Assiut University Term: 2" 2018
Faculty of Science Date: 13-5-2014
Department of Physi Time allowed: 3 hours

Answer the following questions:

Q1: Chose the correct answer in th following. (10 marks)

1- Nano materials are: (a) Small volume materials
(b) Having grain size about 100 nm and down,(c) Having grain size of 1 nm.
2- Properties on nanoparticles differ from bulk materials:(a) due to

the large surface area to volume ratio ,(b) less number surface atoms. (b), (¢)
impurities.
3- When a metal particle having bulk properties, is reduced in size,

the density of states :(a) increases. (b) decreases.(c) remains same.

4- Nanosized particles are chemically very active because:
(a) of their small size: (b) number of surface atomss is less.
(c) the number of surface atoms is more.
S- In the fabrication of nanoparticles, macro-crystalline structures are broken
down to nanocrystalline structures in: (a) chemical vapour deposition. (b) ball
milling. (¢) electro deposition .
6- The surface area to vol ume ratio of a sphere with radius 1 cm is R1 and that
of a sphere with radius 5 cm is R2. Then Rj=...... R;:
@3 .. .BO13 (95,
7- The mechanical strength of nano material becomes:
(a) Larger (b) smaller (c) does n't change.
8- Only ( the classical models ,quantum mechanical models ,or both); can
describe the motion and energy of the nanomaterials.
9- In nano-materials: with decrease of size, the inter-atomic spacing:
(a) increases (b) decreases _ (c) first increases and then decreases.
10 - The dens1ty of states for the two dimensional material is described by:
(a) parabolxc functlon o (b) step function , (c) Delta function.

Q2- (a) Given the following data for GaAs:  m.=0.067 my , m; =0.45my, &=

12.4 : Calculate 1- The effective mass. 2-ExcitonBohr radius (5marks).
(b) Write about quantum confinement effect in nano materials. (5marks).

Q3-
a- erte True (T) or False (F) in the following: (5 marks)

(1) Tunlng 'the size of semiconductor nanocrystal is a method for
tunning the band gap ,hence the wavelengthof light absorbed or
emitted by the crystal.

(2)- Quantum confinment effect causes the enrgy gap to increase,
therefore more energy is ! needed in order to be absorbed by the
material. SIS AT e e o



(3)- High surface area to volume ratio provides a strong driving
force to speed up thermodynamic processes that minimize free
energy.

(4)- As the size on nanocale reduced , the fraction of atoms on the
surface of the nanocrystal grows larger and larger.

(5) When the frequency of Plasmon oscillation is the same as the
frequency of light that it generates it (i. e., the incident light), the
plasmon is said to be in resonance with the incident light.

(b) Explain how an atomic force microscope works and mention the
modes of operation . (5 marks).

Q4-

Write about the following: (10marks)
1- Ball milling (mechanical attrition) method.

2- Sol-Gel technique for synthesis of nano materials .

3- Ultrasonication method for synthesis of nano materials.

QS write about :
1- Basic types of low-dimentional semiconductors, according
to dimensionality.
2- Types of defects in solid nanomaterials.
2-_The Scanning tunneling microscope. (10 marks)
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With my best wishes/ Prof .dr. Aly Othman
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Final Exam-Second Term: (2017/2018) - Course Title: Physics of Low
Temperature P- 422- Time: 3h - Prof. Dr. Ahmed Sedky
Answer the folfowing questions:
2110 marks):

{a) In terms of G-L theory, discuss only the main difference between type (I) and type (II).

(b) Calculate the T, and H(0) for type (I) if He = 7616 Oe at 12 K, and 4284 Oe at 16 K.

(¢) Prove that BCS energy gap at 0 K is given by 3.52KT..
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ta) Calculate the T, of type (IT) superconductor if Hc, (0) = H™(0).

{b) Explain how you can determine the flux creep activation energy of flux bundles.

(¢) Write the type of structure, Tt, J. (0) and H, (0) values for ¥:123 and Hg: 1223 systems.
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tyvpe (1) superconductor can carry surface sheath.

1ux flow resistance along a flat strip in mixed state

) E¢plain how you can determine the t
P o 17 v

-

(¢) Write only the physical meaning of London depth and then calculate London depth at 25
K for a superconductor if 1 (0) =0.51 pm and T, = 100 K.
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a ite short account aboyt BCS electron-lattice interaction for Cooper pair. ’
’ {

(b) Clarify in detai]s how you can determine the resistivity of superconductor.

(¢) IfA = 1.2 nm and Ka1=10.955, calculate by nm the Space of vortex lines when
pr increzsed up to 2p,,.
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A
(@) Determine only the expected size of BCS Copper pair i superconductors. \
(b} Celeulate the surface energy, difference in free energies and Hes of type (II) if A= 1.2
nm, & = 0.5 nm. ‘ ¥
i

In terms of entropy, derive the relation between the specific heat and H, in
conductors.

-



7) For the following program, what will be printed?
program test
x1 =1.0
x2 = 2.0
call calc(x2,x3)
x1=2%*x1
write(*,*)x1,x2,x3
stop
end
subroutine calc(yl,y2)
xl=yl**2
y2=x1+3
return
end

a)2.0 2.0 7.0 b) 4.0 2.0 7.0 ¢) 1.0 2.0 4.0 d) 1.0 4.0 7.0

8) What will be printed for value of variable "ans" in the following FORTRAN?
x=1.0
y = 2.0
ans=0.0
if(x.gt.0.0.and.y.1t.10.0.and.y.ne.2.) then
ans=1.0
x=-1.0
elseif (x.1t.0.0) then
ans=2.0
else
ans=3.0
end if
write(*,*) ans
end
a) 0.0 b) 1.0 ¢)2.0 d) 3.0

9) A function subprogram differs from subroutine in which of the following:

a) function name's type must be declared, but no type declaration for subroutine name
b) many variables can enter function subprogram, but one variable can enter subroutine
¢) one variable can enter function subprogram, but many variables can enter subroutine
¢) function subprogram returns many values, but subroutine returns a value

10) The variable y is declared Logical. Which of the following is a valid statement?
a)y = 'Yes' b)y = .Yes. ¢)y = .True. d)y = '"True'
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Question (3): Numerical Methods: Circle the correct choice: (6_Marks)

1) The Newton-Raphson method fails when:
a) f'(x) is negative b) f'(x) is too large  ¢) f'(x) is zero " d) never fails

2) In false position method, in the range of [a, b] for a real continuous function f(x),if
f(a)f(b) > 0, then there is (are):
a) no roots b) at least one root ¢) two roots d) none of them

3) In false position method, in the range of [a, b] for a real continuous function f(x), the
first approximation is:

_ bf(a)—af(b) __af(a)-bf(b)

af(b)-bf(a) bf(b)—af(a)

= — b =t - = =

) X1 = ") f ) ) X1 = ) f @) )= gw VT @
4) By applying Simpson’s 3/8 rule the number of sub intervals (divisions) should be:

a) odd b) even ¢) odd or even d) multiple of 3

5) By applying Trapezoidal method the number of sub intervals (divisions) should be:

a) odd b) even ¢) odd or even d) multiple of 3

6) Linear interpolation is called:

a) first-degree interpolating polynomial b) second-degree interpolating polynomial
¢) third-degree interpolating polynomial d) none of them

7) Using Euler’s method, solve % = E;—, y(0) = 1., the value of y(0.1) in two subintervals is:

Solution: Euler’s method formis: y; 1 =

Xo = y Yo = ,—x—: ,yn=. s W =

a) 1.0000 b) 1.0050 ¢) 1.0075 d)1.0099

8) Using Simpson’s method, integrale [ : sin(x) dx in two subintervals is:
Solution: Simpson’s method form is: 4; =

xa: 7xb: ,n: ,W=

a) 1.0000 b) 1.5704 ¢) 2.0000 d) 2.0946
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Question (2): FORTRAN Simulation: Solve the following problems: (5 Marks)

In the experiment of determination the focal length of convex lens, you have the data:

object distance x (m) 30 32

34 |, 36 | 38 |

_image distance y (m) 15 14.54

14.17 | 13.85 | 13.57 |

If you know that the focal length f is given by the following relation: % = % + %

Write a Fortran program to simulate this experiment by building the main program as:

Page 3 of 14

Values of x are declared as real array and varying by step 2 from 30 to 38 in do loop.
Values of y are declared as real array and stored in data block.

Focal lengths f are declared as real array and calculated at each given data in do loop.
In the do loop, write on the screen the values of x, y and f .

Calculate the average focal length and store it as real variable called average.

Write on the screen the average focal length as: ‘average f =’ the average.



The calculated Lagrange coefficients are:

The length in cm at weight 70 gm using Lagrange polynomial is:
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Question (4): Physical Measurements: Solve the following proplems: (9 Marks)

1) The experimental data between the expansion x of the length, of a copper wire under the
influence of different weights w is given by:

w(gm) 0 | 50 | 100 | 150 | 200
X (cm) 0 10.0130 | 0.0251 | 0.0387 | 0.0520
Find the length in cm at weight 70 gm using linear interpolation. (3 points)

Solution:

The linear interpolating function p(x) is:

By substituting the data points ( 3 ) and ( 5 ) into the equation p(x), we get:

2) Find and calculate Lagrange polynomial equation that passes through the 3 data points:

‘w(em)| 50 | 100 | 150 (6 points)
x (cm) | 0.0130 | 0.0251 | 0.0387

Then calculate the length in cm at weight 70 gm using Lagrange polynomial
Solution:

The Lagrange interpolating polynomial function for the 3 data points has the form:

where x, = f(xo) = X E= %) = , Xg = S (xz) =

The Lagrange coefficients in product general form are:

Page 5 of 14
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Question (5): Physical Measurements: Solve two only of following: (20 Marks)

1) A simple circuit with resistance R, capacitance C in series with a battery of voltage V.
The charge Q at any instant time 7 is given by:
Q = CV[]_ - e“t/(RC)
Write a FORTRAN program with Newton-Raphson method to find the capacity C of
the capacitor at t = 0. 004 if you know that, R = 2000,V = 10 and Q =0.00001.
Consider the initial value is 10”7 and the tolerance is 107 . (10 points)

Solution:

Rearrangement of the equation to be in the form fx)=0:

The variable x refers to into original equation.
The derivative f'(x) =

The Newton-Raphson form is: Xip1 =

The initial value Xg =

The Program:

Page 7 of 14
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2) In blackbody experiment, the following data represent the emitted radiation cnergy
E(A) as a function of emitted wavelength 4 at a constant temperature T.

“*/1+' 1 [ 15 ] 2 2.5 3 | 35 | 4 l45’ 5 l 5.5 r 6

EQ| 3 7 9 | 10 | 8 | 6 | 5 | 4 | 35 34 33

Write FORTRAN program using Trapezoidal method rto find the total emitted radiant
energy. (10 points)
Solution:

The width of each trapezoid is given by:

The Trapezoidal method equation has the form:

Number of iteration is:

The Program:

Page 9 of 14
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3) For radioactive element, the rate of decay is given by: ‘—:g = —AN , where N is the

number of radioactive nuclei of the element at any instant time ¢ and 4 is the decay
constant. Consider the number of radioactive nuclei at the beginning of the experiment
is 10° nuclei,and 4 = 0.5 .
Write FORTRAN program using extended Euler’s method to:
e Calculate the number of radioactive nuclei N at time t = 7 s.
e If you know that the number of radioactive nuclei at any instant time ¢ can be

calculated by radioactive decay law: N = N, exp(—At), then:

o In the program, write on screen the absolute error between calculated values of
N by using both extended Euler’s and radioactive decay law at time t = 7 s.

Solution: (10 points)

Write the ordinary differential equation in the form Of% :

dy N
= where f(x,y) =
The variable x refers to into original equation.
The variable y refers to into original equation.

The derivative f'(x,y) =
The extended Euler’s method has the form:

The initial condition x, = » Yo =

Find the solution at x =

The Program:
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Draft Page

Page 13 of 14



Draft Page

End of Exam ... BEST WISHES Instructor: Dr. Sherif Rashad MOKHTAR
Page 14 of 14



Draft Page

End of Exam ... BEST WISHES Instructor: Dr. Sherif Rashad MOKHTAR
Page 14 of 14



Ql

(1 a) Lithography fabrication
Steps Used in Photolithography : rearrange the steps to produce the

pattern F, write the process

S
R i 4
| ; ’ , A

A B G .
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Assiut University
Faculty of Science
Physics Department

Final Exam

Thin Film Applications 492

06/05/2018
Time : 3 hrs

Date : 25 May 2018

Answer the following questions (5):
(( each question 10 points ))




Q2

Flash Evaporation

1.1 Write the following components

A

B
&
D

ey}



Steps symploe Name of process

N[N IWIN|—

(1b) What is Lithography?

(1 c) What is the components of photolithography ?




Steps symploe Name of process

N[N IWIN|—

(1b) What is Lithography?

(1 c) What is the components of photolithography ?




1.2 Write the steps to obtain thin film deposited on the substrate E ?
1

2



(4 ¢) Inthe electro-plating cell ,the weight of the deposited metal ( W)
and the average deposited metal thickness ( X ) are given by the

following relations :

il M.It

W= x=
Z p. Az F

Nickel is plated from a Watts bath at a current density of 4 A dm™.
The current efficiency is 96%.

The molar mass of nickel is 58.71 g mol™.

The density of nickel is 8.90 g cm™.

The Faraday constant is 96 485 C mol™.

What will be the averaged plating thickness in 3 hours ?

A



Q4

(4a) Sketch the electro-plating cell , and show how it work ?

(4b) In the electro-plating cell , the average deposited metal thickness

depends on :

gy g gor i B



Q5

(5 A) Identify the technique which is suitable for the preparation of the

following thin films :

material Melting point C | Method
Se 280

Gold Au 1132

Tungsten W 3380

Carbon C 3799

Cd, Se; alloy | 1050

NaCl 850

(5 b) What distinguish Flash evaporation method ?

(5 ¢ ) Rates of evaporation and condensation can vary dependent upon :




(4 d) Sketch the diagram for each of the following , then describe the

function of each part :
a — Vacuum rotary pump

b — Cold cathode vacuum guage

¢ — Diffusion pump



(5d) Sputtering

What is the sputtering process

Define A,Band C

y 3 .
H /

N,
b A -
s

(5E) Compare between sputtered and evaporated films ?

R
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