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Course: Atomic and
Molecular Spectroscopy
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1 Final Exam (90%)
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The exam is written in twelve (12) pages
First: The Final Exam (90 Marks)
Choose the correct statement: (Everv question 2 Marks)

Please write your selections (a or b or ...) in the blank column to the right of the table.
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1- If £ = 4, which one of the following is a possible quantum number for n ?
a-0 b- 1
c-2 d- 4
e- 8
2- If n =235, which one of the following is not an allowed magnetic quantum
number m, ?
a- 0 b-1
c-2 d- 4
e-5
3- If n = 5, which one of the following is not an allowed orbital quantum number
£?
a-0 b- 1
c-2 d-4
e-5
4- | If £ = 5, which one of the following is not an allowed magnetic quantum number
nlg?
a-0 b- 2
c- 4 d-6
e- -5
5- | In the Bohr model of the hydrogen atom, by increasing the quantum number,
the energy difference between any two successive levels in the atom .....
a- increasing b- be equal
c- decreasing d- all of the atove
e- none of the above
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} In the Bohr model of the hydrogen atom, by increasing the quantum pumber,
the distances between successive energy levels ""the difference between the radius
of the successive orbitals' in the atom .....

a- increasing b- be equal

c- decreasing d- all of the above

e- none of the above

3 In the Bohr model of the hydrogen atom, by increasing the quantum number,
the potential energy of the electron .....

a- increasing b- be equal

c- decreasing d- all of the above

e- none of the above

(8- In the Bohr model of the hydrogen atom, by increasing the quantum number,
the velocity of the electron .....
a- increasing b- be equal
¢- decreasing d- all of the above

l e- none of the above

(9- The wave equation for hydrogen has solutions omly if the three quantum
numbers n, £, and m, meet certain conditions. One of these conditions specifies
that £

a- is either zero or +1. b- is either equal to or less thann — 1.

¢- is an integer. d- is a positive integer.

* e- has an absolute value that is either equal to or less than n.

10- | The wave equation for hydrogen has solutions only if the three quantum
numbers n, £, and m, meet certain conditions. One of these conditions specifies

that my
a- is equal to or less than n. b- is equal to or greater than £. |
c- can be any integer. d- can be any positive integer. 1

e- has an absolute value either equal to or less than .

11- | According to the selection rule, when a photen is emitted or absorbed,
transitions can only occur between state with values of £ that differ by

a- four units. b- three units.

¢- two units. d- one unit.

e- zero unit.
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12- | Which of the following is required by the Pauli exclusion principle? E

a- No electron in an atom can have the same set of quantum numbers as any |
other electron in that atom.

— |
|

b- Each electron in an atom must have the same n value.

¢- Each electron in an atom must have different m, values.

d- Only two electrons can be in any particular sheli of an atom.

e- No two electrons in a collection of atoms can have the exact same set of
quantum numbers.

13- | In terms of an atom's electron configuration, the letters K, L, M, and N refer to:

a- different shells with n equal to 1, 2, 3, or 4 respectively.

; b- different sub shells with € equal to 1, 2, 3, or 4 respectively.

c- different sub shells with m, equal to 1, 2, 3, or 4 respectively.

:
} d- the four possible levels for the magnetic quantum number.

e- the four possible quantum numbers.

14- | What is the maximum number of electrons that can occupy the g sub shell?

a-6 b- 10
c- 14 d-18
e-22

15- | A hydrogen atom is in the 6h sub shell. How many different quantum stﬁtes are
allowed in this sub shell?

a- 22 b- 18
c- 14 d- 10
e-6

16- | A neutral atom has an electron configuration of 1s5* 2s5% 2p® 352 3p*. What is
its atomic number?

a-5 b- 11

c- 14 d- 18
e- 25
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i7- | A neutral atom has an electron configuration of 1s? 252 2p® 352 3p2. If a
neutral atom holds one additional electron, what is the ground state
configuration?

a- 152 252 2p° 352 3p® b- 1s% 252 22 352 3p3
c- 1s% 252 2p°® 352 3p! d- 152 252 2p° 352 3p? 4s!
e- 1s% 25% 2p® 35% 3p® 45!

18- | What is the shortest-wavelength X-ray photon emitted in an X-ray tube subject
to 50 kV?
a-0.025nm b- 0.25 nm
c-2.5nm d- 25 nm
e- none of the given answers

19- | The magnitude of the orbital angular momentum of an electron in an atom is
what multiple of 7 ? (£ is a positive integer.)

a-f b-£/2
c-P(£+ 1) d-2¢€+1
&= £2
20- | The magnetic quantum number m, is most closely associated with what
property of an electron in an atom?
a- Magnitude of the orbital angular o
b- Energy
momentum
¢- z component of the spin angular d- Radius of the orbit
momentuim
¢- z component of the orbital angular momentum
21- | An electron is in a quantum state for which the magnitude of the orbital angular
momentum is 61/2 A. The value of the orbital quantum number ¥ is:
a- 4 b- 5
c-17 d-8
e-9
22- | An electron is in a quantum state for which there are seven allowed values of the

z component of the angular momentum. The magnitude of the angular
momentum is:

—

a-V3 h b-2V3h

c-V7h d- V56 h

e-V14 h
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23- | Space quantization means that:

a- space is quantized

b- L, can have only certain discrete values

c- L and [ are in the same direction

d- L and L are in opposite directions

¢- an electron has a magnetic dipole moment

24- | An electron in an atom is in a state with £ = 3 and m, = 2. The angle between L
and the z axis is:

a-48.2° b- 60°
¢-30° d- 35.3°
e-54.7"

25- | The electron states that constitute a single shell for an atom all have:

a- the same value of n and the same value of £

b- the same value of n

c- the same value of £ and the same value of m,

d- the same value of £

e- the same set of all four quantum numbers

26- | The electron states that constitute a single subshell for an atom all have:

a- the same value of n and the same value of £

b- the same value of n

¢- the same value of £ and the same value of m,

d- the same value of £

e- the same set of all four quantum numbers

27- | The total number of electron states with n = 2 and £ = 1 for an atom is:

a-2 b- 4

c-6 d- 8
e-10
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28- | The magnetic field B is along the z axis in a Stern-Gerlach experiment. The
force it exerts on a magnetic dipole with dipole moment i is proportional to:

a- u? b- B?
c-dB/dz d- d’*B/dz?
e- [Bdz

29- | A magnetic dipole i is placed in a strong uniform magnetic field B . The
associated force exerted on the dipole is:

a- along [ b- along — i
c- along B d- along i X B
e- Zero

30- | A magnetic dipole is placed between the poles of a magnet as _
shown. The direction of the associated force exerted on the |7| L—

dipole is: +"i
a- positive x b- positive y
¢- negative x d- negative y

e- into or out of the page

31- | To observe the Zeeman effect one uses:

a- a strong uniform magnetic field | b- a strong non-uniform magnetic field

¢- a strong uniform electric field d- a strong non-uniform electric field

¢- strong perpendicular electric and magnetic fields

32- | Give the possible values of the total-angular-momentum quantum number J
that result from the addition of angular momenta “orbital angular momentum
and spin angular momentum” with quantum numbers 3/2 and 4 :

a-11/2 b-11/2,9/2,7/2,5/2

c-5/2 d-5,4,3,2,1
e-3/2,1/2,0,—1/2,—3/2

33- | Suppose a hydrogen atom in a 3ds,; state is placed in an external magnetic
field. Into how many sub states will it split?

a-3 b- 4

c-5 d-6

e- None of the above
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34- | Why is it easier to analyze a mixture of gaseous atomic species by absorption
spectroscopy than it is to analyze a mixture of molecular species?

a- atomic species do not have side reactions.

b- molecular species do not absorb light.

¢- atomic spectra have simpler narrower lines that are easier to resolve than
molecular spectra.

d- atomic species have a continuous spectrum.

e- atomic species have a discrete spectrum.

35- | The probability of finding an electron in a hydrogen atom is directly
proportional to its:

a- energy. b- momentum.

| ¢- potential energy. d- wave function,

e- square of the wave function.

36- | The most energetic photon in a continuous x-ray spectrum has an energy
approximately equal to:

a- the energy of all the electrons in a target atom

b- the kinetic energy of an incident-beam electron

c- the kinetic energy of a K-electron in the target atom

d- the total energy of a K-electron in the target atom

e- the rest energy, mc? , of an electron

37- | Two different electron beams are incident on two different targets and both
produce x rays. The cutoff wavelength for target 1 is shorter than the cutoff
wavelength for target 2. We can conclude that:

a- target 2 has a higher atomic number than target 1

b- target 2 has a lower atomic number than target 1

c- the electrons in beam 1 have greater kinetic energy than those in beam 2

d- the electrons in beam 1 have less kinetic energy than those in beam 2

e- target 1 is thicker than target 2

38- | In connection with x-ray emission the symbol K, refers to:

a- an alpha particle radiation

b- x-ray radiation from potassium

¢- X-ray radiation associated with an electron going fromn = wton =1

d- an effect of the dielectric constant on energy levels

e- x-ray radiation associated with an electron going fromn =2 ton = 1
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39- | The transition shown gives rise to an x-ray. The correct label for v
this is: N
—+—K
a- Ka b- Kl;
(v La d- L[g
e~ KL
40- | The Pauli exclusion principle is obeyed by:
a- all particles b- all charged particles
;;zall particles with spin quantum numbers of d- all particles with mass
e- all particles with spin quantum numbers of 1
41- | Which of the following transitions for quantum numbers (n,€,m,m) are
allowed for the hydrogen atom:
a-(2,0,0,1/2) - (3,1,1,1/2) b-(2,0,0,1/Z2) - (3,0,0,1/2)
5 GETRTUD S GLLY G 61,21/ > B1-1,1/2)
e-(1,0,0,-1/2) - (3,2,1,1/2)
42- | A metastable state is important for the generation of a laser beam because it
assures that:
a- spontaneous emission does not occur more often than stimulated emission
b- photons do not split too rapidly
¢- more photons are emitted than are absorbed
d- photons do not collide with each other
e- photons do not make upward transitions
43- In a helium-neon laser, the laser light arises from a transition from a state to a
state.
a- He, He b- Ne, Ne
c- He, Ne d- Ne, He
e- N, He
44- | A laser must be pumped to achieve:

a- a metastable state b- fast response

c- stimulated emission d- population inversion

¢- the same wavelength for ali photons
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Photons in a laser beam are produced by:

a- transitions from a metastable
state

b- transitions o a metastable state

c- splitting of other photons

d- pumping

e- transitions from a state that decays rapidly




Second: The Oral Exam

Choose the correct statement:
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10 Mark

(Every question 1 Mark)

Please write your selections (a or b or ...) in the blank column to the right of the table.
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1- In the Bohr model of the hydrogen atom, by increasing the quantum number,
the angular momentum of the electron .....
a- increasing b- be equal
c- decreasing d- all of the above
e- none of the above
2- In the Bohr model of the hydrogen atom, by increasing the quantum number,
the total energy of the electron .....
a- increasing b- be equal
c- decreasing d- all of the above
e- none of the above
3- In the Bohr model of the hydrogen atom, by increasing the quantum number,
the Kinetic energy of the electron .....
a- increasing b- be equal
c- decreasing d- all of the above
e- none of the above
4- The wave equation for hydrogen has solutions only if the three quantum

numbers n, £, and m, meet certain conditions. One of these conditions specifies
that n

a- can be any real number. b- can be any integer.

c- can be any non-negative integer. | d- can be any negative integer.

e- can be any positive integer.
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5- The Pauli exclusion principle:

a- Any two electrons in an atom can occupy the same quantum state.

b- All electrons in an atom can occupy the same quantum state.

¢- No two electrons in an atom can occupy the same quantum state.

d- The position and momentum of a particle can both be measured precisely at
the same time.

e- The position and momentum of a particle cannot both be measured precisely
at the same time.

6- The quantum number my is most closely associated with what property of the
electron in an atom?

a- Magnitude of the orbital angular

momentum b- Enexgy

¢- z component of the spin angular

d- Radius of the orbit
momentuim

e- z component of the orbital angular momentum

7- An electron is in a quantum state for which the magnitude of the orbital angular

momentum is 6v2 A. How many allowed values of the z component of the
angular momentum are there?

a- 4 b-35
c-17 d-8
e-9
8- An electron in an atom is in a state with £ = 5. The minimum angle between L
and the z axis is:
a- 0’ A b- 155.9°
c-24.1 d-36.7
e-90.0°

s In the relation u, = —m, up , the quantity pug is:

a- the component of the dipole moment along

e mingetic field b- the Bohr magneton

c- the permeability of the material d- a friction coefficient

e- none of the above
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10- | How many electrons can be put in a subshell with quantum number n and € :

a- 2n? b- 2n

c-2(2€ + 1) d-2n+1

e-2¢+1
Electron charge e 1.6x10°"° C Plank’s constant /i 6.626 x 10™* Joul.sec
Electron mass m, 9.1x10°" kg Light velocity ¢ 3x10% m.sec™
Proton mass m, 1.672x107% kg Coulomb constant & 9x10° J.m.C*
Bohr radius a, 0.529x10" m Rydberg constant R 1.097 x10" m™
Bohr magneton pip 9.274x10).1 magnetic permeability p, | 47x107 T.m/A (H/m)
mass of a carbon atom 1.994x 10’“kg mass of an oxygen atom 2.6567><10"26kg
mass of a floor atom 31.55x107% kg mass of a hydrogen atom 1.672x1077 kg
The bond length of CO | 1.3 x10™ m Ionization energy of the. | 44 0

hydrogen atom E,

WITH MY BEST WISHES

Hesharm Al-Attar




Assuit University Grade: Four

Faculty of Science " Course: 492 f

Physics Department Time: 3 Hours
Second Term Exam 2020

Answer only five of the following questions:
(50 Marks: 10Each)

uestion 1:

Write a short account on the following:

a) The specific heat of solids.
b) The thermal conductivity of solids.

Question 2:

Explain in detail the measurements of the thermal expansion of solids.

Question 3:

Discuss in detail the thermoelectric and thermomagnetic coefficients.

Question 4:

Write a short account on the following:

a) The conduction of heat in semiconductors.
b) Interatomic bonds and the crystal lattice.

‘

Question 5:

Discuss in detail the free electron therapy of metal.

Question 6:

Explain in detail the vibration spectra and the specific heat of materials.
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1- Insects that pass through the egg, larva, pupa, and adult stages in their
life cycle have ...........

A. Incomplete metamorphosis

B. No metamorphosis

C. Complete metamorphosis

D. Gradual metamorphosis

2- What order contains butterflies and moths?
A;Lepfd(r)pteré‘ e et C Hymeno;’)tié'fé K

B. Homoptera - D. Isoptera

3- Which insect order is most closely related to Diptera?
A. Hymenoptera C. Plecoptera
B. Orthoptera D. Zygentoma

4- The order Hemiptera contains:
A. Bed bugs and stink bugs C. Chewing and sucking lice
B. Roaches and mantids D. Crickets and grasshoppers

5- Which order is NOT holometabolous?
A. Siphonaptera C. Thysanoptera
B. Hymenoptera D. Neuroptera

6- What does the word "Bug" refer to:
A. An insect in the Homoptera or Hemiptera order.
B. An insect in the Coleoptera order.
C. An insect in the Diptera order.

D. A creepy crawly thing.
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B. Odonata D. Thysanoptera

8- Which order is exclusively parasitic?

A. Diplura C. Siphonaptera
B. Zoraptera D. Diptera
9- Sucking mouthparts are NOT found in:
A. Fleas C. Lice
B. Flies D. Ants

- 10- All ametabolous insects are:
A.Predatory ~ C.Wingless
B. Endognathous D. All of these

11- Immatures of the Neuroptera would be classified as:
A. Scavengers C. Parasites

B. Herbivores D. Predators

12- What do the orders Dermaptera and Isoptera have in common?
A. Winglessness C. Chewing mouthparts
B. Herbivory D. All of these

13- Chewing mouthparts NEVER occur in:
A. Fleas C. Earwigs
B. Bestles D. Bees

14- Which order is exclusively hematophagous (blood feeders)?
A. Siphonaptera C. Thysanoptera
B. Neuroptera D. Hymenoptera
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B. Hemiptera D. Siphonaptera

16- Where does a baby dragon fly grow up?

A. In the ground C. In trees
B. In water D. On the ground

17- Hemiptera and Hymenoptera are similar because both have:
A. Holometabolous development
B. Piercing-sucking mouthparts

~ C. Neopterous wings

D. All of these

18- Which compound would be found in the exocuticle but NOT in the

endocuticle?
A. Chitin C. Protein
B. Quinone D. Wax

19- To which body segment are the elytra attached?
A. Mesothorax C. Prothorax
B. First abdominal D. Metathorax

20- Which part of the exoskeleton lies between the exocuticle and the wax

layer?
A. Procuticle C. Cuticulin layer
B. Cement layer D. Endocuticle

21- The shell of an insect's egg is called the:
A. Serosa C. Chorion

B. Amnion D. Periplasm
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B. Arolium D, Tarsomere

23- Which structures of insects are part of the ovipositor?

A. Paraprocts C. Aedeagus
B. Cerci D. Valvulae

24- Which part of an insect's antenna articulates with its head capsule?

A. Arista C. Flagellum
B. Pedicel D. Scape

25- The eyes of caterpillars-are-called v
A. Tegmina C. Hamuli
B. Ocelli D. Stemmata

26- Which structure is unicellular?
A. Spine C. Gland
B. Seta D. Pile

27- Which mouthparts lie between the labrum and the maxillae?
A. Hypopharynx C. Labium
B. Mandibles D. Palps

28- A line of weakness between adjacent sclerites that breaks during
molting is called a(n):

A. Apodeme C. Ecdysial suture

B. Apophysis D. Epistomal suture

29- Chitin is most abundant in which part of the exoskeleton?

A. Epicuticle C. Cuticulin layer




30- What is the function of the micropyle in an insect's egg?
A. Water balance C. Respiration
B. Nutrition D. Sperm entrance

31- What is the maximum number of ocelli that may be found in an adult

insect?
A. Zero C. Five
B. Three D. Twenty

~ 32- Chitin is a very important part of the insect's exoskeleton because:
A. Itis impermeable towater. b
B. It is rigid and inflexible.
C. It is not digested by common enzymes.

D. It is flexible and elastic.

33- Which structure lies below the frons and above the labrum?

A. Trochanter C. Clypeus
B. Furca D. Gena
34- A/an is used by female insects to lay eggs.
A. Spermatheca C. Cerci
B. Ovum D. Ovipositor
35- belong to the order Hymenoptera.

A. Grasshoppers and crickets
B. Beetles and weevils
C. Wasps and ants

D. Flies and mosquitos
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B. Chrysalis D. Naiad

37- Which part of the exoskeleton lies between the wax layer and the

cement layer?
A. Exocuticle C. Cuticulin layer

B. Endocuticle D. None of these

38- Which suture is NOT found on the head capsule?
A. Pleural suture C. Subgenal suture

B. Epistomal suture D. Frontal suture

39- In insects with chewing mouthparts, which structure lies between the
mandibles and the maxillae?

A. Clypeus C. Labium

B. Hypopharynx D. Labrum

40- Which mouthparts bear palps?
A. Labrum and labium C. Maxillae and mandibles

B. Labium and maxillae D. Mandibles and labrum

41- The cibarium is best described as:
A. Thoracic muscles that move the wings.
B. A structure on the pretarsus.
C. The innermost layer of the epicuticle.

D. A muscular pump that sucks food into the mouth.

42- Which layer(s) of the exoskeleton is (are) secreted by the epidermis?
A. Endocuticle C. Epicuticle
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43- Elastic regions of the exoskeleton:
A. Are generally known as sclerites.
B. Are found only at the joints.
C. Lack a well-defined exocuticle.

D. Contain high concentrations of quinones.

44- The pedicel is the name for the:
A. 1% leg segment C. 1* antennal segment

B. 2" leg segment D. 2" antennal segment

45- Aquatic immatures of all holometabolous insectsare known as:

A. Nymphs C. Larvae
B. Naiads D. Young

46- In an abdominal segment, the ventral sclerite is known as

A. Epimeron C. Epiproct
B. Notum D. Sternum

47- In an obtect pupa:
A. The insect is surrounded by a silken cocoon.
B. The larval exoskeleton becomes a puparium.
C. The insect's body forms a chrysalis.
D. All of these.

48- In insect, the first pair of post-oral appendages is called:

A. Maxillae C. Mandibles

B. Antennae D. Labrum
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A. Mandibulate mouthparts C. Jointed legs

Ced 0

B. Open circulatory system D. All of these

50- A caterpillar does not have
A. Mandibles C. Prolegs
B. Compound eyes D. Claws

True/False (Indicate "T" for true; "F" for false):

51- For insects, locomotory appendages are found on the thorax. (.......)

52- Insects in the Order Odonata 7(dfagoiriﬂi7éiss haveaqflatlc larvae and

undergo complete metamorphosis. (e o nee )

53- Beetle larvae are often called Grubs. o r Fimmens )

58- All hemipteroids have piercing-sucking mouthparts. e oo )
59- The exocuticle is the outermost layer of the exoskeleton. [ bt )

60- Insects never have more than twelve abdominal segments. P )



Short answer: Give the correct Entomological term for: .

61- The "shell" of an insect's egg. ...............cooveeni.. NI,

62- The "simple" €yes .............cooeiviiiiiiiiiiieiiiiii

63- The "egg case" of a cockroach...................cooceviniiiiill

64- The hardened "plate" of the exoskeleton.............c..ccoovvviiviiin...

65- The "hair" on an insect's body........... I I e B e pck b e

66- The "front wings" of the Orthoptera.................cocceveeieeinninnn,
67- The "first thoracic segment"........................ccocoiiiiiiiiiiiiii,

List ONE function for each of the following:
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Which part of the exoskeleto
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71- Resistance to abrasion
72- Armor and strength
73- Sensory perception
74- Muscle attachment
75- Flexibility

o N -
+ 4 . + R Pt alanrl
i uhana 1UHCuOu;§;

Sclerites
Apodemes
Membranes
Epidermis
Cuticulin layer
Wax layer

. Setae

e S R~ R i

Sutures

~ I.-Cement layer

Match the structure in the left column with its correct location in the right

column.

Left column
67- Labrum
77- Scape
78- Coxa
79- Valvifer
80- Tegmina

Right column
A. Antenna

B. Leg

C. Ovipositor

D. Mouthparts
E. Wing




L'he diagram below illustrates an adult head capsule. Write the label

from (A-J) of the followine parts.
N 2 O I

With best wishes,,,,
Prof. Dr\ Amer Tawfik Prof. Dr\ Azza Awad




" In points what are the
- Characters of an insect
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Final Exam .l «
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Course: Radiation Physics ] %

Faculty of Science Time:3 hours Assiut University
Department of Physics Date: July-2020

Question (1):

Put [\l] or [x]for each of the statement. (60 Mark)
1) The decay constant A s defined as “the probability that a given nucleus will - ()

decay per unit time.
2) The radioactive equilibrium occurs when the half-life of the parent nucleus  ( )
is more short-lived than the daughter nucleus.

3) Antineutrino is a neutral particle with zero rest mass. ()
4) The annihilation process is a source of photons with energy 0.511Mev. ()
5) The electromagnetic waves (EM) include the whole electromagnetic ()

spectrum such as y-rays, X-rays,o. particles, ultraviolet, visible, infrared,
microwave, radar and radio wave.
6) In transient equilibrium, both number of atoms of parent N and daughter ()

N, decrease exponentially with time with the half-life of parent and the
ratio N /N, remains constant.
7) Becquerel is defined as one disintegration per second.

8) B* decay is radioactive parent nucleus transforms a neutron into a proton.
9) Absorbed dose is measured in units of Sievert.

10) The atomic number identifies the chemical element

11) Isotopes are nuclides that have same Z and different A and N.

12) Bohr Theory works very well for one-electron structures.

13) The condition for S decay to be possible is M(A,2)-M(A,Z+1) > 0, where
M(A,Z) and M(A,Z+1) are the atomic masses of parent and product nuclel.
14) In secular equilibrium, the number of parent nuclei remains unchanged.

15)IC is a competing process of y-rays.

16) Radioactivity is the artificial disintegration of nuclei.

17) The fission process is used as a source of neutrons.

18) Condition for a-decay to be possible is: M(A, Z) > M(AZ+]) + M(4,2) .

19) The mass numbers of the nuclides in the 237 Np- series can be represented
as 4n+1.

20) The atom is neutral, thus the number of positive charges (protons) in the
nucleus is equal the number of negative charges (electrons) revolve around
the nucleus.

21) Negatively charged electrons revolve around the nucleus as a result of the
attractive electrostatic Coulomb force between the positive and negative
charges.

22) The emitted photon has energy equals the difference in energy between the
two atomic orbits.

____/__________————-—'———‘_-‘_t_,,_____—‘————————‘_.__..
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23) Electrons occupy allowed shells, the number of electrons per shell is limited ()
to 2n’.

24) Nuclei consist of neutrons and protons, which are known as nucleons. ()

25)Mean life is defined as the time interval over which the number Ng of ()
radioactive atoms initially present in sample is reduced to Ny/e.

26) a- particle consists of two neutrons and two protons. ()

27) The mass numbers of the nuclides in the *33U- series can be represented as ()
4n+3.

28) Isomers are nuclides that have same Z, N and A but nucleons existing at ()
different energy levels.

29) Nuclear force is mutual attractive force between nucleons. ()

30) Radioactivity is a statistical event, in that we cannot predict if or when a ()
certain atom will decay but can predict how many events can occur in
period of time.

Question (2):

Multiple Choice Questions (MCQ) (30 Mark)

I) The phenomenon which abound atomic electron may receive energy and move
from a state of energy E, to another of higher energy k.

a) Excitation b) lonization ¢) Binding energy

2) Nucleus spontaneously splits into two nearly equal fission fragments with
emission of 2 to 4 neutrons.

a) Spontaneous fission b) Proton Emission ¢) lonization

3) a-particle consists of.......

a) 2 neutrons and 2 protons b) 4 neutrons and 2 protons

¢) 2 neutrons and 4 protons d) 4 neutrons and 4 protons

4) The energy required to completely break up the nucleus into well separated Z
protons and N neutrons.

a) Binding energy b) Excitation c) lonization

5) The average energy of the beta particles which is given practically in the form

a) TB“ = Tnax/4 b) 7;8‘ = Tongz/3 ¢) T,B’_ = Dnax/5

6) Nuclear decay in which an unstable isotope nuclide (parent nucleus)
spontaneously release excess energy with emission of particles and/or gamma-
ray and that parent nucleus will transform into a new isotope nuclide (daughter
nucleus) that may be stable or unstable.

a) Radioactivity b) Excitation ¢) lonization

BEST WISHES Instructor: Dr. Ghada Salaheldin



7) Nucleus capture orbital electron (usually K shell) and neutrino is emitted.
a) Electron Capture decay b) Internal conversion ¢) Proton Emission

8) The original positron and electron disappear and are replaced by two
oppositely directed 0.511 MeV electromagnetic photons known as.
a) Annihilation b) Proton Emission ¢) Internal conversion

9) The energy that comes from a source and propagate through space or matter in
the form of particles or electromagnetic waves.
a) Radiation b) Internal conversion ¢) Proton Emission

10) Neutrons are emitted during spontaneous fission or are artificially produced
by bombarding nucleus with high energy radiation (particles or photons).
a) Neutron decay b) Radiation ¢) Internal conversion

11) The number of radioactive atoms is reduced to half in the time Known as ...
a) Half-life time of decay b) Mean Life

12) When t,;>1;, both number of atoms of parent N; and daughter N, decrease
exponentially with time with the half-life of parent and the ratio N,/ N
remains constant.

a) Secular equilibrium b) Transient equilibrium  ¢) No equilibrium

1. § — decay is radioactive parent nucleus transforms a neutron into a proton.

a) B~ b)g™* ¢) a

14). .. is a nuclear transformation in which unstable high atomic mass
nucleus splits into two lighter nuclides and emits from two to four neutrons

a) Nuclear fission b) Proton Emission ¢) Internal conversion™

FCT R L WAR— Bq.
A 10 4 10 A 9

a) 3.70x10 b) 3.07x10 ¢) 3.70x10

Question (3) [Oral]:

Put [\/] or [x]for each of the statement. (10 Mark)
1) Cosmic ray is highly energetic sub-atomic particles, mostly protons and ()

2)

4

5)

helium nuclei, which travel across space at close to the speed of light
comes from sun and supernova stars

The number of radioactive atoms is reduced to half in the time Known ( )
as the half-life time of decay

The mass numbers of the nuclides in the #35U- series can be represented ()
as 4n+2.

[sobars are nuclides that have same A and different Z and N. ()

a-decay is the nuclear transformation in which an energetic a- particle ()
(helium-4 nucleus) is emitted.

BEST WISHES Instructor: Dr. Ghada Salaheldin
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Group I (42 degrees)

Put [T] or [F] in front of each statement (1.5 degrees for each statement):

I

We find the roots of any polynomial with the roots(p) function where p is a row vector
containing the polynomial coefficients in descending order.

We can compute the coefficients of a polynomial from a given set of roots with the
poly(r) function where r is a row vector containing the roots.

The polyconv(p,x) function evaluates a polynomial at some specified value of the
independent variable .

. The deconv(a,b) function multiplies the polynomials a and b. [

The [q,r]=diconv(c,d) function divides polynomial ¢ by polynomial d and displays the
quotient q and remainder r.

The polyde (p) function produces the coefficients of the derivative of a polynomial p. | [

We can writt MATLAB statements in one line if we separate them by commas or
semicolons. Commas will display the results whereas semicolons will suppress the | [
display.

We use the MATLAB command plot(x,y) to make two-dimensional plots. This
command plots versus where x is the horizontal axis (abscissa), and y is the vertical | [
axis (ordinate).

. If a statement, or a row vector is too long to fit in one line, it can be continued to the

next line by typing three or more periods, then pressing <enter> to start a new line, and | [
continue to enter data.

10.

We can make a two-dimensional plot more presentable with the commands grid, box,
title(‘string’), xlabel(‘string’), and ylabel(‘string’). For a three-dimensional plot, we | [
can also use the zlabel(‘string’) command.

11. The command linspace(first_value, last_value, number_of_values) specifies the
number of data points but not the increments between data points. An alternate
command uses the colon notation and has the format x=first: increment: last. This [
format specifies the increments between points but not the number of data points.

12. Newton’s (or Newton-Raphson) method can be used to approximate the roots of any [

linear only of any degree.

13,

We can’t use a spreadsheet to approximate the real roots of linear and non-linear
equations but to approximate all roots (real and complex conjugates) it is advisable to | [
use MATLAB.

14.

The angular velocityw is commonly known as angular or radian frequency and wT =
4m

135.

To apply Newton’s method, we must begin with a reasonable approximation of the root [
value. In all cases, this can best be done by plotting f(x) versus x.

16.

The frequency is denoted by the letter f and in terms of the period T, f =1 /T . The
frequency f is often referred to as the cyclic frequency to distinguish it from the radian | [

frequency w.
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17. The cosine function leads (is ahead of) the sine function by /2 radians or 90°, and
the sine function lags (is behind) the cosine function by m/2 radians or90°.
Alternately, we say that the cosine and sine functions are out-of-phase by 90° , or there
is a phase angle of 90°between the cosine and sine functions.

18. When we say that one sinusoid leads or lags another sinusoid, these are of the same
frequency since two sinusoids of different frequencies can be in the phase.

19. 1t is customary to express the phase angle in degrees rather than in radians in a
sinusoidal function. For example, we write [ ]

s
v(t) = 100sin (ZOOOnt - g) as v(t) = 100sin(2000nt — 60)

20. When two sinusoids are to be compared in terms of their phase difference, these must
first be written either both as cosine functions, or both as sine functions, and should | [ ]
also be written with negative amplitudes.

21. Two phasors A and B where A = a + jb and A = ¢ + jd , are equal if and only if their
real parts are equal and also their imaginary parts are equal. Thus A = B ifand only if | [ ]
a=candb =d

22. If the dependent variable y is a function of only a single variable x, that is, if y =
f(x), the differential equation which relates y and x is said to be an ordinary |[ ]
differential equation and it is abbreviated as ODE.

23. Generally, in engineering the solution of the homogeneous ODE, also known as the
complementary solution, is referred to as the natural response, and is denoted as |[ ]

yn (t) or simply yy.

24. The particular solution of a non-homogeneous ODE is be referred to as the forced

response, and is denoted as yz(t) or simply yp. L]
25. The total solution of the non-homogeneous ODE is the summation of the natural and
forces responses, thatis  ¥(t) = Ynatural Response — YForced Response — YN — YF L]
26. The most general solution of homogeneous ODE is the linear combination
Yu () = kY1 (6) + koY (8) + -+ + Knyn () R

where H is used to denote homogeneous and k4, k, ... ... , k,, are arbitrary constants.

27. For nth order homogeneous differential equation, the solutions are
y1 = kiestt, y, = kpeS?t, oy = kpe®t
where 1, S5, ..., Sy are the solutions of the characteristic equation [ ]
AnS™ + Ay ST+ ot agst +ag = yy(t)
and a,, a,_q, ..., 44, ag are constant coefficients of the ODE

28. The ODE
&y Ty dy d™mx dmix dx
anw'i' an-1 qin-1 Ll alE-F agy = bmﬁ-l_ bm_la_tm-l_ S b1$+ box -
is non-homogeneous differential equation if the right side, known as forcing function,
is zero
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Group II (28 degrees)

Put [T] or [F] in front of each statement to complete the task:
If the statement is incorrect, modify it and write the full script for solving the

problem.

A. In the electric circuit below, the applied voltage Vs was kept constant and the voltage Ve
across the capacitor was measured and recorded at several frequencies as shown on the table

below

Capacitor voltage versus radian frequency

o 500 600 700 800 900 1000
R,
% VC 88.9 | 98.5 | 103.0 | 1049 | 1053 | 1048

g\) C VC

%

S L o | 1100 | 1200 | 1300 | 1400 | 1500 | 1600
V|| 1038 | 1024 | 1007 | 989 | 965 | 949
{3

To answer the question: Plot Vc (in dB scale) versus w (in common log scale) and label the axes

appropriately and the resulting graph is shown as.
- Magnitude of Vc vs. w
T

Vel in volts
w
()

. ()]

10 10° 10
w in rads/sec

Please, check the following points (8 degrees):

1. w=[5678910111213141516]*10; [ ]
2. Vc=[88.9 98.5 103 104.9 105.3 104.8 103.8 102.4 100.7 98.9 96.5 94.91; [

3. dB=20*logl10(Vc); semilogx(w,dB); grid; title(Vc vs. w'); [ 1]
4, xlabel('w in rads/sec'); ylabel('|V¢| in volts') [ 1

B. To find the total solution of ODE
¥y a® 3y
dez " ar YT
subject to the initial conditions y(0) = 3 and y'(0) = 4 where y' =dy/dt

The resulting graph is shown as

13/2 exp(-t)-7/2 exp(-3 1)

T
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Please, check the following points (12 degrees):

1. This is a non-homogeneous ODE and the total solution is just the natural response
found from the characteristic equation s? + 4s + 3 = 0 whose roots are s; = —1l and | [ ]
Sl - _3

2. The total response is: y(t) = yy = ket + kye”3" [ ]

3. The constant k;and k,are evaluated from the given initial conditions. [

So, in that case y(0) = 3 = k,;e® + k,e°Or  ky+k; =5
4, And y’(O) =4 = % it:o = —kle_t = 3kze_3t Or —k1 — 3k2 =4 [ ]
k1 = 6.5 and k2 = _3.5
5, y(t) = vy = 652" + 3.5k [ ]
6. With MATLAB [ ]
y=solve ('D2y+4*Dy+3*y=0', 'y(0)=3', 'Dy(0)=4"); ezplot(y,[0 5])

C. By using MATLAB to skeich the graph y=f(x), and verify from the graph that f(a) and f(b),
where a and b defined below, have opposite signs. Then, use Newton’s method to estimate the
root of f(x) = 0 that lies between a and b.

fX)=\V2x+1-+x+4 a=2andb=4 Hint: Start with xq = (a + b)/2

The resulting graph is shown as

05, T T T T T T T ]

0

054

A5

|
B I S S Sl B
-5 4 -3 -2 -1 0 1 2 3 4 5

Please, check the following points (8 degrees):

1. x=-5:0.05:5; fx=sqrt (2. *x+1)-sqrt(x+4); plot(x,f1x); grid 1
Warning: Imaginary parts of complex X and/or Y arguments ignored. [

2. From the plot above we see that the positive root is very close to x = 3 so we take [
xo = —3 as our first approximation

3. The next value x; is —3 [ ]

4, Checking by MATLAB:
syms X; fx=sqrt(2.*x+1)-sqrt(x+4); dsolve(fx) []
ans =

3
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Oral part (10 degrees)

Choose the Correct answer (1 degree for each statement)
1. The statement z=3-4j displays in MATLAB as, z=

3.0000 - 4.0000i1 3.0000 - 4.0000%*i both of them none of them
2. The statement z=3- cos(x)j displays in MATLAB as, z=
3.0000- cos(x)j 3.0000 - cos(x)*j both of them none of them
3. MATLAB displays the polynomial coefficients as a ................ vector, and the roots as a
............. vector.
row, column row, row column, column column, row

4. The polynomial
p =x5—7x*+ 16x% + 25x + 52
the polynomial coefficients display in MATLAB as

p=[1-70162552] p=[1-7 16 25 52]
p=1[1;-7;0; 16; 25; 52] p=1[1;-7; 16; 25; 52]

5. The polynomial roots of polynomial p display as
roots_ p=root(p) root_ p=roots(p)
roots_ p=roots(p) root_ p=root(p)

6. MATLAB functions used with polynomials are the following: multiplies two polynomials a

and b
conv(a,b) der(a,b) deconv(a,b) none of them

7. MATLAB functions used with polynomials are the following: divides polynomial ¢ by
polynomial d and displays the quotient q and remainder r.

[q,r]=conv(c,d) [q,r]=deconv(c,d) [q,r]=der(c.d) none of them
8. produces the coefficients of the derivative of a polynomial p
deconv(p) conv(p) polyder(p) der(p)
9. Newton’s (or Newton-Raphson) method uses the formula
o, TG o fG)
T f () mT ()
. fw L, few
e T )

10. If the dependent variable y is a function of two or more variables such as y = f(x, t), where x
and ¢ are independent variables, the differential equation that relates , x and ¢ is said to be

Ordinary Differential Equation Partial Differential Equation
Simple Differential Equation None of them

Best Wishes

Dr. Sayed Seliman
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Answer the following questions:

Section (4): Choose the correct answer from the following:

1- Temperature dependence of charge carrier mobility in semiconductor is:
(a) p o T3 (b)po 1/T (c) pa T3

7 FEinstein showed that the relation between diffusion coefficient (D) and
mobility (p) of the charge carriers (holes) can be expressed as:

KgT? KgT
@D, = p, = (b) Dy = p, =

e

3. 10- For an intrinsic semiconductor with energy gap, Eg= 0.7 eV, m*, = 6 m*.
at 300 °K and C=4.83x10?! the position of Fermi level is equal to:
(a) Er=0.385 eV (b) E¢g=0.185 eV

4- If the conductivity of intrinsic Ge at 300 K is 2.12 Q'm’!, electronic charge e
= 1.6 x 10" C and electron and hole mobility p_ =0.36 m*V'S™ and p 0.17

m2V-1S-respectively. Thus the intrinsic concentration (mi) of charge carriers is:
(a) m=2.5x10"m’ (b) n;=5.2x 10"%/m’

5- The general expression for Fermi energy level in an intrinsic semiconductor is

_ EgtEy 4 my _ Ec+Ey 3KpT mp .
(@) Br = =, +3KBTln[m;] (b) B = ln[mg]

6- When the complex refractive index of a semiconductor is given by a relation

n* = n + ik at a certain wavelength A, hence the absorption coefficient a is:
(@a = = ba =2 © a=73
2 (b = = Y

7- If the complex dielectric constant of nano-semiconductor compound of
particle size 3 nm is given by £* = & + i€, then real refractive index n is:

@n=El{e+EE+HVYY2 D)n= Fl{e + (e~ )/

8- 3- When the complex refractive index of a semiconductor is given by the
relationn* = n + ik at a certain wavelength A, hence the reflectivity (R) is given

by:
_ (n-1)%+(k+1)? _ (n-1)%+(k)?
@R = (n+1)2+(k+1)?2 (b) R = (n+1)2+(k)?

9- 18- 27- The general expression for the density electrons in an intrinsic
semiconductor with an energy gap E, and C = 4.83x10%' is:

E 2E,
(@)n; = CT?? exp[— ;7] (b)n; = CT?3 exp[— ]

10- If excess carriers are injected into a semiconductor, they diffuse away from
the point of injection (i.e., at x = 0) and recombine at a rate described by their




lifetime where their density falls exponentially with a distance by the equation:
vDn
(a) (An)x = (An)xo exp[— ﬁ%;] (b) (An), = (An) 5o exp[— Y]

Where, L,, = /D,,Ty is the electron diffusion length.

11-When the band gap of an alloy semiconductor GaAs is1.98eV, a
wavelength (1) of the emitted photons due to the direct recombination process of

electron from the conduction band with hole in the valence is:
(a) A=526nm (b) A =256 nm (c) A =625nm

1 2- The diffusion current in semiconductor at constant temperature is directly

proportional to:
(a) Square of the electric field (E?). (b) The electric field intensity (E).

13- 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.

14- In n-type semiconductor the optical absorption process is ascribed to:
(a) Optical excitation of electron from a donor level to the conduction band.
(b) Optical excitation of electron from the valence band to a conduction band.

15- Illumination of CdS nanosemiconductor with photons of energy hv 2 Eg,
results in:

(a) Generation of free electron-hole pairs via optical excitation process.

(b) Recombination of electron-hole pairs via optical excitation process.

16- Direct inter-band optical transition occurs:

(2).When minimum of the conduction band and maximum of valence band exist
at different points in k-space (i.e., ki # kr ). -

(b) When minimum of the conduction band and maximum of the valence band
exist at the same points in k-space (i.e., ki = k).

17- Doping process of semiconductor via incorporation of some impurities into
the crystal lattice sites results in:

(a) A decrease in electrical conductivity due to the decrease in the concentration
of free charge carrier.

(b) An increase in electrical conductivity due to the increase in the concentration
of free charge carrier.

(¢) No change in electrical conductivity.

18- The enhancement of the optical, electronic and photoelectric properties in the
nanosemiconductor is attributed to:

(a) The decrease in the nanoparticle size (D) accompanied by an increase in the
surface to volume ratio (S/V) of atoms at the nanoparticle surface.

(b) The increase in the nanoparticle size (D) accompanied by a decrease in the
surface to volume ratio (S/V) of atoms at the nanoparticle surface.

19- The observed, broadening, reduction and red shift of the exciton absorption
peak with increasing temperature in GaAs can be attributed to:




(a) Exciton-phonon scattering. (b) Exciton - electron scattering.
(c) Exciton - exciton interaction. (d) both (a) and (b)

20- Increase in the nanoparticle size due to improvement in the degree of
crystallization via thermal annealing process of the polycrystalline ZnS
nanosemiconductor results in:

(a) An increase in the optical band gap and enhancement in the PL intensity.

(b) A decrease (i.e., red shift) in the optical band gap associated with a decrease
in the PL intensity.

21- Metal resistance increases with increasing temperature due to:
(a) A decrease in the concentration of free charge carriers.
(b) The different types of scattering process of charge carriers.

22- 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;

23- One of the most important properties of semiconducting material is:
(a) The negative temperature coefficient of its resistivity (i.e., p a1/T).
(b) The positive temperature coefficient of its resistivity (i.e., p aT).

SECTION B: Put a sing (V)in the front of the right sentence and a
sign (x) for the wrong sentence:

24- Electrical conductivity of semiconductor increases exponentially with

temperature according to the Arrhenius equation: g; = 0, exp [— ZKg T].
B

25- To have high performance efficiency for the photovoltaic cells and
photodiodes, it is preferable to use direct band gap semiconductor materials like
GaAs, ZnO, ZnS and CdS etc..

26- Increasing in the degree of crystallization and a nanoparticle size as a result
of thermal annealing process leads to increase in the optical energy gap and the
photoluminescence of (PL) intensity.

27- Photovoltaic energy conversion depends on the number of photons striking
earth surface which have energy larger than the band gap of the semiconductor.
Such photons are absorbed and promote an electron from the valence band to the
conduction band.

28- The enhancement and spectral Blue shift of PL emission spectrum towards
the short wavelength region is attributed to the reduction in a semiconductor
nanoparticle size (quantum size effect).

29- The mobility of charge carriers in semiconductors is slightly increases with
increasing temperature as a result of scattering processes.




30- Intrinsic photoconductivity can be occurred due to optical absorption by the
host atoms accompanied by photo-generation of a free electron-hole pair for each
absorbed photon.

31- Impurity photoconductivity occurs in n-type semiconductor as a result of the
optical absorption by localized donor atom, accompanied by the creation of a
free electron in the valence band and positive ion bounded to the donor atom for
each absorbed photon.

32- Presence of non radiative surface defect states in CdS nanostructure results in
enhancement and blue shift of both the forbidden energy gap and the PL
emission spectrum.

33- The efficiency of amorphous silicon solar cell is higher than that of defect
free mono-crystalline silicon cell.

34- Increase in the temperature of GaAS semiconductor leads to broadening.
reduction in the intensity and red shift of the Exciton absorption peak towards the
long wavelength side of the optical absorption spectrum.

35-The optical band gap of pure semiconductor increases with increasing
temperature due to electron-electron and electron -phonon interaction (scattering
process).

36- Under the forward-biased of n-p light-emitting diode (LED), the electrons
from conduction band of n-region recombine with the holes exist in the valence
band of p-region.

37- A localize center is assigned as trapping center, if the captured carriers has
high probability of thermal re-excitation to the free state at a near allowed band
than its recombination with a carrier of opposite sign.

38- Free carrier life time can be defined as the time that an excited electron or
hole spends in the conduction or the valence band respectively before its
recombination with a carrier of opposite sign..

39- The gain of photoconductive can be defined as the ratio of the minority
carrier life time (1) and the transit time (t).

40- When CdS semiconductor absorbed light with photons energy hv > E, at the
absence of the external electric field, then the photo-generated electrons and
holes will contribute to the photoelectric conduction.

41- In the manufacture of photo-detectors and photodiodes, it is preferable to use
semiconductors with high photosensitive and have a high photoelectric gain and
photo response speed.

42- Photodiods can't be used in street light control, optically activated switches
and information storage.

43- At steady state value of a photo-conductivity (where nst= Gt), the rise curve
of the photocurrent is described by: Ag = Aoy [—exp (—t/t], whereas the




decay curve is given by: Ag = Aoy [1 —exp (—t/1].

44- When an electron is captured by an excited center in the band gap containing
a hole, or a hole being captured by an excited center containing electron. Then
PL emission can be assigned as defect related- PL emission.

45- The optical and optoelectronic properties of the semiconductors are not
affected by the structural native defects such as vacancies and interstitial in the
crystal lattice.

46- In direct band gap semiconducting such as CdS and GaAs, the optical band
gap can be determined by the extrapolation of straight line portion of Tauc's plots
[(ahv)?vs hv] to (ah1)? = 0, and the intercept with hv-axis gives hv = Ej.

47- In direct band gap semiconductor after optical excitation with photon
energyhv > E;, PL emission occurs after relaxation process of both the photo
generated electrons to the bottom of the conduction and holes to the top of
valence band before recombination process.

48- The light-emitting diode (LED), is a p—n junction diode, which emits light,
since electrons recombine with holes within the energy gap of the device under
the influence of an external electric field.

49- Incorporation of impurities in photoconductor leads to reduction in its
photosensitivity and speed of photo-response, along with extend of the photo-
conductivity spectral curve to a long wavelength side of the absorption edge due
to impurity absorption process.

50- The LEDs can have a relatively long useful lifetime, however its efficiency
decreases due to heating effect with the increase in the electr1c current,
associated with reduction in the lifetime of a LEDs. ‘

With best regards

Prof.Dr.Mohamed Abd-elhamed Osman
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Q1(16 marks): Put line under the correct answer :
1- The critical magnetic field is the field required for;

Quenching superconductivity - Improving magnetization - zero resistance
2-Thickness of superconductor for optimum order parameter is defined as;
Coherence length - London depth - G-L parameter

3- Meissner effect occurs when the material becomes;

Superconductor - Diamagnetic - Paramagnetic

4- The surface sheath of type (I) superconductor occurs when;

K> 0.419 - kg <0.419 - kg > 0.419

5- The G-L parameter of type (II) superconductors is;

KoL > 0.707 - kg < 0.707 - kgL = 0.707

6- The sign of TEP for a superconductor is usually

Positive - Negative — Neither negative nor positive

7- Onset of diamagnetism occurs when;

x/ is zero - X// is maximum - x/ is maximum

8- The value of specific heat of a superconductor at T, is;

~3Cen - Zero- <3Cen

9- According to London equation, the field at & equal;

(1/e)B(a) - B (a) - Zero

10- The specific heat coefficient p is inversely proportional with;

Debye temperature - Gas constant - London depth

11- Condensation energy of each flux line is given by;

H, th O HEh H’

£

8 8 87

12- Electron pairs formation occurs as a result of ;

Flectron-lattice interaction - Electron-Electron interaction - Both of them

13- A rapid change of C., at T, is ascribed to;

Electron energy - Energy gap - Phonon energy

14- The activation energy E, due to flux creep can be obtained by plot the relation between;
Infand T, - In fand /T, -fand Inl/T,

15- Superconductivity can be consider as ;

Good conductor - Perfect conductor- Both of them

16- Nb,Ge superconductor can be considered as;

Non-superconductor - Conventional superconductor - high T, superconductor
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(2(44 marks): Put line under the correct answer :
1-The energy gap at 0 K for T. = 100 K superconductor equals;
4.86 x 10721 J - 4.16 x 102 J-12.16 x 107°J
2-Ifn(0) = 12.16 x 10° /em’, T, = 150 K , then n (100) equals;
9.758 » 10*' Jem®- 9.558 x 107" /em”® - 9.798 x 107" /em®
3£ T. = 150 K, 2 (0) = 0.51 pum. then % (100) equals;
0.569 pm - 0.549 pm - 0.559 pm
4-1fE,=0.112 Jand f/((T) = 0.958 J , then /,(T) equals;
1.081J-1.061J -1.07J-1.081J
5-1f He, =20 T, pp = 5x 107 (Q.m), then y for Hg:1211 equals;
1.011 x 107 (J/Kg.K) - 0.988 x 107 (J/Kg.K) - 1.211 x 107 (J/Kg.K)
6- The condensation energy at a critical field of 12 T equals;
5732J-5732J- 5.732J .
7-IfH, (0)=5T, T, = 150K, then H, (100 K ) equals;
2778 T-2.877T-2.768 T
8- If 3(0)= 5.1 pm, then H, equals;
1.267x10°T - 1.207x10° T - 1.246x10° T
9- If &(0) = 2.1 wm, then He, equals;
7.474x10°T -7.407 x10° - 7.496x107
10- If£=10.81 wh and %= 0.6 pm, then 6, equals;
8.36H, - 8.66H, - 8.96H,
11- If G-L parameter xg_ = 0.511 and H, = 0.21 T, then Hc, equals;
0.149T- 0.137T-0.152 T
12- If G-L parameter k. =0.511 and H, = 0.21 T, then Hc; equals;
0247 T-0.237T-0257T .
13-1fr=0.45 um and H, = 0.125 T, then I equals;
0.025x10° (A) - 0.031x 10 (A) - 0.028x 107 (A)
12(51{\',"21:' 10°m/s, Eg = 107 eV, then BCS cooper size equals;
638.4° A - 629.42 A - 63438 A
15- If the electron radius = 2.82A, then the inter-pair distance equals;
561 A-5.66 A-5.64 A
16- If the atomic weight of Pb superconductors is 207, then T, equals;
0.065K-0.712 K- 0.069 K
17-If T, = 110 X for a superconductor, y = 0.0125, then H.(0) of BCS equals;
14.569 T - 14.780 T - 14.699 T

18-Ifa=73.883 A and b = 3.891 for Y:123, the orthorhombic distortion OD equals;

0.0020 - 0.0023 - 0.0021
19-Ifn (0)=12.16x 10%! /om®, condensation energy = 337 T, then A, equals;
1.366 x 10707 - 1.406 x 107" - 1.386 x 10J
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- 3- The formula of BCS energy gap invalid when T, goes above 40 K.

13- The peak of _X\\ is due to current penetration up to the center of the sample.

1 £ 4 -~ .
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20- The value of flux quantum in SS as compared to NS is;

Twice its value - similar value - half its value

21-IfH., = 4.1 T, then Hes equals;

6.937 T - 6.967 T- 6.949 T

22-IfHe; =7 Tand H, =4 T, then Kg; equals;

0.756 - 0.7115 - 0.732

(3(30 marks): Put Vor X:

1- Surface energy is the difference of free energies between NS and SS.

2- Condensation energy is the energy required to break the Cooper pairs.

4- When I > 1., a voltage appears and linearly increases with the passing I.
S- The slope (dV/dI) defines the flow of flux resistance R,.
6-The entropy of electrons in the NS is higher than SS.

— e TN
N N N e = T

7- In normal core of mixed state, y(r) increases over a length equal & . ()
8- In normal core, the field partlally penetrates in the form of vortex line. ( )
9- When By =Fy the vortex lines will move as flux flow. (
10- When F| = F, , the v_oi‘tex will localized at the top of the well as flux free

11- Superconductivity is quenched when the flux is flow starts.

12- London equation can be written as; Bx = Boexp( — ).

/L

~
N I N R
- = N N N

14- According to Messiner effect, M=-H and y, = -1

15-Is the relation;  * 2 @ correct ¢ )
16- Type (I) has defects which tend to pin the bundles of vortices lines (¢ )

17- Type (II) has no defects and the flux can move easily at He;

S’

18- The super-train is made to enhance the friction between the train and its tracks. (
19-Supercond. are used in radar to increase the noise of external electromagnetic field.  (
20- The sign of thermoelectric power (TEP) is usually negative for a superconductor.  (
21- Zero-field cooling can be done by heating superconductor to T, at (H <H,). (
22- Field coohng can be done by applying field (H > H.) on a superconductor.
23- The current of normal metal generates a voltage and causes no dissipation. ()
24- The Cooper pairs carries move as a super-current with highly dissipation. )
25- The breaking of pairs requires energy less than the binding energy of them. )
26- In superconductors, the energy gap is caused by electron-lattice interaction. ()
)

27- In an insulator, the energy gap is caused by the electron-electron interaction.

" 28-The T. of Y : 123 is about 38 K ( )

29- The T, of Bi:2223 is about 89 K «C )
30- Flux quantum in supeuonductor equal 14.14 x 10° 1 (Web) ()
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Oral Exam (10 marks):
Q1(6 marks): Put line under the correct answer :
1- Flux flow resistance R, depends upon;
Applied fields - Current and temperature - Both of them
2- If (Af) 1= = 0.11 J, then coefficient of specific heat y for Ti: ’723 equals;
2.928 x 107 (J/Kg. K)— 2.528 x 10° (J/Kg.K) - 2.728 x 107 (J/Kg.K)
3-Ifthe apphed field is inclined by 90° to the surface, then;
Hi=H, - Hy=H,4 - H;=Hg
4- When F| =0, the flux vortex will localized in the well as;

Flux creep - Flux flow - Flux pinning
5- MgB, system can be considered as;

Type I superconductor - Conventional superconductor - hlgh T, superconductor

6- The pinning radius 1s usually in the order of;
Coherence length - Mean free path - London depth
02(4 marks): Put VorX:
1- The highest value of T, for Hg:1223 is about 134 K
2- When F| < Fp , the flux bundles will flow from their potential well.
3- The peak temperature is taken against the peak of a
4- The center of each bundle is called the creep center
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