d. Vapor condensation technique.
125The «. ..o process refers to a technique where a material is subjected to a
constant temperature over time while monitoring its properties or reactions.
a. Iso-thermal. b. Non-isothermal.
¢. Iso-conversional. d. Isobaric.
13. The semiconducting property of the chalcogenide glasses is a direct consequence of their
............... bonding:
a. Covalent. b. Metallic.
c. Ionic. d. Bothb andc:

14. The absorption coefficient () has the following frequency dependence: (ahv) = B(hv —
E4)" where B is constant which depends on the transition probability and E, is the

optical band gap of the specimen and r is an index equals ............ for the direct
forbidden transition.
AL b =
: .3
C. 5 sali
18] e o e o describes the exponential behavior of the absorption edge in the

optical absorption spectra of disordered or crystalline materials and provides information
about the degree of disorder in a material.

a. Tauc equation. b. Urbach equation.

¢. Drude-Lorentz equation. d. Wimple-Di Dominico equation.

1. The following figure shows the DSC traces of AssTesGaio at different heating

rates. Determine the possible phase transitions in the DSC curves. Which one of
these transitions is exothermic and which one is endothermic? Find Tg, Tp, and Tm
for the different heating rates. Determine the activation energy for the crystallization
process, and determine the crystal growth mechanism. (7 marks)

25 Kimin

it

20 K/min
15 K/imin

o/ N
10 K/min AN
B e, S

5 K/min

Heat flow (Arb. units)

325 350 375 400 425 450 475 500 525 550 575 600 625 650
Temperature (K
Page 2 of 7
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Answer the following questions

Question (I): Select the correct answer(s) for the followin Statements: (15 Marks)
1. Glass transition for a higher cooling rate will occur at:
a. Lower temperatures.
b. Higher temperatures.
¢. Does not depend on the cooling rate.
d. More information is needed to make a statement,
2. The best glass-forming alloys have:
a. Higher viscosity. b.  Smallest volume chang, upon crystallization,
¢ Small free volume at T,,. d. All of the above,
KA - is the ability of a material to resist various kinds of rapidly changing stresses

is expressed by the magnitude of alternating stress for a specified number of cycles.

a. Plasticity.
¢. Fatigue strength.

b. Toughness.
d. Ductility.

4. Chalcogenide glasses are amorphous semiconductors that contain at least one of the
elements of the ......... . group in the periodic table:

a. IIIb.
: c. :
5. The glass transition is a:

a. First-order phase transition.
¢.  Third-order phase transition,

b. IVb.
d. VIb.

b. Second-order phase transition.
d. None of the above.

6. A glassy and crystalline material, both formed from the same initial liquid and currently
are at the same temperature, which one has a higher specific volume:
a. The crystalline material has a higher specific volume.
b. The glassy material has a higher specific volume.

¢. Both have the same volume,

d. Cannot be determined from the given information,

7. The crystallization Process of a solid material is an:

a. Endothermic process.
¢. Bothaandb.

b. Exothermic process.
d. Neither a nor b,

8. Which of the following materials may show glass transition:

a. Ionic compounds.
¢. Chalcogenide.

b. Ceramics.
d. Crystalline materials.

9. A fast-cooled liquid above the glass temperature is in a phase known as;

a, Crystal.
¢. Glass.
10.In first-order phase transition,
temperature curve will have:
a. Finite discontinuity.
€. Only slope changed.

at the transition temperature,

b. Gas.
d. Super-cooled liquid.
the enthalpy versus

b. Infinite diécontinuity.
d. None of the above.
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5. A piece of metal has a cutoff wavelength of Aot = 450 nm. Consider illuminating
this piece of metal with two different wavelengths of light: a A1 = 500 nm beam and a A,
=400 nm beam. For each of the two beams, find:

a) The maximum kinetic energy of ejected electrons.

b) What is their speed?

¢) What is their de Broglie wavelength?

Solution:

END OF QUESTIONS....GOOD LUCK
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4. The Bohr model of the hydrogen atom proposed that the electron orbits around the
proton in a circle of radius 5.3 x 10 m. The electric force is responsible for the radial

acceleration of the electron. What is the speed of the electron in this model?

Solution:

bl

N\



3. Given that the force constant for the
=1.0078 u and m( *cl) = 34.969 u,
the vibration wavenumber of this

Solution:

'H 3¢l molecule is 5157Nm",

calculate, in tfle harmonic oscillat
molecule.

and that m('H)
Or approximation,

10






C. Problems: Answer the following questions. [30 marks]

1. An electron, a proton, and a photon each have a wavelength of 0.24 nm. For each one,
find the momentum, the energy, and, where relevant, the accelerating voltage needed to
achieve that wavelength.

Solution:



B. True or false questions (Answer only Ten question). [5 marks]

No. Statement TorF

1. | The Zeeman effect refers to the splitting of atomic energy levels in the
presence of a static magnetic field.

2. | When an atom is placed in a magnetic field, the magnetic dipole moment
associated with the angular momentum of electrons interacts with the
magnetic field.

3. | The Stark effect describes the splitting or shifting of atomic energy levels in
the presence of an electric field.

&. | The work function is the minimum amount of energy required to remove an
electron from a metal's surface to infinity.

5. | Bohr proposed that the angular momentum of an electron revolving in energy
shellsis given by: m,vr = nh/2m

6. | Bohr Atomic Model Theory fails to explain the effect of magnetic field on the
spectra of atoms. It also failed to explain the Stark effect and Heisenberg
Uncertainty Principle.

7. | Bohr Atomic Model Theory fails to explain the effect of magnetic field on the
spectra of atoms. It also failed to explain the Stark effect and Heisenberg
Uncertainty Principle.

&. | According to Bohr, electrons move around the central nucleus in a fixed
circular orbit. These orbits of specific energies and are also referred to as
energy shells or energy levels.

9. | The electromagnetic spectrum is the range of frequencies of EM radiations
along with their associated wavelengths and photon energies.

10. | The Pauli exclusion principle basically helps us to understand the electron
arrangements in atoms and molecules, and it also gives an explanation for the
classification of elements in the periodic table.

11. | There are two salient rules that the pPauli exclusion principle follows:

o Only two electrons can occupy the same orbital.
o The two electrons that are present in the same orbital must have
opposite spins, or they should be antiparallel.

12. | The movement of particles or molecules from one point to another within the
same axis is known as translation motion.

13. | Rotational Motion is the movement of particles around the axis.

14. | The motion of electrons from higher energy state to lower energy state or

lower energy state to higher energy state is called electronic motion in other
words movement of electrons from orbitalto orbital.

, e




45. As per Bohr model, the minimum energy (in eV) required to remove an electron from
the ground state of doubly ionized Li atom (z=3)is:
a) 1224 eV b) 40.8eVv c) 1.52ev d)13.6 eV

46. Raman effect is scattering of
a) Atoms b) Molecules c) Protons d) Photons

47. The elastic scattering of photons is called as

a) Atmospheric scattering b) Rayleigh Scattering
c) Conserved Scattering d) Raman Scattering
- 48. In Raman spectroscopy, the radiation lies in the
a) Microwave Region b) Visible Region
c) UV Region d) X-ray Region

49. The ratio of wavelengths of the last line of Balmer series and the last line of Lyman
series is

a) 0.5 b) 2 c) 3 d)4
50. According to Bohr model, the orbital angular momentum of electron in the orbit n=2 is
“a)h b) h/2n ¢) h/m d) h/i4rx

51. If J be the angular momentum of an electron in an Bohr orbit then orbit radius is equal
to:

a) Jmy b) J2my c) J2mm d) mJ/2nv
- 82. The angular momentum of electron in n** orbit is given by
a) nh b) h/2rn ¢) nh/i2n d) n’h/2n

53. Bohr's atom model assumes
a) The nucleus is of infinite mass and is at rest.
b) Electrons in a quantised orbit will not radiate energy.
¢) mass of the electron remains constant.
d) All the above conditions

54. The electronina hydrogen atom first jumps from the third excited state to the second
excited state and subsequently to the first excited state. The ratio of the respective
wavelengths, A1/A2, of the photons emitted in this process is:

a) 20/7 b) 27/5 c) 7/5 d) 9/7



$4.The different types of energies associated with a molecule are

a) Electronic energy b) Vibrational energy

c) Rotational energy d) All of the mentioned
85. Spectrum applies specifically to a

a) range of energy. b) range of speed

c) range of d) range of wavelengths or frequencies.
$6.The correct order of different types of energies is :

a) Ee>>Evib >>Ert >>Er b) ) Eei >> Erot >> Evib >> Etr

) Ee>> Evib >> Etr >> Erot d) Eer >> Evib >> Erot >> Eel

87. Light of wavelength 4000 A is incident on a sodium surface for which the threshold
wavelength of photo-electrons is 5420 A. The work function of sodium is :

a) 5eVv b) 5.29 eV c) 2.29eV d) 2eV
88. Photoelectrons stopping potential depends on Photoelectrons stopping potential
depends on

a) Frequency of incident light and nature of the cathode material.
b) The intensity of the incident light.
c) The frequency of the incident light.
d) Nature of cathode material.
39. A proton has four times the momentum of an electron. if the electron has a de Broglie
wavelength Ae, what is the de Broglie wavelength of the proton?

a) A, b) A./4 o 44, d) 161,

40.What is the wave number of an radiation moving with the speed of light, with a
frequency of 6x10 Hz.? ;

a)1.2x10°m™ b)2.0x10°m™ c) 0.5x10°m™ d)4.6x10°m™

41.The region of electromagnetic spectrum for nuclear magnetic resonance is

a) Microwave b) UV-rays c) Infrared d) RF
42. The minimum energy required to remove an electron is called

a) Stopping potential b) Kinetic energy

¢) Work function d) None of these
43. Zeeman effect is the splitting of spectral line in the presence of

a) Electric Field b) Magnetic Field

¢) Inert Environment d) Vacuum

44, The splitting of spectral lines because of electric effect is known as

a) Zeeman effect b) electromagnetic effect
c) Stark effect d) None of these
5
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23.The principle quantum number is related to:
a) The shape of the orbital.
b) The spatial orientation of the orbital.
¢) The average distance of the most electron-dense regions from the nucleus.
d) The number of electrons.
24.The spin quantum number (m;) can have a value of:
a) -1/2,+1/2 b) 1/2,-3/2
c) +1,-1 d) 0,+1
25.According to Heisenberg’s uncertainty principle, the more accurately we know about a
subatomic particle’s momentum, the less we know about its precise:
a) mass b) speed c) location d) energy
26. Asodium surface is illuminated with light of wavelength 300 nm. The work function for
sodium metal is 2.46 eV. Find the maximum kinetic energy of the ejected photoelectrons.
a) 4.13 eV. b) 2.46 eV. c) 1.67 eV. d) 6.59 eV.
‘ 27. What is the Pauli Exclusion Principle?
a) An atomic orbital can only hold a maximum of 2 electrons, each with opposite spins.
b) An atomic orbital can hold a minimum of 6 electrons, each with opposite spins.
¢) An atomic orbital can hold a maximum of 6 electrons, each with the same spin.
d) An atomic orbital can hold a minimum of 2 electrons, each with opposite spins.
28. Which of the following set of quantum numbers is not valid?

a) n=5,1=2,m=0,s=1/2 b) n=1,1=22,m=0,s=1/2
c) n=5,1=3,m=2,s=1/2 d) n=5,1=2,m=0,s=-1/2

29. What is the ratio of minimum to maximum wavelength in the Balmer series?
a) 5:9 b) 5:36 c) 1.4 d) 3:47

30.Find out the minimum energy required to take out the only one electron from the ground
 state of Li?
a) 13.6 eV b) 122.4 eV c) 25.3eV d) 67.9eV
31. What is the energy required to ionize an H-atom from the third excited state, if ground
state ionization energy of H-atom is 13.6 eV?
a) 1.5eV b) 3.4eV c) 13.6 eV d) 12.1eV
32.The work function of lithium is 2.5 eV. The maximum wavelength of light that can cause
the photoelectric effect in lithium is
a) 3980 A b) 4980 A c) 59804 d) 6980 A
33. The Kinetic energy of a photoelectron emitted on shining a light of wavelength
6.2X10¢ m on a metal surface of work function 0.1 eV is:

a) 0.01eVv b) 0.02 eV c) 0.1eV d) 1eVv
| 4



14. Which atomic orbital is spherical in shape?
a) 2s b) 3p c) 3d d) af
15.A neutral atom of an element has 2 electrons in the first energy level, 8 in the second
energy level and 8 in the 3™ energy level. This information does not necessarily tell us: :
a) The atomic number of the element. :
b) The total number of electrons in s orbitals.
c) The total number of electrons in p orbitals.
d) The number of neutrons in the nucleus of an atom of the element.

16. Which statement about the four quantum numbers which describe electrons in atoms
is incorrect? ‘
a) n = principal quantum number,n=1, 2, 3, ......
b) |=subsidiary (or azimuthal) quantum number,1=1, 2, 3, ..., (n+1)
c) m = magnetic quantum number, m; = (-l), ..., 0, ...., (+l)
d) m; = spin quantum number, m; = +1/2 or -1/2.
17. The maximum number of electrons with | =3 is

a) 14 b) 2 c) 10 d) 6

18. If 5eV of energy is supplied to an electron with a binding energy of 2.3eV, with what
kinetic energy will the electron be launched?

a)4.2.3eV b) 4.7.3eV c) 4.11.5eV d) 2.7ev

19. A500 nm photon of light strikes a semi-conductive surface with a binding energy of 2eV.
With what velocity will an electron be emitted from the semi-conductive surface?

a) 8.38x10°m/s b) 9.33x10°m/s ¢) 3x10®m/s d) 4.11x10° m/s
20. The quantum mechanical model describes electrons as:

a) Particles b) Waves

c) Particles with wave-like properties d) Small, hard spheres

21. Heisenberg’s Uncertainty Principle states that the ___and ___ of an electron cannot
be known simultaneously.

a) Position, mass b) Position, charge
c) Momentum, speed d) Position, momentum

22, There are ___types of quantum numbers.

a) 2 b) 7 c) 4 d) 5
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5. What will be the longest wavelength in the Balmer series of hydrogen spectrum?
a) 6557x10m b) 5557x10"° m €) 9557x10"°m d) 1557x10°m
6. A hydrogen atom in its ground state absorbs 10.2 eV of energy. What is the orbital
angular momentum is increased by? :
a)4.22x 103 Js b) 2.11x1034 Js c) 3.16x10% Js d) 1.05x1034 Js
. 7. Which of the following is true regarding the Bohr model of atoms?

a) Assumes that the angular momentum of electrons is quantized.

b) Uses Faraday’s laws.
c) Predicts continuous emission spectra for atoms.
d) Predicts the same emission spectra for all types of atoms.

8. Hydrogen atoms are excited from ground state to the state of principal quantum number

4. Then, what will be the number of spectral lines observed?

a) 3 b) 6 c) 5 d) 2
9. When a hydrogen atom is in its first excited level, what is the relation of radius and Bohr
radius?
a) Twice b) 4 times c¢) Same - d) Half

10. What is the wavelength of electromagnetic radiation which has a frequency of

4.464x10" s™? .
a) 1.338x10m b) 1.489nm -¢) 1.489x10° m d) 6.716x107 m

11. What is the wavelength of electromagnetic radiation which has a frequency of 5.732x

10*s™?

a) 1.718x10% m b) 1.912x 10° m c) 5.230x107 m d) 523.0 m

. 12, What is the electronic spectra in the visible range span?
a) 12500-25000 cm'™ b) 25000-50000 cm™*
c) 25000-72000 cm™ d) 15000-30000 cm™

13. According to the uncertainty principle for an electron, time measurement will become
uncertain if which of the following is measured with high certainty?
a) Energy b) Momentum c) Location d) Velocity
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Answer the required questions in section A, B and C,

A. MC Questions. Answer 30 Question Only: (Select the best answer) - (15 Marks)
1. Asubshell of an atom contains a maximum of electrons.
a)al-2 b)al +2 c2l+1 d) 2n?
2.The radius of the Bohr orbit depends on which of the following?
a)1/n b) n c) 1/n? d) n?
3. Photoelectric emission occurs only when the incident light has more than a certain
minimum
a) power b) wavelength c) intensity d) frequency

4. The work-function of a metal is

a) The minimum current required to take out electron from the metal surface.
b) The maximum frequency required to take out electron from the metal surface.

¢) The minimum amount of energy required to take out the electron from the metal
surface. :

d) None of these.
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