Q2 (10 marks)
(a) Explain in detail why the energy gap evaluated using BCS theory is not applicable when the T

>40 K.

(b) Prove experimentally that you can easily determine the flux flow resistance along a flat strip of
type II superconductor in mixed state.
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Q3 (5 marks) Choose True (T) or False (F):

1- Superconductors can be used to increase the friction of the superconducting trains.

(@ F ®T

2- The sign of the thermoelectric power of a superconductor is usually negative.
(@ F - T

3- The electron pairs require less energy than their binding energy for breaking.
(a) F ®) T |

4- In the mixed state, y(r) decreases over a length equal to &
(@ F ®T

5. When FL > Fj, the vortex lines will flow with zero resistance in the mixed state.

(@ F ®T

04 (20 marks) Chose the correct answer (MCQ: (M Jsaadl (A o Lsa) 0gd)

1 2 3 4 5 6 7 8 9 |10

11 12 13. 14 15 16 17 18 19 (20

1- The specific heat of a superconductor at Te equals;

(a) Zero (b) =3Cen (c) << 3Cen
2-1fHe (0)=5 Tand Tc= 150K, then He (100 K ) equals;
(a)2.877T (b) 2.778T (c)2.718 T =
3- The field at London depth equals;

(a) B(a) (b) (1/e)B(a) (¢) Zero

4- If M0)= 5.1 nm, then Hei equals;

(a)11.67T (b) 12.67T (©13.05 T

5- The G-L parameter of type an superconduct,oré is

(a) keL>0.707  (b) KeL = 0.707 (€) KoL=0%607

6- The surface sheath of type (I) supercqnductors occurs when:
(a) KeL>0.319 () KoL <0419 ' (¢) KeL>0.419
7-1f He = 4.1 T, then Hes equals; _ ;

(a) 6.949 T (b) 6.967 T (c)6.937T

8-IfT.=110K fora superconductdr, y=0.0 125, then He(0) of BCS equals;
(a) 14569 T (b) 14.780 T (c)14.699 T




9-If£=0.81 um and A = 0.6 um, then 8y equals;
(a) 8.06x10” H, (b) 8.96x10” H. (c) 8.36x10”° He ;
10- If G-L parameter xc. = 0.511 and He = 0.21 T, then Hea equals; '

(2)0.149T (b) 0.137T (¢)0.152T
11-IfG-L parameterkGL =0.511 and H. = 0.21 T, then Hcs equals;
(a) 0.257T (b) 0.247 T (¢)0.237T

12- If n(0) = 12.16 x 102! em3, Te = 150 K, then n (100 K) equals;
(a) 9.758 x 10* /em® (b) 9.558 x 102! /em® (c) 9.798 x 107! /em
13-If Te= 150 K, % (0) = 0.51 pm, then A (100 K) equals;

(a) 0.569 pm - (b) 0.549 pm (¢) 0.579 pm
14- IfEc = 0.112 J and f(T) = 0.958 T , then £;(T) equals;
(a) 1077 (b) 1.061 J © (¢)1.081 J

15-1f He2 =20 T, pa= 5x 10 (Q.m), then y for Hg:1223 under pressure.equals;
(2) 0.0789 (J/KgK) . (b)0.069 (I/Kg.K) (c) 0.088 (J/Kg.K)

16- The crystal structure of La: 214 is :
(a) orthorhombic (b) tetragonal (c) orthorhombic or tetragonal

17- The upper critical field of the SmFeAsO superconductor equals
(@ 10T (b)8T o (©120T

18- The T. of Bi:2223 is more than the T of
(a) Bi:2212 (b) Y:123 (c) Both of them

19- The crystal structure of the Y:123 superconductor is
(a) monoclinic (b) hexagonal _ (c) orthorhombic

20- The highest T, could be obtained for a superconductor is '

(a) 127K (b) 136K (©) 165K
Q5 (5 marks) ‘
Write short notes about the main objective and different applications of superconductors.
r
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Q1: Multiple Choice Question (MCQ): [30 Degree]
1 | A quantity having discrete numerical values is ]
(a) an analog quantity (b) a digital quantity
(c) a binary quantity (d) a natural quantity
2 | The term bit means
(a) a small amount of data (byalora0
(c) binary digit (d) both answers (b) and (c)
3 | The 2’s complement of 1000 is
(a) 0111 (b) 1000 (¢) 1001 (d)1010
4 | A pulse in a certain waveform has a frequency of 50 Hz. It repeats itself every
(2) 1 ms (b) 20 ms (c) 50 ms (d) 100 ms
5 | In a certain digital waveform, the period is four times the pulse width. The duty cycle is
(2) 25% (b) 50% (c) 75% (d) 100%
6 | The fractional binary number 0.11 has a decimal value of
(2) Ya ) 2 (c) % (d) none of the above
7| The hexadecimal number 2C has a decimal equivalent value of
(a) 14 (b) 44 (c) 64 (d) rione of the above
8 | The decimal number 21 is equivalent to the binary number
(a) 10101 (b) 10001 (c) 10000 (d) 11111
9 | The time measurement between the 50% point on the leading edge of a pulse to the 50% point on the
trailing edge of the pulse is called the ‘
(a) rise time (b) fall time (c) period (d) pulse width
10 | If the period of a clock signal is 500 ps, the frequency is
(a) 20 MHz (b) 200 MHz (¢)2GHz (d) 20 GHz
11 | The binary number 10001101010001 101111 can be written in hexadecimal as
(a) AD467a6) (b) 8C46F (16) (c) 8D46F (6 (d) AE46F a6
12 | The binary number for decimal 473 is .
(a) 111011001 (b) 110001110011 (¢) 010001110011 (d) 010011110011
13 | The binary number 101 100111001010100001 can be written in octal as
(a) 5471230 (b) 5471241 (c) 2634521® (d) 23162501 ®
14 | The 1’s complement of 11110000 is *
(a) 11111111 (b) 11111110 (c) 00001111 (d) 10000001
15 | The 2°s complement of 11001100 is
(a) 00110011 (b) 00110100 (c) 00110101 (d) 00110110
16 | Ad16+F516
(2) 199 (b) 190 (c) 189 (d) 180

1



6016 - 3916

(a) 28 (b) 27 (c) 26 (d) 25
111+101

(a) 1100 (b) 1000 (©1010 __ (d)1001
110~+11

(a) 11 (b) 10 ©1 (d) 01
7268 % 33

(a) 2602 (b) 2502 (c) 2402 (d) 2302




Q2: Multiple Choice Question MCQ): [20 Degree]

Round off the following numbers to three significant figures

1 | The number (38.46235)

() 385 (b) 384 (c) 38.46 (d) 38.0
2 | The number (0.0022218)
(a) 0.002222  (b) 0.00222 (c) 0.0022 (d) 0.002
Assume that we have the two numbers x=3.221 and y=3.222. Find the absolute and relative errors for the
quantities X+y.
3 | The absolute errors
(a) 0.1 (b) 0.01 (c) 0.001 (d) 0.0001
4 | The relative errors to two significant figures
(a) 0.00 (b) 0.001 (c) 0.0015 (d) 0.0016

5 | Three approximate values of the number 1/3 are given as 0.30, 0.33 and 0.34 which of these three value

is the best approximation?

(2) 0.30 (b) 0.33 (c) 0.34
2

Calculate the absolute and relative errors in evaluating the quantity U = "_ZZ where x =8+ 0.08,y =5+ 0.1,
andz=10%0.1.
6 | The absolute errors

(2)1.6 (b) 0.16 (c) 0.016 (d) 0.0016
7 | The relative errors

(&) 0.5 (b) 0.05 (c) 0.005 (d) 0.0005

Find the absolute, relative and percentage error of the number 8.6 if both of its digits are correct.

8 | The absolute errors

(@0.5 (b) 0.05 (c) 0.005 (d) 0.0005
9 | The relative error to 3 significant figures

(a) 0.005 (b) 0.0058 (c) 0.00581 (d) 0.005814
10 | The percentage error to 4 significant figures

@0.5 (b) 0.58 (c) 0.581 (d) 0.5814

Using lagrange’s formula, find the value of f(x) from the table given below, then compute f(1) and £ (5).
X -1 0 |2
fx) | 2] -1 15

11 ] (%) =
(a) 2x*-x-1 (b) 2x-x (©) x*x-1_(d) 2x%-2x-5
12 | ()=
@0 ®1 ©-1 ~ @-5
13 | f(x) = r
(a) 44 ®)5 © 19 (d)35
Find the value of f(x) from the table given below, then compute (1) and £ (5).
X 1 3
fx) | 4 | 2
14 [ f(x)=
(a) 3x+7 (b) -3x+7 (c) -3x-7 (d) -7x+3
15 £()=
(a) 10 (b) 4 () -10 (-4




T16

£(5) =
(a) 22 (b) -8

-
() -22 (d-32

Tn a laboratory experiment, the following readings were recorded for temperature (X

metal wire (y).

Find a linear relationship betwe
50°C. Also, find the correspond

) and the length of a

X 0 10 |20

y | 1501525 155

en x and y. Then determine the length of the metal wire at x=15°C and at
ing temperature X for a length of y=153 cm.

17 | a linear relationship between x and y

(a) y= (1/4)x+150 (b) y=4x+150 (@ y= (U4x-150 (d)y= 4x-150
18 | at x=15°C

(a) y=153.75 (b) y=210 (c) y=-146.25 (d)y=-90
19 | atx=50°C

(a) y=162.5 (b) y=350 (c)y=-137.5 (d)y=50
20 | aty=153

(a) x=12 () x= 0.75 (c) x=1212 (d)x=75.75

Best wishes,,,, .

Dr. Ghada Salaheldin
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Important: | No. of pages: 1 | No. Of questions: 5 | Total Mark: 50 degree

Answer the following questions:

Q1 (10 marks)

(a) State only the reason for using potassium bromide (KBr) in FTIR spectra, and then explain in
detail how you can use the FTIR data to determine the Debye temperature, Young's modulus, and
hardness of a material.

(b) Write a short account about the different types of nanomaterial dimensionality.

Q2 (10 marks)

(a) Explain in details how you can determine the crystallite size, porosity, and Poisson ratio of a
material.

(b) With the help of schematic diagrams, state the physical parameters that could be obtained
from thermal characterizations, indicating the physical meaning of exothermic and endothermic.

03 (10 marks)

(a) Explain how to determine the activation energy of an n-type semiconductor's and then
calculate the activation energy and mobility of ZnO at RT when ¢ =2.20 x 107 Q! em™, 6o =
454x10° Q' ecm™, and n= 10" cm™.

(b) Define the Urbach tail of an n-type semiconductor and then explain by the drawing and
equations how you can determine the N/m* and lattice dielectric constant using optical
measurements.

Q4 (10 marks)

(a) Explain how you can use photocatalysis in obtaining green energy.

(b) Explain with drawings and equations how you can use the photocatalytic measurements for
evaluating the catalytic activity and degradation rate.

Q5 (10 marks) r
(a) State only the difference between the size of grain and particle of a material, and then state
the tool and method used for determining both of them.

(b) Explain the main difference between the mechanism of adsorption and photocatalytic.

Al g



Assint University /
Faculty of Science ; 4
Physics Department 12

L.-"».-l

Course: Nanoelectronics Exam date: 21/5/2026
Code: P402 Exam Time: 2 hours
Final Exam (50 Marks) 25 semester 2025-2026

1** Question: Choose the correct answer: (30 marks; 1 mark each)

DNA'’s information system is:
a) Binary

b) Quaternary

¢) Decimal

d) Hexadecimal

Which of the following best explains why nanoelectronics is required in modern
technology?

a) To increase device size

b) To overcome scaling limitations in conventional electronics

¢) To eliminate quantum effects

d) To simplify fabrication processes

Which technique is used to measure heart electrical activity?
a) EMG
b) EEG
¢) ECG
d) MRI

As device dimensions approach the nanoscale, which phenomenon becomes dominant?
a) Classical mechanics

b) Thermal expansion

¢) Quantum effects

d) Magnetic shieldLng

What is the role of the transducer in a bioelectronic system?
a) Store data

b) Convert biological signals into electrical signals

¢) Display results

d) Control the system

Best base for hole-conduction:
a) Adenine
b) Thymine
¢) Guanine
d) Cytosine

What is a biohybrid system? r
a) Pure electronic system

b) Pure biological system

¢) Combination of living cells and electronics

d) Mechanical system
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8 Quantum tunneling in nancelectronic devices can lead to:
a) Improved insulation

b) Uncontrolled current leakage

¢) Reduced conductivity

d) Elimination of energy barriers

9 What does an electrochemical biosensor measure?
a) Light intensity

b) Electrical changes from chemical reactions

c) Temperature

d) Mass changes

10 ‘Which of the following is a biological recognition element?
a) Battery

b) Enzyme

c) Screen

d) Processor

11 DNA "wires" rely on:
a) Plastic

b) Base stacking

¢) Sugar

d) Copper

12 What does an electrochemical biosensor measure?
a) Light intensity

b) Electrical changes from chemical reactions

¢) Temperature

d) Mass changes

13 What is DNA's main storage advantage?
a) Speed

b) Data density

c) Silicon use

d) Heat resistance

14 What do biosensors detect?
a) Only temperature

b) Only pressure

¢) Biological molecules

d) Light only

15 Folding DNA into shapes is:

a) Splicing

b) Origami

¢) Cloning

d) PCR "
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16 Which statement correctly describes quantum confinement?
a) Electrons behave as classical particles
b) Energy levels become continuous
c) Energy levels become discrete due to size reduction
d) Electrons stop moving
17 Flexible electronics are mainly characterized by:
a) High rigidity
b) Inability to deform
¢) Mechanical flexibility without performance loss
d) High power consumption
18 What is the main goal of bioelectronics?
a) Generate electricity from machines
b) Monitor and control biological processes
c) Replace all biological systems
d) Study only chemical reactions
19 Graphene is widely used in nanoelectronics because it:
a) Has a large bandgap
b) Exhibits low electrical conductivity
¢) Has high electron mobility and conductivity
d) Is mechanically weak
20 Tool used to amplify DNA:
a) PCR
b) Gel
c) Laser
d) Filter
21 Which type of biosensor is most widely used?
a) Thermal
b) Optical
¢) Electrochemical
d) Piezoelectric
22 Which type of biosensor is most widely used?
a) Thermal
b) Optical
¢) Electrochemical
d) Piezoelectric
23 Gordon Moore’s Law is about:
a) DNA replication
b) Transistor doubling
c) Global warming
d) Cell size R
24 What is the main cause of quantum information loss?
a) Decoherence
b) Cooling
c) Software

Page30of4




What is the main application of a iriode?
a) Heat detection

b) Signal amplification

¢) Light generation

d) Voltage reduction

26
What does Moore's Law state?

a) Processor speed doubles every year

b) The number of transistors on a chip doubles approximately every two years
¢) Power consumption halves every year

d) Chip size increases exponentially

27 Which device is used to regulate heart rhythm?
a) Cochlear implant

b) Neural implant

¢) Pacemaker

d) Biosensor

28 What is a Brain-Computer Interface (BCH?

a) Device for measuring temperature

b) Connection between brain and electronic devices
¢) Type of biosensor

d) Medical imaging tool

29 Current DNA computing limit:

a) Error rates

b) Cost

¢) Availability

d) Toxicity

30 Which of the following is an application of bioelectronics?
a) Food decoration

b) Medical diagnostics

c) Painting

d) Construction

Second Part (IT) Answer the following questions (20 Marks)
(20 marks: 5 marks each).

1- What is nanoelectronics and what are its main features.
2- Discuss the components of a typical bioelectronic system.
3- [llustrate the steps of DNA Computing.

4- Write Short notes about the working principle of DNA-Biochip.

r

With my best regards
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Faculty of Science Duration: 3 hr.

Department of Physics Course: Physics of Semiconductor and thin films 451p

Question I: Justify the statements and mark them with true or false in your answer
sheet. (15 points with 1 mark each with a total of 15 marks)
1- In a semiconductor crystal, electrons in the conduction band generally have higher
mobility than holes in the valence band.
2- The exciton binding energy is the main difference between recombination and
generation process in optical excitation.
3- The motion of a hole can be described as a positive charge moving in one direction, while
the actual physical movement is an electron jumping in the opposite direction.
4- Silicon has a larger forbidden energy gap than Germanium, meaning it requires more
energy to move an electron to the conduction band.
5- In Auger recombination, the energy released from the electron-hole collision is
transferred to a third carrier instead of being emitted as light.
6- Diffusion current occurs only when there is a non-zero concentration gradient of carriers
in the material.
7- Band bending occurs in a semiconductor whenever there is a spatial variation in the
electrostatic potential or an internal electric field.
8- In a perfectly ordered single crystal, electronic states "leak"” into the forbidden gap,
causing the band edges to become blurred.
9- Schottky diodes switch faster than standard PN junctions because they rely on majority
carriers and do not store minority carriers.
10- A solar cell works on the same principle as in LED, where electrical energy is used to
create photons.
11- Recombination is a process that returns the semiconductor system toward equilibrium
by removing excess charge carriers.
12- In a solar cell, the internal electric field of the depletion region is essential for
separating generated electron-hole pairs before they can recombine.
13- R-G center (indirect) recombination is described as a one-step process where an
electron falls directly from the conduction band to the valence band.
14- The absorption coefficient is proportional to the incident photon energy powered by
2/3 in case of forbidden direct transitions.
15- The Burstein-Moss Shift results in higher values of the calculated optical energy gap
than the fundamental gap and it was discovered in pure Si crystal.

Question 2: (three points with 3 marks each with a total of 9 marks)
i-  Describe briefly how the recomblnaponf generation processes affect the drift
and diffusion currents.
ii- Describe how the temperature affect the energy gap of intrinsic
semiconductors with equation(s). :
ili- Drive the expression used to determine the depletion region of a PN junction.

Rest of questions in the next page...



Question 3: Write short notes with the diagrams on the following;
(4 points 2 marks each with a total of 8 marks)

i- Indirect optical transition.

ii- Hot probe technique.

iii- Quantum confinement.

iv-  Schottky-Mott rule.

Question 4: build a fair comparison between the following: (6 points 3 marks
each with a total of 18 marks)

i-  Allowed & forbidden direct optical transitions.

ii-  Drift and diffusion currents in intrinsic semiconductors.

ili- LED and Solar cells.

iv-  Optical and electrical bandgaps.

v-  Fermi level in conductors, n-type semiconductor, and forward biased

semiconductor.
vi- Characteristic curves of normal and Schottky diodes under forward and
backward bias.
End of questions
r
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Second Semester- Final Exam2025-2026

Fundamental Physical Constants
Speed of light 4 3x10° m/s
Planck constant - b 6. 63x10'34J s
Gravutatlon constant G 6. 67><10'11 m’kg* s?
Boltzmann constant Kk 1.38x 10'23 /
Molar gas constant R 8.314 J/(mol-K)
Avogadro’s number "N. 6. 023)<1023 mol*
Charge of electron e 1.602x 10"19
Permeablllty of vacuum v ”n 4n ><10 N/A? k
Permlttlwty of vacuum bea ‘8.85x10'12 F/m
Coulomb constant  1/4meo 9x10° N m¥/C?
Mass of electron m, 9.1x 1073 kg
Mass of proton m, 1. 6726)(10'27 kg
Mass of neutron mo 1 6749x10'27 kg
Atomic mass unit u 1.66x 10'27 kg
Atomlc mass umt u 931.49 MeV/c
Rydberg constant R. 1. 097x107 m?
Bohr magneton ﬂs k 9. 27><10'24 T
Bohr radius V a, 0. 529><10'10
PART I: M C Questions: Choose the Correct Answer (15 Marks)

1. According to Bohr’s atomic model, the angular momentum of an electron

in the n™ orbit is:
a) nh

. b) nhi2m

c) n*hi2mw d) hi2mn

2. The radius of the n*" orbit in hydrogen atom is proportional to:

a)n

b) n®

c) 1/in d) 1/n?

3. The energy of an electron in the ground state of hydrogen atom is:

a) -13.6eV

b) -3.4eV

c) +13.6 eV d) +3.4eV



g~ |

4.The Balmer series of hydrogen atom lies in the: ,
a) Ultraviolet region " b) Visible region =
c) Infrared region d) Microwave region

5.The Lyman series of hydrogen atom corresponds to transitions from
higher levels to:

a) n=1 b) n=2 c) n=3 d) n=4
6.The wavelength of the first line of Balmer series (Ha) is approximately:
a) 121.6 nm b) 656.3 nm c) 102.6 nm d) 486.1 nm

7.The ionization energy of hydrogen atom from the ground state is:
a) 10.2 eV b) 12.09 eV c) 13.6 eV d) 3.4eV

8.In Bohr model, the velocity of electron in the ground state of hydrogen is
approximately:

a) 2.2x10°m/s b) 3.0x10°m/s c) 1.1%x10°m/s d) 4.4x10°m/s

9.The shortest wavelength in the Lyman series of hydrogen is
approximately: !

a) 121.6 nm b) 91.2 nm c) 102.6 nm d) 656.3 nm
10. The selection rule for electronic transitions in multi-electron atoms is:
a)Aal=0 b) Al = +1 c)An=0 d) no restriction on A4l
11. In multi-electron atoms, the energy of an orbital depends on:
a) nonly b) L only ¢) both nand [ d) neither n norl
12. Zeeman effect is the splitting of spectral lines in the presence of:
a) Electric field b) Magnetic field
c) Gravitational field d) None of the these L
13. The normal Zeeman effect occurs in atoms with: ' 5
a) Zero total spin (S=0) b) Non-zero total spin (S+0) 3
¢) Any spin value d) Zero orbital angular momentum
14. Stark effect is the splitting of spectral lines in the presence of: 1
a) Electric field b) Magnetic field ‘

c) Both electric and magnetic fields d) None of the these
15. The selection rule for m, in Zeeman effect is: ’

a) Am=0, 1 b) Am~0, 2 c) Am=*1only d) Am=0 only
16. The vibrational energy of a harmonic oscillator is:

a) E,=(v+ %)hv b) E,=vhv  ¢)E,=@w+1hv d)E, = %vhv

17. The Zeeman effect demonstrates quantization of:

a) Mass b) Angular momentum
c) Charge : d) Velocity

Y




4.The Balmer series of hydrogen atom lies in the:
a) Ultraviolet region " b) Visible region
c) Infrared region d) Microwave region
5.The Lyman series of hydrogen atom corresponds to transitions from
higher levels to:
a) n=1 b) n=2 c) n=3 d) n=4
6. The wavelength of the first line of Balmer series (Ha) is approximately:
a) 121.6 nm b) 656.3 nm c) 102.6 nm d) 486.1 nm
7.The ionization energy of hydrogen atom from the ground state is:
a) 10.2 eV b) 12.09 eV c) 13.6 eV d) 3.4 eV

8.In Bohr model, the velocity of electron in the ground state of hydrogen is
approximately:
a) 2.2x10°m/s b) 3.0x10%m/s c) 1.1x10°m/s d) 4.4%x10°m/s
9.The shortest wavelength in the Lyman series of hydrogen is
approximately:

a) 121.6 nm b) 91.2 nm c) 102.6 nm d) 656.3 nm
10. The selection rule for electronic transitions in multi-electron atoms is:

a)al=90 b) Al = +1 c)An=20 d) no restriction on 4l
11. In multi-electron atoms, the energy of an orbital depends on:

a) nonly b) L only c) both nand [ d) neither n nor [
12. Zeeman effect is the splitting of spectral lines in the presence of:

a) Electric field b) Magnetic field

c) Gravitational field d) None of the these
18. The normal Zeeman effect occurs in atoms with:

a) Zero total spin (S=0) b) Non-zero total spin (S+0)

¢) Any spin value d) Zero orbital angular momentum
14. Stark effect is the splitting of spectral lines in the presence of:

a) Electric field b) Magnetic field

c) Both electric and magnetic fields d) None of the these
15. The selection rule for m, in Zeeman erffect is:

a) Am~0, +1 b) Am =0, 2 c) Am~t1only d) Am=0only
16. The vibrational energy of a harmonic oscillator is:

a) E,=(w+3)hv  b)E,=vhv  ¢) E,= @+ Dhv d)E, =;vhv

17. The Zeeman effect demonstrates quantization of:
a) Mass . b) Angular momentum
c) Charge d) Velocity




18. According to Pauli principle, two electrons in the same orbital must
have:

a) Same spin b) Same n c) Same m, d) Opposite spins
19. A molecule shows a pure rotational spectrum only if it has:

a) A permanent dipole moment b) An anisotropic polarizability

¢) A centre of symmetry d) A large bond length
20. Electronic transitions in diatomic molecules occur mainly in:

a) Microwave region b) Infrared region

c) Visible and ultraviolet region d) Radio frequency region

21. Which atomic orbital is spherical in shape?
a) 2s b) 3p c) 3d d) 4f

22. 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
23. The quantum mechanical model describes electrons as:
a) Particles b) Particles with wave-like properties
¢) Waves d) Small, hard spheres
24. Heisenberg’s Uncertainty Principle states that the __and __ of an
electron cannot be known simultaneously.
a) Position, mass b) Position, charge
¢) Momentum, speed d) Position, momehtum
25.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
26.The number of split levels in the magnetic field is
a) 2n b) 2n +1 c) 2l d) 21 +1
27.Raman effect is scattering of:
a) Atoms b) Molecules c) Protons d) Photons
28. In Raman spectroscopy, the radiation lies in the
a) Microwave Region i b) Visible Region
c) UV Region 'd) X-ray Region
29. The different types of energies associated with a molecule are :
a) Electronic energy ) b) Vibrational energy
c) Rotational energy d) All of the mentioned

30. Quantization of Energy in the Hydrogen Atom
a) nh b) h/2mrn c) nh/2m d) n*h/2m




PART ll: True or false questions:

Circle the correct answer to each question (10 Marks)
1.Bohr Theory successfully explains many-electron atoms. True | False.
2. The Lyman series lies in the ultraviolet region. True | False.

3. The Stark effect is due to magnetic fields. True | False.

4. Raman spectroscopy is based on scattering of light. True | False.

5. Rotational spectra are equally spaced. True | False.

6. Hydrogen atom has discrete energy levels. True | False.

7. The Zeeman effect splits spectral lines. True | False.

8. Vibrational spectra are observed in infrared region. True | False.

9. Bohr model agrees completely with quantum mechanics. True | False.

10. In Bohr model, the angular momentum of the electron is uantized. True
| False.

11.The Balmer series lies entirely in the ultraviolet region. True | False.

12. Zeeman effect is the splitting of spectral lines in an electric field. True |
False.

13.The linear Stérk effect is observed in the ground state of hydrogen. True
| False.

14. Pauli Exclusion Principle applies only to electrons. True | False.
15.An s orbital can hold a maximum of 2 electrons. True | False.

16.A molecule with no permanent dipole moment cannot show a pure
rotational IR spectrum. True | False.

17.The vibrational energy levels of a harmonic oscillator are equally
spaced. True | False.

18.Homopolar diatomic molecules (e.g., N;) show pure rotational Raman
spectra. True | False.

19. Stokes lines in Raman spectrum are more intense than anti-Stokes
lines. True | False.

20. Rayleigh scattering is elastic. True | False.
21. The spin selectionrule AS=0is alwgys strictly obeyed. True | False.

22. The fundamental vibrational band is the strongest in IR spectrum of a
diatomic. True | False.

23.Raman spectroscopy requires a change in polarizability. True | False.
24.The Schrodinger is a differential equation. True | False.

25.Total Energy is quantized but not angular momentum of the quantum
particle. True | False.



PART lil: Problems: Answer the following guestions: (25 Marks)

1. Find the change in orbital angular momentum when a hydrogen atom
emits a photon of energy 12.75 eV. (5 Marks)

Solution:




2. Calculate the energy (in eV) and the radius (in nm) of the electron in
the n = 2 orbit of the hydrogen atom. (5 Marks)

Solution:




8. Find the ground-state electron energy E; by substituting the radial wave function
R that corresponds to » =1,7= 0 into Eq

‘ 1d (ZdR>+ 2m [ e€* . l(l+1)R 0 “
_— Y — —_— — —— = *
r? dr dr h2 \4me,r r?
Where R = (2 Ja¥ 2)exp(—r/a‘,), a,: Bohr radius. (5 Marks)
Solution:




4. a) What is the energy in joules and electron volts of a photon of 420-nm violet
light?

b) What is the maximum kinetic energy of electrons ejected from calcium by 420-nm

violet light, given that the work function for calcium metal is 2.71eV? (5 Marks)

Solution:




5. A spectral line of wavelength 500.0 nm is emitted from a singlet state
(S=0). Calculate the splitting (in nm) between the 0" and 0™ components
in a magnetic field of 1.00 T. (5 Marks)

Solution:

END OF EXAM
]
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Answer the following questions ‘ v ;
Q1 (10 marks) - DR

(a) Explain in detail how you can determine the activation energy of flux bundles using flux creep
phenomena.

(b) Define the permanent current via the magnetib field of a superconductor and prove that the London
theory did not fail the Meissner effect for the perfect diamagnetism. :



