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2. Mention any two active and passive diclectrics with their applications (or)
Compare active and passive dielectrics. (April 2003, June 2009)

'S.No. ! Active dieleetrics Passive diclectrics

e st sy b dha ot g S
i Diclcclrics wlnch can La‘all)’ Diulcctrics which restricts  the |

» adapt itself to storc the electrical | flow of clectrical energy in it are
energy in it is called active|called passive diclectrics

diclectrics,

Examples: glass, mica, plastic

2. Examples: Piezo elcctrics
Ferro electrics, Pyro electrics
3. |It is used in the production of|It is used in production of sheets,
- {pipes efc., N

ultrasonics.

(April 2003, May 2011)

I e T s

3. Define clectronic polarisation.

When a dielectric material is kept in external field (E), the positive and
negative charges in the dielectrics moves in opposite direction, therchy creating a
d.pole moment. This process is. Lnown as elccrromc poldmduon

Tlh. mduccd dxpole momem u= aeE

where o, — clectromc polansatmn g 24
4 Def ine Iocal (or) mtemal f:eld in dxelecmcc ' "'(Noi* 2003, Dec 2003)

When a dm]cctrw 13 kept in an extemal electm field (E). two fields are

cxcﬁed due. to (:) extemal ﬁeld and (i)’ dspole moment created. These long range
of coulomb forccs Whlch are craated duc to mc dxpolf:s are called internal field

(OJ'J lmal ﬁ{.ld i d:elc(.,mc LR

E E+*+—_'—.—_
It is gmn b_Y mt < 3&,

] . where P 3 Pd}arisa'ﬁdn o <.
go — Permitivity in free spaz:t,

5 Wiaar is meant by d:elecbvc t'ass amf Zoss tangent? Why it occurs?
- {Nov 2002 June 2005 June 2009, June 2010, May 2011)

0 When a dielectric material is SUbjCCth to electric field, the electrical energy

is absorbed by the: dielectric. and certain amount of electrical energy is dissipated
in Lhe form of .:.':dt energy, 'Hns loss in energy m the form of heat is called dielectric
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The power loss Pr e tan §. where tan O is called loss tangent and O is cmed]
.l('l!aq dllt.le

This dielectric loss mainly occurs due to the imaginary part of complex
d ~lectric constant.

t . What is meant by dielectric breakdown and dielectric strength.

{April 2002, May 2009, June 2010, May 2011, June 2012)

Dielectric Breakdown: When external field applied to a diclectric material
is greater than the critical field. the diclectric losses its insulating property and
‘becomes conducting. Therefore a large current flows through the matenal. 'Hns_
phenomenon is called dielectric break down.

Dielectric strength: It is the minimum strength (voltage) required per unit
thickness of the dielectric material 1o produce dielectric breakdown.

7. E-‘Pt‘afn electrochemical breakdown in diclectric. (May 2003)

- This type of breakdown occurs due to the presence of coirs and their mobility.
The*;e 1mpunhe\ causes leakage current and energy loss in the materials. Thus,

when the: temperature of the dielectric material is increased, due to the pre:ence_;_-.
of cmrs Lhe chemical reaction is accelerated and hence the matenal bewmes___:_
Condux.tme, -causmv electrochennc [ breakdown.

3 ;Wem‘mn ﬂze ranous dwfecm.f.: breakdown mechanisms. : {Dec 2005)

' Imrmqu, break down : (b} Therrm] break down -

c) Ditharce. bft‘SL dawn td) Elecnﬂ..hemlcal hrcak down i

i" he drefgcmc co::s?arzr of warer is 30 Is nf.zter a aoofi d:elfcmc'-’ Is it usqfufﬂ
tamge in capaczrors‘? Jt.t.mﬁ wm- answer s (\‘Iav mu)_;:

\l
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10. What are the requirements of good insulating materials?
(June 2010, May 2011)

It should have low diclectric constant.

t

It should possess low diclectric loss.

(IS

[t must have high resistance.

4. 1t must possess high diclectric strength.

5. It should have adequate chemical stability.
6. It must have high moisture resistance.

11. What are dielectric materials? Give its properties. (June 2009, May 2011)

~ Diclectrics are non-metallic materials which have permancnt clectric dipoles
(or) has an ability to produce cnormous induced dipoles in the presence of cxternal
electric ficld. :

Prupertles =

(1) It has high spec1fic resxslance :

(1) It has negatwe temperature cecfllcxent of reqsqlfmc'.,
(ili) large insulation res:stance -

12. Define dielectric canstant | .l. ¢ 2 i ~ (June 2010, May 2011)

Dielectric constant (er) is Lhc meazsure of the po]amatmn produced in the
matcnal At is the I'dth betwetn thc dbsolutc penmmwty (¢) and the permittivity
_'_'of frec .space (Eu)

Whar are thc m:cmvcopm palansatwn mechamsm mvolved in dielectric
_ 'polansrdmn? mar - = (June 2009)
There are four mechamqms mmh ed m electrlc poiansatlon

L "'.-‘I(i) Electric polarisation

(i) lonic polarisation |
- (iif) Orientation polarisation e e

(1\’) Spacc—charée Polamaugn
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(Dec. 2009, June 2010)

The process of displacement of cations and anions in the opposite directions,
of a dielectric material kept in external electric field (k) is called ionic polarisation.

14.  Define ionic polarisation.

Induced dipole moment pt = oy £

where o ionic polarisability.
I5. Define orientation polarisation. nc, 20050

The orientation of polar molecules with respect to the field direction is called
oricntation polarisation (P)

ie, P,=No,E

where N = Number of atms

0 — Oricntation Polarisability

16. What are the different break down mechanisms that occur in a dielectric
material? (June 2009, May 2011) l

The following are the break down mechanisms that occur in diclectrics.
(i) Intrinsic (or) Avalanche brecakdown

(i) Thermal breakdown

(iii) Chemical and electrochemical breakdown

(iv) Discharge breakdown

(v) Defect breakdown

17. Discuss the discharge and defect breakdown in dielectrics. (Dec. 2009)

Discharge breakdown: when a dielectric is placed in an external clectric field,
the occluded gas bubbles present in the materials will easily ionise and produces
large ionization current. This phenomenon is known as discharge break down.

Defect breakdown: These breakdown occurs due to the defects such as pores,
cracks, etc in the dielectrics. These vacant positions which consists of impurities
~ produces breakdown and hence called defect breakdown.
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I. Define polarisation vector and electric displacement vector.

Polarisation vector (I_’f: It is defined as the dipole moment per unit volume.

(ic.) P= %

Electric displacement Vector (ﬁs: It is the amount of electric flux/energy
PEer unit area

2. Prove Xe=€—1

We know polarisation I?)=ener_ i

P |
(OI') k2 e == ' I
X B | = . (1)
ﬁ
Since '}—)?: €o (Er = 1)
(or) —=g -1 «1(2)

Comparing equation (1) and (2) we get

T T A

Thus proved.

iy

3. Distinguish Lorentz force and Coulomb force in dielectrics.

Lorentz force: It is the repulsive force between the nucleus and the electron
cloud of a dielectric material when kept in extemnal electric field.

Coulomb force: It is the attractive force between the nucleus and the electron
cloud, which try to maintain the equilibrium position of the dielectric material kept
in an external electric field.

4. Define space charge polarisation.

When a dielectric is placed in an electric field the diffusion of ions take
place along the field direction, giving rise to redistribution of charges in the
dielectrics and this phenomenon is known as space charge polarisation.
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Alignment of random

with respect to nucleus molecules takes place
2i Examples Inert gases Alcohol, methane, CH3C!
3. | Temperature dependent | Independent of temperature | Dependent of temperature
4. |Relaxation time very fast slower
5. |Power loss low higher
6.

Frequency range

. 12
Frequencies upto 10'°Hz and | Frequencies about 10'? Hz
above. '

6. What are the w

The electric br
following properties.

(i) It should possess high dielectric strength and low diclectric loss.
(i) It should have less density and thermal expansion.
(i) It should have high

(iv) It should be pure.

'ays in which the dielectric breakdown can be minimised.
eakdown can be minimised by choosing the material with the

resistivity and sufficient mechanical strength.

(v) It should not possess any defects.

7. Define Gauss law and write the equation for the total flux,

when the charge
is placed inside the surface and outside the surface.

The total Electric flux (¢) or the Total Normal Electric Induction (T.N.E.I)

of the electric field E over any closed surface is equal to Ela times the total charge

enclosed by the surface.

e
' Wﬁfﬁiﬂ%

. r
il "#"\?ﬂ" }\2';;.

Case (i) When the electric charge is situated inside the closed surfa
The total flux through the entire closed surface is given by :

ce

q
2 =L
€0




EnggTree.com

The Total flux = - —2 dw + q do=10
dme, -

8. What are the uses of Gauss law?

Case (i) For a charge outside the sphere L

. It is used to find the electricfield. If, the charge distribution is so
Symmetric, by constructing a closed surface (Gaussian surface), the
electric field can be find out.

2. Gausss law is one of the fundamental equation of electromagnetic
theory. i.., it is one of the Maxwell's equations.

3.

One can derive coulomb’s law from Gauss’s law. So, Gauss’s law is
more fundamental than coulomb’s law.

9. Mention some of the solid insulating materials and its uses.
(@) Mica

It is made of silicate aluminium with silicates of soda potash and magnesia.
Uses

1. It is used as insulator in commutator segment.
2. Itis used in the form of tapes in high voltage alternators.
(b) Asbestos

It is a naturally occuring mineral material of fibrous structure made of
magnesium silicate.

Uses

1.

2

It is used in electrical machines to withstand high temperature.

It is used in the form of paper, tape, cloth and board, for insulation. '|
(c) PVC (Poly Vinyl Chloride)

It is produced by treating acetylene and hydrogen chloride in the presence
of a catalyst at a temperature of about 50°C.

Uses

1. It is used in the manufacturing of PVC films, tapes and pipes.

2. It is used as insulation for batteries, conductors and cables.
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10. Give some of the liguid insulating materials and its uses.

" (i) Synthetic Insulating Oils . -
When we compare this with mineral insulating oil, the propertics are
degraded. Askarels have thermal stability upto 110°C and are manufactured from

chlorinated hydro-carbons.

They are used as cool

Uses . |
ant and insulant in high voltage transformers. "

' (i) Miscellaneous Insulating Oils

Silicon liquids arc costly and they
high viscosity and high dielectric constant. It is use

used in capacitors.

have stability upto 200° C. Vaseline has
d for impregnation of papers

Uses
1. They are used in High Voltage (H.V) transformers.
ce resistivity of ceramic insulators.

2. They are used to increase the surfa

11. List some of the gas insulating materials and its uses.

(i) Vacuum
Vacuwm means free space without air. So creating a vacuum place is a type

of insulation.

Uses : "
It is used in (i) X-ray tubes (ii) Electronic valves (iii) Particle

accelerators (iv) Microwave tubes (v) Low-loss capacitors, etc.

(ii) Air

Air is a naturally occuring dielectric. The atmospheric gas consists of a
number of gases say N2, 02, He, CO3, Ne etc. ]

i Uses
(i) They act as insulators in switches, plugs and various electrical machines.

(ii) They are used in low voltage applications. .

12. Define capacitor and mention its unit.

A capacitor or a condenser is a device which essentially consists of two
cqnducung suxfa?cs separated by an insulating material, (called dielectric) say oil (or)
mica. The capacitance of a capacitor increases with the presence of a dielectric
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13. Mention some of the types of capacitors. Give examples.
Capacitors can be classified into three catcgories

(a) Capacitors with solid dielectric
(b) Capacitors with air as the dielectric
(c) Electrolytic capacitors

Examples for capacitors with solid dielectric
The Leyden Jar, Mica capacitor, Paper capacitor.

Example for capacitors with air dielectric
Variable air capacitor.

14. Give any four applications of dielectrics in transformer.
(1) Synthetic oils are used as coolant and in high voltage transformers.

(i) Mineral oils are used as transformer oils.
(11i1)) Petroleum oils are used in transformers and circuit breakers.

(iv) Miscellaneous oils such as vegetable oils, vaseline etc are used in High
Voltage transformers.

15. Write any four applications of dielectrics in capacitors.

(i) Ceramic materials are used in high frequency capacitors and disc
capacitors.

(i) Electrolytic solution of sodium phosphate and ammonium tetraborate are
used as wet type and dry type electrolytic capacitors respectively.

(iii) Mica is used in discrete capacitors.

(iv) Papers filled with synthetic oils are used in power capacitors.

16. Define piezoelectricity and list some of the piezo electric crystals.

When mechanical stress is applied on dipolar crystals, electricity is produced
due to the displacements of dipoles. This phenomenon is called piezoelectricity
and those crystals that exhibit this property are termed as piezoelectric crystals.

Examples
Quartz, Topaz, Tourmaline Barium titanate, Rochelle salts, Lead titanate, etc.

are some of the examples for piezoelectric crystals.

- uome.



17.

cations of a piezoelectric crystals.

Give any two properties and appli
Properties |
(i)  Piezoclectricity phenomenon ecxists due 1O crystal  anisotrophy |

(amorphous materials arc not piezoelcctnc)

(i)  Piezoelectricity and pyroelectricity have linear effect.

Applications

(1)  Piczoelectric crystals are used in microphones, ultrasonic devices, sonar
detector etc.

(i) Piezoelectric crystals acts as a’ transducer and 1S used to generate
ultrasonic waves.

18.  Define pyro electricity and list some pyzo electric crystal.

Pyro means heat, some piezoelectric crystals when heated, then it produces
electricity to a small extent and this phenomenon is called pyroelectricity. The
crystals that exhibit this phenomenon are called pyroelectric crystals.

Examples

Tourmaline, Gallium nitride, Cesium nitrate (CsNo,) Lithium tantalite
(LiTaO;) are some of the examples of pyroelectric crystals.

19. List any two properties and applications of pyroelectric crystals.
| Properties :
; (i) Pyro electric crystals will have unidirectional polarization

(ii) These crystals are Non-centro symmetric in nature.

Applications
(i) The pyroelectric crystals are used in IR detectors, elements.
l (ii) These are also used in temperature sensors.

| 20. What is meant by ferroeleciricity? Mention some of the ferroelectric
materials? - |

When a dielectric material exhibits electric polarisation even in the absence
of external field, it is known as ferro-electricity and these materials are termed
as ferro-electrics.

Examples )
(i) Rochelle salt, (1) Barium titanate,

(iii) Potassium niobate,
(v) Lithium tantalate,

(iv) Lithium niobate,
(vi) Lead-zirconate

f

———
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tion some of the properties ferroelectric m

jals.
21. Men ateria

Propertics | N
(i) The diclectric constant of these ferro-clectric material 15 a

it will not vary with respect to tempcerature.

e 2000 and

(ii) The dielectric constant (€,) reaches maximum value only at a particular

temperature called curie temperature.

(iii) The polarization does not varies linearl
and hence these materials are also called as non

(iv) Ferro-clectrics exhibits electric polarisation very easily. eve
absence of external electric field.

y with respect 10 electric field
.linear dielectrics.

n in the

22. List out some of the applications of ferroelectric materials.

Applications
(i) Ferro-electric materials are used to produce ultrasonics.
(ii) They are used in the production of piezo-clectric materials and i
to make microphones.
(iii) Ferro-clectrics are also used in SONAR, strain gauges, etc.

(iv) Ferro-clectric semiconductors are used to make positors, which is turn
are used to measure and control the temperature.

(v) They are also used as frequency stabilizers and crystal controlled
oscillators.

n turn

23. What is meant by an oscillator? Give its types.

Oscillators

Oscillators are defined as the circuit which converts D.C. energy to A.C.
energy ar a very high frequency.

Types
Electronic oscillators may be broadly divided into the following types viz.,

() Sinusoidal (Harmonic) oscillators — which produces an output in the form
of sine waveform.

(i) Non-sinusoidal (relaxation) oscillators — which produces an output in

ll_n: form of square, rectangular, saw-tooth (or) pulse shape (other than
sine wave form).
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; scillator.
24. Give some of the applications of Quartz 0

Applications
1. Due to the extreme sta
communication transmitte

illators are used in
s al these OSCl
bility of cryst .
rs and receivers
ow cost therefore it may be

ize and 1 :
o5 quch as microprocessors,

2. Crystal oscillators are compact 1 .
used in electronic guidance = Systems

microcontrollers, etc.,

3. It'is also used in Space tracking Syst
positioning systems (GPS).

4. These crystal oscillators plays a vit
video cameras, cellular phones, etc..

em, modems, sensors, Global

al role in cable television system,

25. What are the advantages and disadvantages of Quartz oscillator.

Advantages .
1. They have high order of frequency stability.

2. The quality factor of the crystal is very high.

Disadvantages . 4
1. They are easily broken and can be used in low power circuits.

2. The frequency of oscillations cannot be changed appreciably.

26. What is meant by a filter? List out its applications.

A filter circuit passes one band of frequency and rejects another band of
frequency (without any attenuation).

Applications
1. Due to the extreme stability of crystal these oscillators are used in
communication transmitters and receivers,

Crystal oscillators are compact in size and low cost therefore it may

be- used in electronic guidance systems, such as  MicCroprocessors,
microcontrollers, etc.,

It is also used in Space tracking system
positioning systems. (GPS). » modems, sensors, Global

These crystal oscillators plays a vita] : '
: ]'Ole 1n i :
video cameras, cellular phones, etc. cable television system
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27. What do you understand by the term pass band, stop band and bandwidth?

(i) Pass band
The band of frequencies of the input signal that pass through the filter without

any attcnuation is called pass band as shown in Fig. 1A
(ii) Stop band
The band frequencies of the in '
put signal that | i
filters are called stop band as shown in F%g. IA.a S e |

f, Lower Cut-Off Frequency
f, Upper Cut-Off Frequency
f, Center Frequency

Bandwidth

0db |—
~3db [

Gain

Frequency
Fig. 1A

(iii) Bandwidth
The range of frequencies that are passed (band pass filter) without any
attenuation (or) the frequencies that are attenuated (band reject filter) is called ||

bandwidth (B) of the filter as shown in Fig. 1A.
It is the difference between the cut-off frequency f2 and f of the band pass

(or) band reject filter.

: o
.loe., 'F ). f
b AR

28. What is meant by Active filter and passive filter?

(i) Active filters
tors along with operational

Active filters
amplifier (or) transistors an

are made up of resistors, capaci
d other active cogiponents.

(i) Passive filters
of passive components, such as resistors,

Passive filters are made up
capacitors and inductors.
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29. Classify the types of filter based on their frequency respon e

Based on the frequency response, the filters are further classified into five
categorics, viz.,

(1) Low pass filter

(i) High pass filter
(iii) Band pass filter
(iv) Band reject filter . "
(v) Al pass filter

30. Compare the various types of filters. |

SLNo.| Low pass filter | High pass filter Band pass filter Band reject filter

1. Passes all | Blocks all | Passes the frequencies | Blocks the frequencies
frequencies  from |frequencies  from |from lower cut-off |from lower cut-off
zero o cut-off|[zero  to  cut-off | region (f;) to higher |region (f;) to higher
frequency (f}) and |frequency (f) aod|cutoff region and |cut-off region (f) and
blocks l.hc remaining | allows the remaining [blocks  the (fy) | passes the remaining "

frequencies. frequencies. remaining frequencies. | frequencies.

2. It has one vertical [It has one vertical[It has two vertical |[It has two vertical
transition. transition. transitions. transitions.

3. It has zero attermation | It has zero attepuation | It has zero attenuation | It has zero

in pass band and|in pass band and|in pass band and | attenuation at all
infinite  attenuation | infinite attenuation in |infinite attenuation in ! frequencies.
in stop band. stop band. stop band.

Stsp Band

—-— — ]
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1. Define clectrical conductivity, EnggTree com (April 2002‘:

The electrical conductivity is defined as the quantity of clectricity l]mwnnr
per unit area per unit time maintained at unit potential gradient.

Unit: @ 'M™!

" a ! ‘ T
l:.xprcss:on Qi e il
e m- Ay
whcm n— Numhu of {ree clci';im'n"s perunitvolume

¢ - chi 1r"c 0{ an elnchon

T~ Rchlxallun mnc

- mass ni un bltCll'Un

2. D"f ne. Mﬂbthtv of F It'clrom.

When clectric field (E) is dppl[td to' :nclalm the ch_u:ton': movc.'_,:_
direction opp(mlc to the ficld direction w:lh the vclcmty 0 tlu,n moblhty o_r
L]CCII’OII s dcfmu] as thc w.locﬁy 'u,qumd by llm clccnon pel"umt elcr:tnc 11le (E)
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| o Give the postulates of free electron theory. (June 201

" (i) ctrons in the metal moves freely, similar .lu the }?ilh‘
| and it obeys the classical kino.ic theory

al ficld due 1o 101

The free cle _ _
of gases.

p o in @ VESSE

movin
1 fixed

These free olectrons moves i a constant potent

| (i1) _

" in the latnce. |
:35' (iid) when fiehd is applied the lree olectron moves in the direction opposite
| (o that of the field direction.

\ (iv) Dueto field applied. they acquire a velocity called drift velocity .:m'd the |
rE electron velocities in the metal obeys the Maxwell-Boltzmann statistics.

| . , |
| 4 Define Drift velocity and give its formula. (June 2010, June 2011
is defined as the average velocity acquired by the free electron |

! Drifl velocity
| i a particular direction, due to the application of electric field and 18 denoted by
; s(ler V.

| the let d ¢ T“E

— o —

Formula: v, =
m

|; where ¢ — charge of the electron
T, — mean collision time
E — field applied

| m —> mass of the clectron

(June 2009)

5. Distinguish between relaxation time and collision fime.

| g ——

S.No. I‘ Retaxation Time (7)

o i s

Collision time (Tc)

ime taken by a

|
i | i1t is the time taken by the free ]t is the average 1
between two

| lelectron to reach its equilibrium | free electron
| {position  from its disturbed | successive collision.
'. | position, due to the field applied.
|
1=1071% seconds (Approx) Te=A/€
where A — mean free path

Z — Root mean square velocity

E'J

6. Define mean free path. (June 2009, June 2012)
The average distance travelled betwaen two successive collisions is called

mean free path. It is denoted by the leper A’

Mean free path A=€T,

where Z — Root mean square va{6-. .y of the electron
e —I :_‘-'

t_— Collision time oy
e 1‘3-{:‘*» P o ! :

E—
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R

__ _______"_'_—'—-————__-_:.__ —_————
(1. What are the drawbacks of

‘ classical free electron theory :
(June 2005, Jupe 2007, June 2009, June 2010, May 2011)
(1 1t is a macroscopic theory

(i) Classical theory states that
quantum theory states th
(i) This theory canpot
paramagnetism, o

all free electrons will absorb cnergy, but
at only few electrons will absorb energy.
explin the Compton, photo-electric  effect,
ITOmagnetism, efc, "
(iv) The theoretical and expetimental values of specific heat and electronic
specific heat is not matched,

(v)

LAY I Q1 A <
By classical theory o7 constant for all temperatures, but by Quantum

| K' —
} theory o7 constant for all temperatures.

(vi) The Lorentz number by clas

with the experimental value
| 12. Define Fermi energy
(Nov. 2002, Nov

sical theory does not have good agreement
and is rectified by quantum theory.

level and Fermi energy

2005, June 2007, June 2009, June 2010, May 2011, June 2012)_;--
: Fermi energy level:

lt 18 the hwheal reference energy lev
| absolute zero. It is the state

. i at which the probability
| at any temperature.

with its importance.

el of a pamcle atl
of electron occupation is 50%

Tmportance: 1t is the reference energy level which separates mE-ﬁll_gd'_ energy
levels and vacant energy levels., st : = =

Fermienergy (Ep: It is the maximum energy of the qu'mtum' s.ta‘le:-j-}i
corresponding to Fermi energy Tevel at absolute zero. It is also the energy of '_
at which the probability of e]ectmn occupation is 0% at any temperature

Dnportance:  Fermi enercv determines !hc energy of the pamcle at any. tempera""

13 H rite rhe Femu-d:mc d:smbunon funcnon and gwe its mzpor!‘ance' :
e {April 2003, Nov. 2003 Dec 12003, Junc. 2010, -May 2011)

Fermi ﬁmcrwn F(E): l"enm—dlrac dlbﬂlbllfl()ﬂ functmn Tepresents the
probabdxty of an electmn occupmw a m en enmgy 1eve1 It is gwen by

{E EF)/.K r

F —
(E)1

where ;= Boltzmann constant
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ﬂﬂﬁiaw'{"t { .:". i s

.-Impuri&ucé.' -,---'Elf:'f':gf\fés the probability of filling the electron within the Fermi
IZILVEI Hitiih '

.'-I" or eaamplc 11 HF) 0.7 means, there is 70%
1thm the Fermi ulugy level,

\ Draw the Fermi distribution curve at OK and at any temperature TK

(or) How does the Fermi function varies with temperature?
(Nov. 2003, June 2009, Dec. 2009, June 2010, May 2011)
‘'The Fermi function varies with Jr
' e at0K

s‘pcct to thc tunpcl ature as shmm in F:g [ Ky T
i 1] [
! Ep at T kelvin

1 '/
nempty Now when the temperature is 0[ ) -
Eg E'Fu+ Kg T

\increased, the electron takes an energy
\ Kp7 and hence the Fermi function falls to

chance for filling an electron

Energy —
Fig. Ka)

' (Apri] 2002, Nov. 2002)

Whar is mccm:‘ bv I" ermx crwrg_v af a meta!’

“efme de:m& aj smms and gwen an -example and state s importance.
i i - (Dec. 2003)

of states ami vkett'h the same for a mem}'
~ (May 2008, June 2010, May 2011)

"a'u. Dcns!ty ur f\mtc‘; Z(E)dE is defined as the number of available energy
cr unit volume in an uxu ay m!uv W dE.

| We can ny the denmy of slateﬂ 01 a cuhmal mela] plece ([Fig. l(b}] as

' Number of available energy states between
o« .. FEandE +dE in a cubical metal piece
l_(ﬁ) i Volume of that cubical metal piece
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directions in the al field. These electrons collides with cach other
and also with the latti i

encrgy of the clec purcly kinetic energy and hence the
potential energy is zero.

1. What is meant by a free electron?

Free electron is the clectron whi

ch moves freely (or) randomly in al
absence of extemn

2. List out the three main theories developed for metal-.

(1) Classical free electron theory, which is a macroscopic theory and it obeys
classical laws,

(i) Quantum free electron theory, which is a microscopic theory and it obeys
quantum laws,

(iii)  Zone theory (or) band theory is alsy a miee-- -~

‘c theory which is based
on the energy bands of solids,

3. What are the differences between D
electron.

rift velocity and thermal velocity of un

A S S S e e D R e S i SR £
Drift velocity is the average|Thermal velocity is the velocity of
velocity acquired by the free|an electron without any external

electron, in the presence of|field.
electric field.

2. |The electrons moving with drift| The direction of the clectrons
velocity moves in the direction|moving with thermal velocity is
opposite to that of the field|random

direction

3. |The velocity is very less, say in|The velocity is very high, say in the
the order of 0.5 m/s order of 10° m/s

— —
— —_—
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The C?-?fﬁcllem Co-efficient of Thermal
conductivity is defined as the|conductivity is defined as the
quantity of electricity flowing |quantity of heat conducted per
per umit area per unit time|unit area per unit time maintained

maintained at unit potential [at unit temperature gradient.
gradient.

i i

2. |Electrical conductivity is purely|Thermal conductivity is due to
due to number of free electrons. |both free electrons and phonons.

3. |Conduction of electricity takes|Conduction of heat takes place

place from higher potential end|from hot end to cold end.
to the lower potential end.

Unit: ohm™ ' m™! Unit: Wm™ ' K~

5. What are the similarities between electrical and thermal conductivity of metals?

1. The electrical and thermal conductivity decreases with the increase in
temperature and impurities.

2. The electrical and thermal conductivity is vcry"hi.gh atl low temperature. ||
3. For non-metals, the electrical and thermal conductivity is very less.

6. What are the success of classical free electron theory.
(1) It verifies Ohms law. | _
(ii) It explains the electrical and thermal conductivity of metals.
(iii) It is used to derive Wiedemann - Franz law.
(iv) The optical properties of metals can be explained using: this theory.

7. Discuss the variation of ﬁsisﬁvity of a conductor with'. respect to temperatures.
The variation of resistivity with respect to temperature can be explained as
follows. ' |
(i) The resistivity of a conductor remains almost constant at lower
temperatures. (p = constant) |
(i) The resistivity is proportional to T3 ie., po T° from llow temperature
to the Debye temperature.
(iii) The resistivity is directly proportional to T"i.c., p e T, above Debye
Temperature.
—_—— ERTIESEREEE S S
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8. What is meant by degenerate and non-degenerate states.

" : : ' y Lever
(i) Degeneracy: It is seen from equation (28) and equarion (29 )'! Jor !'(T‘ c’m:
combination of quantum numbers we have same €nersy eigen value ’::: ;‘:’ sren
eigen functions. Such states and energy levels are called Degenerate Slatc.

The three combination of quantum numbers (112), (12 and 211), WI"Cht gtlvcs
same eigen value but different eigen functions are called 3 fold degenerate state.

(i) Non-Degeneracy: For various combinations of quantum mumber if W;
have same energy eigen value and same (one) eigen function then such states anc
energy levels are called Non-Degenerate State.

Example

121
For n,=2n=2n, =2 we have Ezn:g;m_i and

B soseDIGE. 0 200 o 2R
=A[—= sin——sin—— SN ——
I Vo \j - a a a

9. What are the differences between quantum theory and zone theory?

In zone the 18
move in a region of constant|assumed to move in a region of
potential. periodic potential

2. |According to this theory the|Accordingly to zone theory the mass

. |mass of the electron remains |of the electron varies when it moves
constant, when it moves through |through periodic potential and is
‘l constant potential called effective mass of an electron.

3. |If fails to explain why some|It explains the behaviour of solids
solids behaves as conductors,|as conductors, semiconductors and
some behave as insulators and |insulators

semi conductors.

10. Define zero probability, unit probability and fractional probability.

| Zero probability: 1Tt is the state which remains always empty and the electrons
cannot be filled in it, i.e., F(E)=0

Downloaded from EnggTree.com
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Uﬂz P’;’b“b”‘"'.-"-' It is the state which is always filled with the electrons. i.e
F(E)= ¥

meffﬂ".ﬂ' probability: 'll w the state which may be filled (or) ecmpty (or) partially
filled by electrons (or) it is the state which is filled by the clectrons for some

| 11.

time and then will become empty, i.c., F(E) will be a fraction like 0.5. 0.6 etc

What is meant by tunnelling effect?

In quantum mechanics a particle having lesser energy (E) than the barrier

pmcnlia_l (W can ea.sil)' cross over the potential barrier having a finite width */'
even \\'l.lhﬂlll climbing over the barrier by tunnelling through the barrier. This
process is called Tunnelling.

| 12.

L

3.

4.

Mention any four occurrences of tunnelling effect.

The tunnelling effect is observed in Josephson junction, in which electron
pairs in the super conductors tunnel through the barrier layer, giving rise to
Josephson current.

This effect is also observed in the case of emission of alpha particles by
radioactive nuclei.

Here, though the ‘e’ particle has very less kinetic energy they are able to
escape from the nucleus whose potential wall is around 25 MeV high.

Tunnelling also occurs in certain semiconductor diedes called tunnel diodes.

Electron tunnels through insulating layer and act as a switch by tunnelling effect.

' 13. What do you understand by Fermi-dirac statistics and define fermions.

In the case of Fermi-dirac statistics the following points are considered.

(1)

(i) The electrons which obey the Fermi-dirac statistics are called as fermions. |

(i) Lach energy state can have only one particle with one spin.

(iv)  The number of encrgy states should be greater than (or) equal to number "
of particles, for example to fill say 9 particles, atlcast 9 states should
be available. |

(v) There is no restriction in choosing the particle, (i.e) we can choose any ||
particle to fill in any stal¢. |

(Vi)  The total energy of the system = Sum of all the energies of the particles.

The particles (electrons) are indistinguishable.
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14. Define scattering power of the potential barrier.
Scattering power of a potential barricr is defined as the strength with which

the clectrons are attracted by the positive ions and is given by
mV ba
P=—0:3
h—...
(

where m — mass of the electron
a, b — limits within which the electron is assumed to move

" — -;—;1; [7 — [Plancks constant]

15. What is meant by Brillouin zone? Draw the same for an electron in a one
dimensional mono-atomic lattice.
Brillouin zones are the boundaries that
arc marked by the values of propagation
=Pl 3
vector k in which the electrons can have e
. . y 3x/1 201 -l 0 Wl 21 3wl
allowed energy values without diffraction.

2nd Brillouin zone

13t Brillouin zone

Brillouin zone for an electron in a one
Fig. I(c) II

dimensional mono-atomic lattice as shown in
Fig. 1(c)

16. Will the effective mass of the electron be negative? Justify your answer.

Yes, the effective mass of the electron can also have a negative value.

Justification: The effective mass of the electron is the mass of the electron
when it is accelerated in a periodic potential and is given by

2
* h

m=———
d*E/di?

o

Here d_E,_ can vary from positive to negative value, therefore if d*E/dk* is

negative, then m" will also have negative value. Also, this negative effective mass

of an electron leads to the concept of hole.

Physically speaking the electrons with negative mass has same positive mass

as that an electron but it has positive charge rather than negative charge.
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17. Explain the concept of hole and give ity

When th.c 0'“‘—'“’?“’*’ are accelerated in g periodic potential, its mass varies
and it moves 1 th‘ direction OPposite to the direction of the applicd field, This
variation of mass of an ¢lectron is called as negative mass behaviour of electrons,

advantage,

Hole: The clectrons with negative m
posilivc mass as that an electron byt inste
poSSes positive charge.

ass is called as hole, which has same
ad of negative charge, the hole will

Advantage: If we have ‘n’ number of empty states in a nearly filled band,
then these " number of empty states can be considered as ‘n" number of holes.

18. What are the phenomenon that explains the concept of hole?
There are two phenomenon which cxplains the concept of hole viz.

(i) Hall effect

(1) Thomson elfect.

19. What is meant by effective mass approximation?

For an electron moving in a constant potential field m"=m. But for an

clectron moving in a periodic potential m” # m. Thus, when an electron moves in
a periodic potential the free clectron mass ‘m’ should be replaced by the cffective

* . . . . .
mass m  and this process is called as effective mass approximation.

20. What is f; of an electron? Distinguish between conductors, semiconductors
and insulators on the basis of f,.

Jy. represents the degree of freedom of an clectron, which is the measure of
the extent upto which an electron can remain free in the given energy state.

m
L

It is given by f, =

where m — free electron mass
m’ — effective mass of an electron

For conductors m=m" (ie.) fi=1, (ie.,) we have more number of free
electrons,

- . L]
For semiconductors m#m". .. izl
e
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y Compare free electron approximation and tight binding approximation.

L election Abbrosimuton. e \m ;\mwm\\ \\\\\\\m
RN "t' ‘%\‘\\\\\\ ""\"""‘-“i”%"':"‘ l \5’ \l WM@@&\\ \ &\\\\\\\ \ Y \ j
1.

The potential energy of the electron | The potential energy of the electrons

1s assumed to be lesser than its|is nearly equal to the total energy.
total energy. |

The width of the forbidden bands|The width of the forbidden bands
(Eg) are smaller than the allowed bands. | (£) are larger than the allowed bands.

3. |The interaction between the|The inleractions between the

neighbouring atoms will be very neighbouring atoms will be weak.
strong.

As the atoms are closer to each|As the atoms are not closer, the

other, the inter atomic distance |interatomic distance increases and

decrecases and hence the wave |hence the wave functions will not
i functions overlap with each other. |overlap
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I On the basis of spin how the rEnpgiielcom classified as para, ferro, "’mﬁ‘-”' 1‘0.\*_

i\

'\\

and ferri magnetic. (Nov. 2002) (Nov. 2003, June 2009, June 2 JW\: \\W
-]}_;'\:'\ \‘"\\“ \;\

(i) Paramagnetic materials have few unpaired clectron  spins of;s-uql_i
\“\‘\

magumdcs
(i1)

magni tudes.

(1)  Anti ferro magneuc: matermlx ]1aw e(}u..tl chl”lllﬂldt‘ oi spms hnt"
-_fiﬂtlpaldﬂel manner i A R
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B e ey =
B e

_——r—

ibili ( the magnetic materials in terms
Importance: It Jetermines (he \lth‘CI‘“h“”,\I” ; y

TP S, . srature,

: : nerature 15 less tham CUFE F_t-ﬂll“-“l re, a
of temperatures (i.c.,) I the temperatd il crature s preater than
paramagnetic material becomes diamapnetic: afit :

" i . ) COn
Curie temperature, a ferromagnetic material beco o s
| 3 ‘1 ‘
E ' , lerstand by the term, “magnelic domains
J 3. What do you undersia y (Nov 2002, 2003)
'r

(he temp |
es paramagnetic material,

walls™'? :

Magnetic domains are the small regions in a e
has a grn‘;lp of atoms. These atoms can be completely w_‘.;
exchange spin-spin interaction. The walls of these small re
called domain walls.

rromagnetic material which I
wnetised by favourable
gions (or) domains are

and co-ercivity in it.

4. Draw hysteresis loop and show the retentivily
(Nov. 2003)

The hysteresis loop, retentivity and co-crcivity is shown in fig. 3(a). ||
My
d
i
Retentiviy I / ‘:‘H“m
- - : 9

y -B
Cocrcivity

Fig. 3(a)

5. What are soft and hard magnetic materials? (or) Compare soft and hard
magnetic materials on basis of Hysteresis loop. give examples.

(April 2002, Nov. 2002, 2003, Nov. 2005, June 2009, Dec. 2009, June 2010, May 2011)

T P R S— T

——— e ——— i —

£ IThcy can be casily magnetised and :They cannot be c‘a-:;ilv magnetised
demagnetised. -(or) demagnetised. ;

F

Movement of domain wall is ca

! sy Movement of domain wall is not}
and hence even for a small applj

¢d.easy duc 10 the presence of !

field large Isation oceurs L RO 0
arg mﬂ@ﬂh . Cceurs. ilhlllpl?l'lllt.s. and hence large field is ||
T tequired for magnetisation, M
L T "
. oo
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I
s Tt : 3 |
! S.No. '! Soft Ho |
{ | . |
! . ! VYOTIY ) NS
! 3. | The Mysteresis loop 18 very steep as Ihe Hysteresis foop v ver) broad !
5 tshown i higure (Ab), hown in figure (3¢) !
| | MA vl E
II i {'-—':-‘-" — "'--—'rv .
| | |
o b |
i | i |
| t
I ]
| |

S
: v _._.,.—..-—-._F":I }
| Fig. 3(h) Fig. 3(c) i
and hence the |

4. 1loop arca is less and hence the The lToop arca is large
hysteresis loss 18 mintmum. hysteresis Joss is maximum.
Tungsten  steel,

3. iE’“"“PICM fron, silicon alloys, Carbon  steel,
Ferrites, Garnets ctc. 'Chromium steel,
"Cu-Ni-Fe (Cunite)
: 'Cu-Ni-Co (Cunico)
| ’ ALNi-Co (Alnico)

6. What is domain theory of ferromagnetism? (Dee. 2009)

The group of atomic dipoles organized into tiny bounded regions tin the
ferromagnetic materials are called magnetic domains. The boundarics separating
domains are called domain walls. In Ferro-magnets, when external magnetic field
is applied, the domains align and results in large net magnetization,

7. Define magnetic lines of force and magnetic lines of induction.(May 2011)
Magnetic lines of force: It is defined as the continuous curve in a magnetic ficld
which travels externally in the magnet from north pole to south pole.

Magnetic lines of induction: It is the imaginary lincs of forces which are supposcd
to travel from south pole to north pole inside the magnet.

8. Discuss the orientation of spin for dia, para and ferro-magnetic substances.
(June 2009)

Diamagnetic materials:  Here the electron spins are randomly oriented and mostly
they have equal and opposite spins. Thus the net magnetic moment s zero,

Paramagnetic material: Here the spins of clectrons will not be equal. which leads
to have some unpaired clectrons. Hence there exists some resultant magnetic
moment. Therefore in paramagnetic material the net magnetic moment is not zero.
Ferromagnetic material: In ferro magnetic matenals the number of unpaired
electrons will be more. Hence there exists a large resultant magnetic moment 1n it

— ~——————— ——Downloaded from EnggTree.com
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}E;Es for FElectrical Engmsﬂng}

N i tic moments. :
aterials based on their magne
!he magncuc m i gL 2011)5:

, J

I on
Thc Il‘ldLn“[IC m*ztcnais can be classified mtp tw

e 'resem,c of magnetic moments as fol]ows :
'p 3--matcn§s are clami‘ ed according to 1hc preqem,e or 2b'5;:nce of
etic dipoles. Generally, every WO elcutroml in :H; o

an atom wil’ forfn a pair with opposite Spins. Thus the res‘u tan ﬁt
Hem,c they don’t have permanent magnetic mom? Co_
s dmnmgnem marenah Examples. gold gcrmamum, silicor

5
But in :s.ome maguenc marcnals like iron, cobalt, efc., there em]itih 5 l:j]a
mag nenc moment of these unp'ured elec,trons mterac,t wit - j
in agncnc ‘moment in 2 parallel manner .;cs ting

These matﬂnalq:_‘_arc clasmﬁec__ mlo p

‘IdjOl' categories bascd

e ) Downloaded from EnggTree.com
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Magnetic Properties of Materials

345

The closed curve obtained during the cycle of magnetisation of a material
is known as hysteresis loop.

Inference: The arca of the Joop gives the cnergy loss (or) hysteresis loss during
the cycle of magnetisation, :

12, Deﬁne Bohr Mgneran. (June 2009, .lune 2010, May 2011)

- The orbital magnetic moment and the spin magnetic moment of an electron

in an atom can be expressed in terms of smallest atomic unit of magnetic moment
called Bohr magneton. R

L Bohr Magneton =S% = 1, = 9,27 10 Anf

13. What are the reqmred magnetic parameterv far remrdmg?

1. What is meant by magnetic materials? Give examples.

Magnetic materials are the materials which can be easily magnetised by
keeping it in an external magnetic field.

| Examples: Iron, Ferrites, Carbon steel etc.

I 2. Define magnetic flux density and magnetic dipole with its unit.

Magnetic flux density (B): It is defined as the number of magnetic lines of forces
(9,,) passing normally through unit area of cross section (A).

(ie.,) B= i—”’ Wbni 2 (or) Tesla

Magnetic dipole: Two opposite magnetic poles separated by some distance is
called magnetic dipole. It can be also be defined as the product of magnetic pole

strength (m) and the length of the magnet. (i.e.,) M, =ml Wbm™!

— = S
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. isation with its unit,
3. Define magnetic field intensity and intensity of magnelsa :i‘::nccd b
Magnetic ficld intensity (H): It is defined as the force expe

int i i 1d.
north pole placed at the given point in @ magnetic fie
(i.e.,) H= -

i the magnetic moment per
Intensity of magnetisation [M (or) I]: It is defined as the magn

unit volume.

M, ~2
(ie.,) 1=—‘7‘inm

4. Define magnetic susceptibility and magnetic perme:fb:hty. i
Magnetic susceptibility (),): It is defined as the ratio between intensity o

magnetisation (M (or) I) and the magnetic field intensity (H)
- o 4
(i.e.) Xm= H

Magnetic permeability (j1): It is defined as the ratio between the magnetic flux
| density (B) and the magnetic field intensity (H)

| | G&Ju=%

5. Prove p.=1+Y,

When a magnetic material is kept in an external magnetic field, then flux
density can be written as

B=p,(H+]I)

L)
B
We know u=-}-{-=.*»B=uH
«'(2)
Equating (1) and (2) we get pH=p (H+1)
CO uau,H=uaH[1+}%]
- [ TH=U, u'r]
(or) = i
K, [1+H]
(o) Hence Proved [ - Xm'—']{?]
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6. Explain the term remanence and coercivity with its units.

Remane_ncelRetentivily: It is the residual intensity of magnetisation rctained by
the specimen even when the external magnetic field is cutoff.

Unit: Wbm 2

|| Coercity: It is the strength of reverse magnetic ficld required to completely

remove the residual magnetisation (or) demagnetise the material. "

Unit: Ampere turn
metre

7. What is the origin of the presence of magnetic moments in magnetic
materials?

rJ The origin of presence of magnetic moments is due to orbital and spin motion

of electrons in atom. Generally, every two electrons in an energy state of an atom
will form a pair of opposite spins, but in some materials there exists unpaired I
electron spins also. These gives rise to a resultant spin magnetic moment, which
plays a vital role in the classification of magnetic materials.

8. Why diamagnetic materials are called weak magnets and ferromagnetic
materials are called strong magnets? ‘

Weak magnets: If a diamagnetic material is kept in an external magnetic field,
the eclectrons spins in the material reorient in such a way that they align
perpendicular to the field direction and hence the materials will not be easily
magnetised. Thus diamagnetic materials are called weak magnets.

Strong magnets: When a ferro magnetic material is kept in an external magnetic
field, the electrons which are already aligned parallel to the direction of magnetic
field acquires a very strong magnetic moment in it. Hence ferromagnetic materials
are called strong magnets.

9. What is Curie temperature?

Curie temperature is the critical temperature below which a matenial can
behaves as ferromagnetic material and above which it can behave as paramagnetic

matenial.
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para and ferro magnetic materials.

10. Compare the properties of dia, |
TR s h STekpaaag - = - : F LT o) I--.__I'I'
< 1..-.‘.‘ - Pmma@dic : A
- ity is Tﬁc .sus.ccptibility Tjs The susceptibility is
positive  and smzll positive aznd  large
(x=+ve) (1=+ve =,
The susceptibility varies The susceptibility
with  the depends  upon  the

1. [The susceptibility is
negative (y =-ve).

2. |The susceptibility is

independent of [inversely :
temperature. absolute temperature.  temperature. |

3. [Permeability is less than | Permeability is greater Permezbility 1s very |
L than 1. much greater than 1. |
When the temperature is !

4. | When the temperature is(When the temperature -
greater than  Curne

less than  critical |of the material is less

temperature, the |than Curie temperature, temperaiure, the

diamagnetism suddenly |para-magnetic material ferromagnetic ~-materizl

disappears and becomes | converted into'is  converted  into |l

a normal material. diamagnetic material.  paramzagnetic material !l
5. |Examples: Gold, |Examples:  Platinum, Examples: Iron. nickel.

antimony, bismuth, | chromium, aluminium, cobalt, steel. etc.

water, hydrogen, | copper sulphate,

alcohol,  germanium, |manganese sulphate etc.

silicon etc.

11. Define spontaneous magnetisation and discuss the same at low and high

femmperatures.
The m?lt?cular magnets in ferromagnetic materials are aligned in such a way
that they exhibit a magnetisation even in the absence of an external magnetic field.

This phenomenon is known as spontaneous magnetisation.

At low temperatures the spontaneous magnetisation is high and at high
temperatures the spontaneous magnetisation becomes zero.

12. Discuss the effect of external magnetic field over magnetic domains

When an external magnetic field is applied to the f : -
erro
__hased on the strength of the fields, two process = magnetic materials,

(i) Movement of domain walls take place at weak magnetic ﬁe-ld and

(i) Rotation of domain walls take place at strong magnetic field
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Vi ] y .
13. What is meant by magneto-static energy and magneto-strictive energy? ”

Magneto-stati ’e : . .
- aﬁ{i . ths tqcl energy: The interaction energy which makes the adjacent dipoles
" gf emselves is I\no‘wr.\ as magneto-static cnergy. Since this energy is in the
orm of potential encrgy it is called magneto-static cnergy.

Mugnc.to-stricti\'c energy: When the domains are magnetised, there exists an
expansion (or) shrinkage in domains, which inturn proJuces deformation in the
materials. The energy produced in this effect is called magneto-strictive energy
and these materials are termed as magneto-strictive materials.

h 14. What is meant by reversible and irreversible domains?

When the external magnetic field applied to a domain is increased, it starts
exp.andin-g‘ Now when the external magnetic field is removed, if the domain returns
to its original position it is called reversible domains and if the domain doesn’t
returns to its original position it is known as irreversible domains.

15. Distinguish the properties of soft and hard magnetic materials.

S.No. Soft | Hard |

e i S S 5%

1. |They can be casily magnetised and They cannot be easily magnetised
jdemagnctiscd. (or) demagnetised.

The loop area is large and hence the
hysteresis loss is maximum.
Susceptibility and permeability is low.
Retentivity and Coercivity are large.
They have high eddy current loss.

These materials have large amount
of impuritics and lattice defects.

2. |L00p area is less and hence the
'hysteresis loss is minimum.

| Susceptibility and permeability is high

Retentivity and Coercivity are small

They have low eddy current loss.

IJ' These materials arc freec from

lirrcgularitics like strain or impuritics.

What are the requirements (required properties) of a transformer core

e w

16.
material and electromagnels?
(I) A transformer core material should have the following requirements

(properties)
(i) High resistivity
(ii) Low eddy current losses

(I An electromagnet should have the following requirements (properties)

(i) High initial permeability

(ii) Low coercivity.
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d eddy ¢¥ o
g ar the material, it induces an

17. What is meant by eddy curren i
. . €
When an alter’s magl:]inifl tt-l}fédnllsat::figl. This current 18 known as eddy
t losses.

e.m.f and sets up 2 Jarge curme
current and the power Joss is called eddy curren
Garnet? Give examples-

rial with 2 typical formula Me;FesOp2

18. What is meant by
Garnet is @ ferrimagnetic mate

where, Me¢; —9 Trivalent metal ion | “
Fe, — Trivalent ferric ion

ttrium Iron Garnet. |
|

Examples: Gadolinium Gallium Garnet, Y

Properties
(i) They have high resistivity
loss I

(i) They have low hysteresis

19. What is GMR?

If the charge in electrical resistance ijs very high compart.:d to [l'!c
magnetisation, it is called as Giant Magneto-Resistance (GMR) and this effect 18 "
called GMR effect.

ESD magnets? Give its properties.
ed Single Domain magnets, which are made by
high magnetisation. Hence these ESD magnets

20. What are

ESD magnets are Elongat
very small particles with very
possess the following properties

Properties
(i) They are highly stable.

(ii) They have single domain structure.

(iii) They possess ]arge' magnetisation.

21. What is meant by Magnetic HDD? Give the principle of storing data in

HDD.
Hard disk drives [HDD] made up of magnetic garnet materials are called

magnetic hard disk drives. It is a mass data storage device recently used for storing
Jata to a very high level in terms of Tera bytes.
MR [Giant Magneto Resistive] sensors, which has a very high

Now-a-days G
magnetic sensitivity are used to read the data at greater speed
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Principle

are stored by inducing magnetic moment in a thin magnetic layer and GMR effect
is used as the principle to read the data in HDD.

EnggTree.com

In Hard disk drives, the binary data in terms of zero’s (0) and one’s (1)

Here zero(0) represents missing transition and one (1) represents transition

in the medium.

22. What are the advantages and disadvantages of HDD?

Disadvantages

23. Whatis the role of GMR sensor in Magnetic HDD

N

Advantages
1.

HDD’s can store data interms of Terabytes and in future it can store data
interms of Petabytes and Exabytes.

It is has very large storage capacity. |
It is compact in size and can be easily transferred from one place to another.
The size of the recording medium in HDD shall be reduced upto few
nano-metres using nanotechnology.

GMR sensors are non diffusive and are very sensitive in reading.

HDD 1is slower than SSD [solid state drives].
They consume more power and will damage, when dropped even at a smaller

distance.
Sometimes the data in HDD may be corrupted, due to thermal radiation.

HDD has bulkier form factor.
The GMR noise ratio is high for the nano size recording media as it is
temperature dependent. "

Giant magnetoresistive (GMR) effect is the principle used to read/retrieve
the data from the recording medium.

When the GMR sensor is made to move near the recorded medium, then,
the resistance of the GMR sensor varies, with respect to the orientation of
the magnetic moments as follows.

When the layers are magnetised in parallel manner, then the resistance in
the GMR sensor is minimum and twrefore maximum current flows through
the sensor, which represents the Zata as one (1), as shown in Fig. 3(f).

When the layers are magnetised in antiparallel manner, then the resistance

in the GMR sensor will be muxinum and therefore minimum (or) no current
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1. Define clectrical conductivity, EnggTree com (April 2002‘:

The electrical conductivity is defined as the quantity of clectricity l]mwnnr
per unit area per unit time maintained at unit potential gradient.

Unit: @ 'M™!

" a ! ‘ T
l:.xprcss:on Qi e il
e m- Ay
whcm n— Numhu of {ree clci';im'n"s perunitvolume

¢ - chi 1r"c 0{ an elnchon

T~ Rchlxallun mnc

- mass ni un bltCll'Un

2. D"f ne. Mﬂbthtv of F It'clrom.

When clectric field (E) is dppl[td to' :nclalm the ch_u:ton': movc.'_,:_
direction opp(mlc to the ficld direction w:lh the vclcmty 0 tlu,n moblhty o_r
L]CCII’OII s dcfmu] as thc w.locﬁy 'u,qumd by llm clccnon pel"umt elcr:tnc 11le (E)
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| o Give the postulates of free electron theory. (June 201

" (i) ctrons in the metal moves freely, similar .lu the }?ilh‘
| and it obeys the classical kino.ic theory

al ficld due 1o 101

The free cle _ _
of gases.

p o in @ VESSE

movin
1 fixed

These free olectrons moves i a constant potent

| (i1) _

" in the latnce. |
:35' (iid) when fiehd is applied the lree olectron moves in the direction opposite
| (o that of the field direction.

\ (iv) Dueto field applied. they acquire a velocity called drift velocity .:m'd the |
rE electron velocities in the metal obeys the Maxwell-Boltzmann statistics.

| . , |
| 4 Define Drift velocity and give its formula. (June 2010, June 2011
is defined as the average velocity acquired by the free electron |

! Drifl velocity
| i a particular direction, due to the application of electric field and 18 denoted by
; s(ler V.

| the let d ¢ T“E

— o —

Formula: v, =
m

|; where ¢ — charge of the electron
T, — mean collision time
E — field applied

| m —> mass of the clectron

(June 2009)

5. Distinguish between relaxation time and collision fime.

| g ——

S.No. I‘ Retaxation Time (7)

o i s

Collision time (Tc)

ime taken by a

|
i | i1t is the time taken by the free ]t is the average 1
between two

| lelectron to reach its equilibrium | free electron
| {position  from its disturbed | successive collision.
'. | position, due to the field applied.
|
1=1071% seconds (Approx) Te=A/€
where A — mean free path

Z — Root mean square velocity

E'J

6. Define mean free path. (June 2009, June 2012)
The average distance travelled betwaen two successive collisions is called

mean free path. It is denoted by the leper A’

Mean free path A=€T,

where Z — Root mean square va{6-. .y of the electron
e —I :_‘-'

t_— Collision time oy
e 1‘3-{:‘*» P o ! :

E—
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" Electrical Properties of Materials 2.79

R

__ _______"_'_—'—-————__-_:.__ —_————
(1. What are the drawbacks of

‘ classical free electron theory :
(June 2005, Jupe 2007, June 2009, June 2010, May 2011)
(1 1t is a macroscopic theory

(i) Classical theory states that
quantum theory states th
(i) This theory canpot
paramagnetism, o

all free electrons will absorb cnergy, but
at only few electrons will absorb energy.
explin the Compton, photo-electric  effect,
ITOmagnetism, efc, "
(iv) The theoretical and expetimental values of specific heat and electronic
specific heat is not matched,

(v)

LAY I Q1 A <
By classical theory o7 constant for all temperatures, but by Quantum

| K' —
} theory o7 constant for all temperatures.

(vi) The Lorentz number by clas

with the experimental value
| 12. Define Fermi energy
(Nov. 2002, Nov

sical theory does not have good agreement
and is rectified by quantum theory.

level and Fermi energy

2005, June 2007, June 2009, June 2010, May 2011, June 2012)_;--
: Fermi energy level:

lt 18 the hwheal reference energy lev
| absolute zero. It is the state

. i at which the probability
| at any temperature.

with its importance.

el of a pamcle atl
of electron occupation is 50%

Tmportance: 1t is the reference energy level which separates mE-ﬁll_gd'_ energy
levels and vacant energy levels., st : = =

Fermienergy (Ep: It is the maximum energy of the qu'mtum' s.ta‘le:-j-}i
corresponding to Fermi energy Tevel at absolute zero. It is also the energy of '_
at which the probability of e]ectmn occupation is 0% at any temperature

Dnportance:  Fermi enercv determines !hc energy of the pamcle at any. tempera""

13 H rite rhe Femu-d:mc d:smbunon funcnon and gwe its mzpor!‘ance' :
e {April 2003, Nov. 2003 Dec 12003, Junc. 2010, -May 2011)

Fermi ﬁmcrwn F(E): l"enm—dlrac dlbﬂlbllfl()ﬂ functmn Tepresents the
probabdxty of an electmn occupmw a m en enmgy 1eve1 It is gwen by

{E EF)/.K r

F —
(E)1

where ;= Boltzmann constant
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Physics for Electrical Engineering

ﬂﬂﬁiaw'{"t { .:". i s

.-Impuri&ucé.' -,---'Elf:'f':gf\fés the probability of filling the electron within the Fermi
IZILVEI Hitiih '

.'-I" or eaamplc 11 HF) 0.7 means, there is 70%
1thm the Fermi ulugy level,

\ Draw the Fermi distribution curve at OK and at any temperature TK

(or) How does the Fermi function varies with temperature?
(Nov. 2003, June 2009, Dec. 2009, June 2010, May 2011)
‘'The Fermi function varies with Jr
' e at0K

s‘pcct to thc tunpcl ature as shmm in F:g [ Ky T
i 1] [
! Ep at T kelvin

1 '/
nempty Now when the temperature is 0[ ) -
Eg E'Fu+ Kg T

\increased, the electron takes an energy
\ Kp7 and hence the Fermi function falls to

chance for filling an electron

Energy —
Fig. Ka)

' (Apri] 2002, Nov. 2002)

Whar is mccm:‘ bv I" ermx crwrg_v af a meta!’

“efme de:m& aj smms and gwen an -example and state s importance.
i i - (Dec. 2003)

of states ami vkett'h the same for a mem}'
~ (May 2008, June 2010, May 2011)

"a'u. Dcns!ty ur f\mtc‘; Z(E)dE is defined as the number of available energy
cr unit volume in an uxu ay m!uv W dE.

| We can ny the denmy of slateﬂ 01 a cuhmal mela] plece ([Fig. l(b}] as

' Number of available energy states between
o« .. FEandE +dE in a cubical metal piece
l_(ﬁ) i Volume of that cubical metal piece
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directions in the al field. These electrons collides with cach other
and also with the latti i

encrgy of the clec purcly kinetic energy and hence the
potential energy is zero.

1. What is meant by a free electron?

Free electron is the clectron whi

ch moves freely (or) randomly in al
absence of extemn

2. List out the three main theories developed for metal-.

(1) Classical free electron theory, which is a macroscopic theory and it obeys
classical laws,

(i) Quantum free electron theory, which is a microscopic theory and it obeys
quantum laws,

(iii)  Zone theory (or) band theory is alsy a miee-- -~

‘c theory which is based
on the energy bands of solids,

3. What are the differences between D
electron.

rift velocity and thermal velocity of un

A S S S e e D R e S i SR £
Drift velocity is the average|Thermal velocity is the velocity of
velocity acquired by the free|an electron without any external

electron, in the presence of|field.
electric field.

2. |The electrons moving with drift| The direction of the clectrons
velocity moves in the direction|moving with thermal velocity is
opposite to that of the field|random

direction

3. |The velocity is very less, say in|The velocity is very high, say in the
the order of 0.5 m/s order of 10° m/s

— —
— —_—
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The C?-?fﬁcllem Co-efficient of Thermal
conductivity is defined as the|conductivity is defined as the
quantity of electricity flowing |quantity of heat conducted per
per umit area per unit time|unit area per unit time maintained

maintained at unit potential [at unit temperature gradient.
gradient.

i i

2. |Electrical conductivity is purely|Thermal conductivity is due to
due to number of free electrons. |both free electrons and phonons.

3. |Conduction of electricity takes|Conduction of heat takes place

place from higher potential end|from hot end to cold end.
to the lower potential end.

Unit: ohm™ ' m™! Unit: Wm™ ' K~

5. What are the similarities between electrical and thermal conductivity of metals?

1. The electrical and thermal conductivity decreases with the increase in
temperature and impurities.

2. The electrical and thermal conductivity is vcry"hi.gh atl low temperature. ||
3. For non-metals, the electrical and thermal conductivity is very less.

6. What are the success of classical free electron theory.
(1) It verifies Ohms law. | _
(ii) It explains the electrical and thermal conductivity of metals.
(iii) It is used to derive Wiedemann - Franz law.
(iv) The optical properties of metals can be explained using: this theory.

7. Discuss the variation of ﬁsisﬁvity of a conductor with'. respect to temperatures.
The variation of resistivity with respect to temperature can be explained as
follows. ' |
(i) The resistivity of a conductor remains almost constant at lower
temperatures. (p = constant) |
(i) The resistivity is proportional to T3 ie., po T° from llow temperature
to the Debye temperature.
(iii) The resistivity is directly proportional to T"i.c., p e T, above Debye
Temperature.
—_—— ERTIESEREEE S S
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8. What is meant by degenerate and non-degenerate states.

" : : ' y Lever
(i) Degeneracy: It is seen from equation (28) and equarion (29 )'! Jor !'(T‘ c’m:
combination of quantum numbers we have same €nersy eigen value ’::: ;‘:’ sren
eigen functions. Such states and energy levels are called Degenerate Slatc.

The three combination of quantum numbers (112), (12 and 211), WI"Cht gtlvcs
same eigen value but different eigen functions are called 3 fold degenerate state.

(i) Non-Degeneracy: For various combinations of quantum mumber if W;
have same energy eigen value and same (one) eigen function then such states anc
energy levels are called Non-Degenerate State.

Example

121
For n,=2n=2n, =2 we have Ezn:g;m_i and

B soseDIGE. 0 200 o 2R
=A[—= sin——sin—— SN ——
I Vo \j - a a a

9. What are the differences between quantum theory and zone theory?

In zone the 18
move in a region of constant|assumed to move in a region of
potential. periodic potential

2. |According to this theory the|Accordingly to zone theory the mass

. |mass of the electron remains |of the electron varies when it moves
constant, when it moves through |through periodic potential and is
‘l constant potential called effective mass of an electron.

3. |If fails to explain why some|It explains the behaviour of solids
solids behaves as conductors,|as conductors, semiconductors and
some behave as insulators and |insulators

semi conductors.

10. Define zero probability, unit probability and fractional probability.

| Zero probability: 1Tt is the state which remains always empty and the electrons
cannot be filled in it, i.e., F(E)=0

Downloaded from EnggTree.com
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Uﬂz P’;’b“b”‘"'.-"-' It is the state which is always filled with the electrons. i.e
F(E)= ¥

meffﬂ".ﬂ' probability: 'll w the state which may be filled (or) ecmpty (or) partially
filled by electrons (or) it is the state which is filled by the clectrons for some

| 11.

time and then will become empty, i.c., F(E) will be a fraction like 0.5. 0.6 etc

What is meant by tunnelling effect?

In quantum mechanics a particle having lesser energy (E) than the barrier

pmcnlia_l (W can ea.sil)' cross over the potential barrier having a finite width */'
even \\'l.lhﬂlll climbing over the barrier by tunnelling through the barrier. This
process is called Tunnelling.

| 12.

L

3.

4.

Mention any four occurrences of tunnelling effect.

The tunnelling effect is observed in Josephson junction, in which electron
pairs in the super conductors tunnel through the barrier layer, giving rise to
Josephson current.

This effect is also observed in the case of emission of alpha particles by
radioactive nuclei.

Here, though the ‘e’ particle has very less kinetic energy they are able to
escape from the nucleus whose potential wall is around 25 MeV high.

Tunnelling also occurs in certain semiconductor diedes called tunnel diodes.

Electron tunnels through insulating layer and act as a switch by tunnelling effect.

' 13. What do you understand by Fermi-dirac statistics and define fermions.

In the case of Fermi-dirac statistics the following points are considered.

(1)

(i) The electrons which obey the Fermi-dirac statistics are called as fermions. |

(i) Lach energy state can have only one particle with one spin.

(iv)  The number of encrgy states should be greater than (or) equal to number "
of particles, for example to fill say 9 particles, atlcast 9 states should
be available. |

(v) There is no restriction in choosing the particle, (i.e) we can choose any ||
particle to fill in any stal¢. |

(Vi)  The total energy of the system = Sum of all the energies of the particles.

The particles (electrons) are indistinguishable.
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14. Define scattering power of the potential barrier.
Scattering power of a potential barricr is defined as the strength with which

the clectrons are attracted by the positive ions and is given by
mV ba
P=—0:3
h—...
(

where m — mass of the electron
a, b — limits within which the electron is assumed to move

" — -;—;1; [7 — [Plancks constant]

15. What is meant by Brillouin zone? Draw the same for an electron in a one
dimensional mono-atomic lattice.
Brillouin zones are the boundaries that
arc marked by the values of propagation
=Pl 3
vector k in which the electrons can have e
. . y 3x/1 201 -l 0 Wl 21 3wl
allowed energy values without diffraction.

2nd Brillouin zone

13t Brillouin zone

Brillouin zone for an electron in a one
Fig. I(c) II

dimensional mono-atomic lattice as shown in
Fig. 1(c)

16. Will the effective mass of the electron be negative? Justify your answer.

Yes, the effective mass of the electron can also have a negative value.

Justification: The effective mass of the electron is the mass of the electron
when it is accelerated in a periodic potential and is given by

2
* h

m=———
d*E/di?

o

Here d_E,_ can vary from positive to negative value, therefore if d*E/dk* is

negative, then m" will also have negative value. Also, this negative effective mass

of an electron leads to the concept of hole.

Physically speaking the electrons with negative mass has same positive mass

as that an electron but it has positive charge rather than negative charge.
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17. Explain the concept of hole and give ity

When th.c 0'“‘—'“’?“’*’ are accelerated in g periodic potential, its mass varies
and it moves 1 th‘ direction OPposite to the direction of the applicd field, This
variation of mass of an ¢lectron is called as negative mass behaviour of electrons,

advantage,

Hole: The clectrons with negative m
posilivc mass as that an electron byt inste
poSSes positive charge.

ass is called as hole, which has same
ad of negative charge, the hole will

Advantage: If we have ‘n’ number of empty states in a nearly filled band,
then these " number of empty states can be considered as ‘n" number of holes.

18. What are the phenomenon that explains the concept of hole?
There are two phenomenon which cxplains the concept of hole viz.

(i) Hall effect

(1) Thomson elfect.

19. What is meant by effective mass approximation?

For an electron moving in a constant potential field m"=m. But for an

clectron moving in a periodic potential m” # m. Thus, when an electron moves in
a periodic potential the free clectron mass ‘m’ should be replaced by the cffective

* . . . . .
mass m  and this process is called as effective mass approximation.

20. What is f; of an electron? Distinguish between conductors, semiconductors
and insulators on the basis of f,.

Jy. represents the degree of freedom of an clectron, which is the measure of
the extent upto which an electron can remain free in the given energy state.

m
L

It is given by f, =

where m — free electron mass
m’ — effective mass of an electron

For conductors m=m" (ie.) fi=1, (ie.,) we have more number of free
electrons,

- . L]
For semiconductors m#m". .. izl
e
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y Compare free electron approximation and tight binding approximation.

L election Abbrosimuton. e \m ;\mwm\\ \\\\\\\m
RN "t' ‘%\‘\\\\\\ ""\"""‘-“i”%"':"‘ l \5’ \l WM@@&\\ \ &\\\\\\\ \ Y \ j
1.

The potential energy of the electron | The potential energy of the electrons

1s assumed to be lesser than its|is nearly equal to the total energy.
total energy. |

The width of the forbidden bands|The width of the forbidden bands
(Eg) are smaller than the allowed bands. | (£) are larger than the allowed bands.

3. |The interaction between the|The inleractions between the

neighbouring atoms will be very neighbouring atoms will be weak.
strong.

As the atoms are closer to each|As the atoms are not closer, the

other, the inter atomic distance |interatomic distance increases and

decrecases and hence the wave |hence the wave functions will not
i functions overlap with each other. |overlap
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I On the basis of spin how the rEnpgiielcom classified as para, ferro, "’mﬁ‘-”' 1‘0.\*_

i\

'\\

and ferri magnetic. (Nov. 2002) (Nov. 2003, June 2009, June 2 JW\: \\W
-]}_;'\:'\ \‘"\\“ \;\

(i) Paramagnetic materials have few unpaired clectron  spins of;s-uql_i
\“\‘\

magumdcs
(i1)

magni tudes.

(1)  Anti ferro magneuc: matermlx ]1aw e(}u..tl chl”lllﬂldt‘ oi spms hnt"
-_fiﬂtlpaldﬂel manner i A R
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e ————— e i
B e ey =
B e

_——r—

ibili ( the magnetic materials in terms
Importance: It Jetermines (he \lth‘CI‘“h“”,\I” ; y

TP S, . srature,

: : nerature 15 less tham CUFE F_t-ﬂll“-“l re, a
of temperatures (i.c.,) I the temperatd il crature s preater than
paramagnetic material becomes diamapnetic: afit :

" i . ) COn
Curie temperature, a ferromagnetic material beco o s
| 3 ‘1 ‘
E ' , lerstand by the term, “magnelic domains
J 3. What do you undersia y (Nov 2002, 2003)
'r

(he temp |
es paramagnetic material,

walls™'? :

Magnetic domains are the small regions in a e
has a grn‘;lp of atoms. These atoms can be completely w_‘.;
exchange spin-spin interaction. The walls of these small re
called domain walls.

rromagnetic material which I
wnetised by favourable
gions (or) domains are

and co-ercivity in it.

4. Draw hysteresis loop and show the retentivily
(Nov. 2003)

The hysteresis loop, retentivity and co-crcivity is shown in fig. 3(a). ||
My
d
i
Retentiviy I / ‘:‘H“m
- - : 9

y -B
Cocrcivity

Fig. 3(a)

5. What are soft and hard magnetic materials? (or) Compare soft and hard
magnetic materials on basis of Hysteresis loop. give examples.

(April 2002, Nov. 2002, 2003, Nov. 2005, June 2009, Dec. 2009, June 2010, May 2011)

T P R S— T

——— e ——— i —

£ IThcy can be casily magnetised and :They cannot be c‘a-:;ilv magnetised
demagnetised. -(or) demagnetised. ;

F

Movement of domain wall is ca

! sy Movement of domain wall is not}
and hence even for a small applj

¢d.easy duc 10 the presence of !

field large Isation oceurs L RO 0
arg mﬂ@ﬂh . Cceurs. ilhlllpl?l'lllt.s. and hence large field is ||
T tequired for magnetisation, M
L T "
. oo
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I
s Tt : 3 |
! S.No. '! Soft Ho |
{ | . |
! . ! VYOTIY ) NS
! 3. | The Mysteresis loop 18 very steep as Ihe Hysteresis foop v ver) broad !
5 tshown i higure (Ab), hown in figure (3¢) !
| | MA vl E
II i {'-—':-‘-" — "'--—'rv .
| | |
o b |
i | i |
| t
I ]
| |

S
: v _._.,.—..-—-._F":I }
| Fig. 3(h) Fig. 3(c) i
and hence the |

4. 1loop arca is less and hence the The lToop arca is large
hysteresis loss 18 mintmum. hysteresis Joss is maximum.
Tungsten  steel,

3. iE’“"“PICM fron, silicon alloys, Carbon  steel,
Ferrites, Garnets ctc. 'Chromium steel,
"Cu-Ni-Fe (Cunite)
: 'Cu-Ni-Co (Cunico)
| ’ ALNi-Co (Alnico)

6. What is domain theory of ferromagnetism? (Dee. 2009)

The group of atomic dipoles organized into tiny bounded regions tin the
ferromagnetic materials are called magnetic domains. The boundarics separating
domains are called domain walls. In Ferro-magnets, when external magnetic field
is applied, the domains align and results in large net magnetization,

7. Define magnetic lines of force and magnetic lines of induction.(May 2011)
Magnetic lines of force: It is defined as the continuous curve in a magnetic ficld
which travels externally in the magnet from north pole to south pole.

Magnetic lines of induction: It is the imaginary lincs of forces which are supposcd
to travel from south pole to north pole inside the magnet.

8. Discuss the orientation of spin for dia, para and ferro-magnetic substances.
(June 2009)

Diamagnetic materials:  Here the electron spins are randomly oriented and mostly
they have equal and opposite spins. Thus the net magnetic moment s zero,

Paramagnetic material: Here the spins of clectrons will not be equal. which leads
to have some unpaired clectrons. Hence there exists some resultant magnetic
moment. Therefore in paramagnetic material the net magnetic moment is not zero.
Ferromagnetic material: In ferro magnetic matenals the number of unpaired
electrons will be more. Hence there exists a large resultant magnetic moment 1n it

— ~——————— ——Downloaded from EnggTree.com
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N i tic moments. :
aterials based on their magne
!he magncuc m i gL 2011)5:

, J

I on
Thc Il‘ldLn“[IC m*ztcnais can be classified mtp tw

e 'resem,c of magnetic moments as fol]ows :
'p 3--matcn§s are clami‘ ed according to 1hc preqem,e or 2b'5;:nce of
etic dipoles. Generally, every WO elcutroml in :H; o

an atom wil’ forfn a pair with opposite Spins. Thus the res‘u tan ﬁt
Hem,c they don’t have permanent magnetic mom? Co_
s dmnmgnem marenah Examples. gold gcrmamum, silicor

5
But in :s.ome maguenc marcnals like iron, cobalt, efc., there em]itih 5 l:j]a
mag nenc moment of these unp'ured elec,trons mterac,t wit - j
in agncnc ‘moment in 2 parallel manner .;cs ting

These matﬂnalq:_‘_arc clasmﬁec__ mlo p

‘IdjOl' categories bascd
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Magnetic Properties of Materials

345

The closed curve obtained during the cycle of magnetisation of a material
is known as hysteresis loop.

Inference: The arca of the Joop gives the cnergy loss (or) hysteresis loss during
the cycle of magnetisation, :

12, Deﬁne Bohr Mgneran. (June 2009, .lune 2010, May 2011)

- The orbital magnetic moment and the spin magnetic moment of an electron

in an atom can be expressed in terms of smallest atomic unit of magnetic moment
called Bohr magneton. R

L Bohr Magneton =S% = 1, = 9,27 10 Anf

13. What are the reqmred magnetic parameterv far remrdmg?

1. What is meant by magnetic materials? Give examples.

Magnetic materials are the materials which can be easily magnetised by
keeping it in an external magnetic field.

| Examples: Iron, Ferrites, Carbon steel etc.

I 2. Define magnetic flux density and magnetic dipole with its unit.

Magnetic flux density (B): It is defined as the number of magnetic lines of forces
(9,,) passing normally through unit area of cross section (A).

(ie.,) B= i—”’ Wbni 2 (or) Tesla

Magnetic dipole: Two opposite magnetic poles separated by some distance is
called magnetic dipole. It can be also be defined as the product of magnetic pole

strength (m) and the length of the magnet. (i.e.,) M, =ml Wbm™!

— = S
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. isation with its unit,
3. Define magnetic field intensity and intensity of magnelsa :i‘::nccd b
Magnetic ficld intensity (H): It is defined as the force expe

int i i 1d.
north pole placed at the given point in @ magnetic fie
(i.e.,) H= -

i the magnetic moment per
Intensity of magnetisation [M (or) I]: It is defined as the magn

unit volume.

M, ~2
(ie.,) 1=—‘7‘inm

4. Define magnetic susceptibility and magnetic perme:fb:hty. i
Magnetic susceptibility (),): It is defined as the ratio between intensity o

magnetisation (M (or) I) and the magnetic field intensity (H)
- o 4
(i.e.) Xm= H

Magnetic permeability (j1): It is defined as the ratio between the magnetic flux
| density (B) and the magnetic field intensity (H)

| | G&Ju=%

5. Prove p.=1+Y,

When a magnetic material is kept in an external magnetic field, then flux
density can be written as

B=p,(H+]I)

L)
B
We know u=-}-{-=.*»B=uH
«'(2)
Equating (1) and (2) we get pH=p (H+1)
CO uau,H=uaH[1+}%]
- [ TH=U, u'r]
(or) = i
K, [1+H]
(o) Hence Proved [ - Xm'—']{?]
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6. Explain the term remanence and coercivity with its units.

Remane_ncelRetentivily: It is the residual intensity of magnetisation rctained by
the specimen even when the external magnetic field is cutoff.

Unit: Wbm 2

|| Coercity: It is the strength of reverse magnetic ficld required to completely

remove the residual magnetisation (or) demagnetise the material. "

Unit: Ampere turn
metre

7. What is the origin of the presence of magnetic moments in magnetic
materials?

rJ The origin of presence of magnetic moments is due to orbital and spin motion

of electrons in atom. Generally, every two electrons in an energy state of an atom
will form a pair of opposite spins, but in some materials there exists unpaired I
electron spins also. These gives rise to a resultant spin magnetic moment, which
plays a vital role in the classification of magnetic materials.

8. Why diamagnetic materials are called weak magnets and ferromagnetic
materials are called strong magnets? ‘

Weak magnets: If a diamagnetic material is kept in an external magnetic field,
the eclectrons spins in the material reorient in such a way that they align
perpendicular to the field direction and hence the materials will not be easily
magnetised. Thus diamagnetic materials are called weak magnets.

Strong magnets: When a ferro magnetic material is kept in an external magnetic
field, the electrons which are already aligned parallel to the direction of magnetic
field acquires a very strong magnetic moment in it. Hence ferromagnetic materials
are called strong magnets.

9. What is Curie temperature?

Curie temperature is the critical temperature below which a matenial can
behaves as ferromagnetic material and above which it can behave as paramagnetic

matenial.
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para and ferro magnetic materials.

10. Compare the properties of dia, |
TR s h STekpaaag - = - : F LT o) I--.__I'I'
< 1..-.‘.‘ - Pmma@dic : A
- ity is Tﬁc .sus.ccptibility Tjs The susceptibility is
positive  and smzll positive aznd  large
(x=+ve) (1=+ve =,
The susceptibility varies The susceptibility
with  the depends  upon  the

1. [The susceptibility is
negative (y =-ve).

2. |The susceptibility is

independent of [inversely :
temperature. absolute temperature.  temperature. |

3. [Permeability is less than | Permeability is greater Permezbility 1s very |
L than 1. much greater than 1. |
When the temperature is !

4. | When the temperature is(When the temperature -
greater than  Curne

less than  critical |of the material is less

temperature, the |than Curie temperature, temperaiure, the

diamagnetism suddenly |para-magnetic material ferromagnetic ~-materizl

disappears and becomes | converted into'is  converted  into |l

a normal material. diamagnetic material.  paramzagnetic material !l
5. |Examples: Gold, |Examples:  Platinum, Examples: Iron. nickel.

antimony, bismuth, | chromium, aluminium, cobalt, steel. etc.

water, hydrogen, | copper sulphate,

alcohol,  germanium, |manganese sulphate etc.

silicon etc.

11. Define spontaneous magnetisation and discuss the same at low and high

femmperatures.
The m?lt?cular magnets in ferromagnetic materials are aligned in such a way
that they exhibit a magnetisation even in the absence of an external magnetic field.

This phenomenon is known as spontaneous magnetisation.

At low temperatures the spontaneous magnetisation is high and at high
temperatures the spontaneous magnetisation becomes zero.

12. Discuss the effect of external magnetic field over magnetic domains

When an external magnetic field is applied to the f : -
erro
__hased on the strength of the fields, two process = magnetic materials,

(i) Movement of domain walls take place at weak magnetic ﬁe-ld and

(i) Rotation of domain walls take place at strong magnetic field

—________Downloaded from EnggTree.com
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Vi ] y .
13. What is meant by magneto-static energy and magneto-strictive energy? ”

Magneto-stati ’e : . .
- aﬁ{i . ths tqcl energy: The interaction energy which makes the adjacent dipoles
" gf emselves is I\no‘wr.\ as magneto-static cnergy. Since this energy is in the
orm of potential encrgy it is called magneto-static cnergy.

Mugnc.to-stricti\'c energy: When the domains are magnetised, there exists an
expansion (or) shrinkage in domains, which inturn proJuces deformation in the
materials. The energy produced in this effect is called magneto-strictive energy
and these materials are termed as magneto-strictive materials.

h 14. What is meant by reversible and irreversible domains?

When the external magnetic field applied to a domain is increased, it starts
exp.andin-g‘ Now when the external magnetic field is removed, if the domain returns
to its original position it is called reversible domains and if the domain doesn’t
returns to its original position it is known as irreversible domains.

15. Distinguish the properties of soft and hard magnetic materials.

S.No. Soft | Hard |

e i S S 5%

1. |They can be casily magnetised and They cannot be easily magnetised
jdemagnctiscd. (or) demagnetised.

The loop area is large and hence the
hysteresis loss is maximum.
Susceptibility and permeability is low.
Retentivity and Coercivity are large.
They have high eddy current loss.

These materials have large amount
of impuritics and lattice defects.

2. |L00p area is less and hence the
'hysteresis loss is minimum.

| Susceptibility and permeability is high

Retentivity and Coercivity are small

They have low eddy current loss.

IJ' These materials arc freec from

lirrcgularitics like strain or impuritics.

What are the requirements (required properties) of a transformer core

e w

16.
material and electromagnels?
(I) A transformer core material should have the following requirements

(properties)
(i) High resistivity
(ii) Low eddy current losses

(I An electromagnet should have the following requirements (properties)

(i) High initial permeability

(ii) Low coercivity.
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d eddy ¢¥ o
g ar the material, it induces an

17. What is meant by eddy curren i
. . €
When an alter’s magl:]inifl tt-l}fédnllsat::figl. This current 18 known as eddy
t losses.

e.m.f and sets up 2 Jarge curme
current and the power Joss is called eddy curren
Garnet? Give examples-

rial with 2 typical formula Me;FesOp2

18. What is meant by
Garnet is @ ferrimagnetic mate

where, Me¢; —9 Trivalent metal ion | “
Fe, — Trivalent ferric ion

ttrium Iron Garnet. |
|

Examples: Gadolinium Gallium Garnet, Y

Properties
(i) They have high resistivity
loss I

(i) They have low hysteresis

19. What is GMR?

If the charge in electrical resistance ijs very high compart.:d to [l'!c
magnetisation, it is called as Giant Magneto-Resistance (GMR) and this effect 18 "
called GMR effect.

ESD magnets? Give its properties.
ed Single Domain magnets, which are made by
high magnetisation. Hence these ESD magnets

20. What are

ESD magnets are Elongat
very small particles with very
possess the following properties

Properties
(i) They are highly stable.

(ii) They have single domain structure.

(iii) They possess ]arge' magnetisation.

21. What is meant by Magnetic HDD? Give the principle of storing data in

HDD.
Hard disk drives [HDD] made up of magnetic garnet materials are called

magnetic hard disk drives. It is a mass data storage device recently used for storing
Jata to a very high level in terms of Tera bytes.
MR [Giant Magneto Resistive] sensors, which has a very high

Now-a-days G
magnetic sensitivity are used to read the data at greater speed
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are stored by inducing magnetic moment in a thin magnetic layer and GMR effect
is used as the principle to read the data in HDD.
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In Hard disk drives, the binary data in terms of zero’s (0) and one’s (1)

Here zero(0) represents missing transition and one (1) represents transition

in the medium.

22. What are the advantages and disadvantages of HDD?

Disadvantages

23. Whatis the role of GMR sensor in Magnetic HDD

N

Advantages
1.

HDD’s can store data interms of Terabytes and in future it can store data
interms of Petabytes and Exabytes.

It is has very large storage capacity. |
It is compact in size and can be easily transferred from one place to another.
The size of the recording medium in HDD shall be reduced upto few
nano-metres using nanotechnology.

GMR sensors are non diffusive and are very sensitive in reading.

HDD 1is slower than SSD [solid state drives].
They consume more power and will damage, when dropped even at a smaller

distance.
Sometimes the data in HDD may be corrupted, due to thermal radiation.

HDD has bulkier form factor.
The GMR noise ratio is high for the nano size recording media as it is
temperature dependent. "

Giant magnetoresistive (GMR) effect is the principle used to read/retrieve
the data from the recording medium.

When the GMR sensor is made to move near the recorded medium, then,
the resistance of the GMR sensor varies, with respect to the orientation of
the magnetic moments as follows.

When the layers are magnetised in parallel manner, then the resistance in
the GMR sensor is minimum and twrefore maximum current flows through
the sensor, which represents the Zata as one (1), as shown in Fig. 3(f).

When the layers are magnetised in antiparallel manner, then the resistance

in the GMR sensor will be muxinum and therefore minimum (or) no current
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1. What is the principle of semiconductor laser? (Jan. 2009)

The electron in conduction band combines with a hole in the valence band
and hence the recombination of electron and hole produces energy in the form of
light. This photon, in turn may induce another electron in the conduction band to

valence band and thereby stimulate the emission of another photon.

2. Mention any four advantages of LED in electronic display.  (Jan. 2006)
(1) Very small in size.

(11) Different colours of display.
(i) Works under a wide range of temperature.
(iv) It has a very wide range of operation.

3. How is a light emitting diode different from a semiconductor laser?

(Dec. 2003)
S.No. LED LASER
It requires low current density. It requires high current density.
2. |Junction of diode need not be|Junctions of the diode should be
polished. highly polished.
3. |Minority carrier injection should |Stimulated emission will take place.
take place
Power output is low. Power output is high.
Intensity is less. Intensity is very high.
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| | ADDITIONAL PART A QUESTIONS & ANSWERS

' jals? Give its types.
1. What are optical materials’ | | |
Materials which are very sensitive to light are called optical materials, In
general there are 3 types of optical materials. viz

(i) Transparent materials: They transmit more light.

(i) Translucent materials: They transmit light partially.

(iii) Opaque materials: They will not transmit any light. Ii

2. What is an opto-electronic device?

The device in which the photons (light) interact with the electron is called
an opto-clectronic device.

The materials used in opto-clectronic device are called optical materials.

3. Explain the term, “Delayed transmission”.

When photons are made to incident on the optical material, it creates
oscillatory dipoles. These oscillatory dipoles when return to ground state by emitting

the same frequency as that of its excitation, without any loss in energy, it is termed
as delayed transmission.

4. Differentiate normal dispersion and anomalous dispersion.

The range of frequencies where
the refractive index increases
with the increase in frequency is
called normal dispersion.

The range of frequencies where
the refractive index decreases
with the increase in frequency is
called anomalous dispersion.

2. |Transparent substances will have

Transparent substances will not
this effect.

have this effect.

It is a real function.

It is a complex function

5. Explain the phenomenon of reflection,

The reflecting phenomenon depends on the density of polarisation. When
light is made to incident on a dense gas of free electrons, it polarises, the charges,
and creates oscillatory dipoles. If these polarised charges re-radiate the energy
without lossing their energy to the lattice points, it is called reflection.
—

using polarised charges.
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When light passes
distance upto which it ¢

through metals It produces conduction current, The m
the metal, upto which t

an travel in the metal 15 called

he conduction current passes is called skin layer.

7. Distinguish between radiative and 5

on radiative transition.

8. What is meant by absorption edge? Give example.
The wavelength that is ab

AR sorbed with respect to the energy band gap of the
material is called absorption ed

ge.

Example: Suppose for a material has an energy band gap E =564] A

which corresponds to the wavelength of yellow colour,

then the material will absorb
the yellow colour and emits the

light of greater wavelength (i.e.,) red colour.
9. What is the effect of optical absorption in semiconductors.
The optical absorption in semiconductors produces the following effects.

(1) It forms excitons.
(i1) It produces photo-conductivity.
(1) It excites the crystal lattice vibrations.

(iv) It also excites the free electrons and holes.

10. Define trap, its origination and types.

Trap is an intermediate energy level presents in the energy bar}d gap. These
traps arises due to the presence of impurity atoms and imperfections in the crystal.
'Ihgre are two types of trape viz., (i) Trapping centre and (ii) Recombination
centre.

11. Define luminescence and give its types. N |
When an atom in an excited state returns to ground state by emitting light,
en
it i1s called luminescence.

6. Define skin depth and skin layer.

! aximum
skin depth and last layer inside

—

_—
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Based on the types of excitation, luminescence can be classified into many
Lypes iz,

(1) Photo-luminescence;

(1) Electro-luminescence;
() Cathodo-luminescence,
OVv) Thermo-luminescence:
(v) Imjection-luminescence

12. Distinguish between fluorescence and phosphorescence.

OSSP LS IS (SERRMSTIE -k U0l RS SV

1. ln ﬂuomwcnu the time taken for In phosphorescence lh; time taken
the excitation of an atom will be for the excitation of an atom will be
equal to the time for which the lesser than the time for which the
luminescence persists luminescence persists.

2. Here, luminescence persists for a Here, luminescence persists for a
\hort penod longer time

—— -

L 8 Thc materials which exhibilsl'l‘he malenah Wthh cxhlbltq
fluorescence are called fluorescent phosphorescence are called
matenials. | phosphorb

13. Give any two differences between characteristic luminescence and
non-characteristic luminescence.

étdl*' -

-zg’ L

| 1. |Luminescence producc:d due to the Luminescence produced due to both
| unpunity ions alone is called impurity ions and other ionic
; charactenstic luminescence. charges is called non-characteristic
;l luminescence.
r

2. | Here activator alone participates in Here both activator and co-activator
'the excitation process participates in the excitation process

i

|
Borssicnlh i i i
|

‘Quick process Slow process
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14. What are activators and co-activators?
Activators: The impurity ions which leads to the production of traps arc called

activators.

Co-activator: The ionic charges present along with the impuritics arc called
co-activators.

15. Distinguish between electro-luminescence and cathodo-luminescence

| L

When electric field is applied to|When a high energetic electron
I an optical material the electrons |beam from a hot cathode is made
move from valence band to|to impinge over an optical
conduction band. When this|material. it produces electron-
electron emits light during|hole pair. If these electron hole
deexcitation it called electro- |pair recombines to produce light,
luminescence. it is called cathodo-luminescence.

2. |Excitation is due to a.c/d.c field |Excitation is due to electron
? bombardment

This principle is used in LED's |This principle is used in CRO.

16. What is meant by injection luminescence? Give example.

When the majority carriers are injected from p to nandntop region, they
become excess minority carriers. Then these excess minority carriers diffuses away
from the junction and recombines with the majority carriers in p and n regions
and emits light. This phenomenon is known as injection luminescence.

Example: Light emitting diode (LED)

17 Distinguish between active and passive display devices

1. |These devices display (or) emits| These devices modulates the
the light radiation in their own, incident radiation and then

due 1o application of field. reflects (or) transmit the light.
2. |Example: Light Emitting Diode | Example: Liquid Crystal
(LED) Display (LCD)
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1. What are the differences between trapping centre and recombination centre

S.No. Trapping centre Recombination centre

1. |1t is a type of a trap which |It 1s a type of trap in whigh
. captures an clectron (or) hole and |clectrons and hole recombines with

\thcn reexcite to free statc. cach other to ?.ro_dg_cg_ phongns,
— . T

2. }Hcre the charge carries are Here the (:hargcd carriers  are
temporarily trapped. permanently trapped.

19. What is meant by LED? Give its principle.

An LED is an abbreviation of Light Emitting Diode. It is a semiconductor |

p —n junction diode which converts clectrical energy (o light energy under forward
biasing.

Principle: [Injection luminescence. ie.. When the majorily carriers are
injected from p to nand n to p region, they become excess minority carriers. Then
these excess minority carriers diffuses away from the junction and recombines with
the majority carriers in p and n regions and emits light.

20. Why group III and group V elements alone should be chosen for
manufacturing LED’s.
If the wavelength of the light emitted has to lic in the visible region (i.c.,)
4000 A to 7200 A, Energy band gap of the material chosen should have the range

from 1.723 10 3.101 eV. ['." E, = 12;00 eV]. Since the intermediate compounds

of group III and group V has E, between 1.72 to 3.1 these clements are chosen
for manufacturing LEDs.

21. What are the properties of LED?
1. Cost is high.

Not suitable for large area display.

High consumption power (milliwatts).
Operating temperature is 0° to 70°C
Response time is in nano seconds (1077 sec)

Intensity of light can be controlled.

- 1 - S A

Different colour displays are available at low cost.
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22. Give any two direct and indirect band gap LED materials, ‘II

Direct band 8ap LED materials

(1) Gallium arsenide [IR radiation]

(i) Gallium arsenide phosphide [Yellow/orange colour]

Indirect band gap LED aterials

(1) Gallium phosphide doped with nitrogen [green colour]

(ii) Gallium phosphide doped with zinc [Red colour]
23. Why is the shape of LED made hen
is preferred than a planer LED.

In planer LED’s the emitted light
greater than the critical angle and the re

vispherical. (or) Why dome shape LED

strikes the material interface at an angle
flection loss will be very high.

Therefore, to minimise the reflection loss, hemispherical dome shaped LED
i1s made, in which the angle at which the emitted light strikes the interface can

be made less than the critical angle.
24. Mention any two optical sources?

(i)  Light emitting diode (LED) — In LED’s we have two types, viz., (1) Planar
and (2)° Dome shaped LED.

(i) Laser diodes (LD) — In laser diodes we have many types, in which
homojunction laster, heterojunctions laser, injection laser diode etc. are

widely used as fiber optic sources.

25. How an LED can be converted into laser diode?
In a semiconductor diodes if the emission is not stimulated, the device is
called light emitting diode (LED).

To convert LED into a laser diode, high current density is required to achieve

population inversion and the opposite surfaces should be rotishe

26. What is the principle used in the emission of photo current in p—n junction

photo diode?

When a p-n junction diode 'is e
it produces electron and hole pairs.
produces a reverse current.

ovese cuent

xposed to light (photons), under reverse bias,
Due to the flow of these charge carriers, it

—
—
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27. Mention any four Iy
Based on the 1

Xs

]

3.

4.
28. What are the advantages

Advantages
1.

A It is light in weight.
3. It is very compact (small in sizc).
4. Noisc of the photo diode is very less.
5. It can be rugged mechanically.
6. The response ol the photo-diode is wide spectral.
Disadvantages
|. Here the dark current is temperature dependent.
2. The thermal stability is very poor.
3. Amplification is compulsorily required for better performance. "
4. Efficiency is poor in rainy/winter scasons.
|I

29. Give any four application

Applications

{. Photo-diodes arc used in charge-couple devices [CCDJ,
and photo-multiplicr tubes.

2. They have wide applications in clocks, radio, camera, street lights, etc.

3. They arc used for lighting regulation and in optical communication
systems.

4. Photo-diodes arc used in clectronic devices such as smoke detectors, CD

remote controls etc.
c1) instrument.

5, Tatle 0T i
ownloaded from EnggTree.com

pe of photo diodes.

nodes of operation, there are different types of photo-diodes viz,
PIN [p type - intrinsic - n type] photo diode.

APD [Avalanche pin pho[o-diodc].
Schottky photo-diode.

Solar cell cte.
and disadvanitages of photo diode?

They have long lifc period.

s of photo diode.

photo-conductors

players, TVs,

cine they ar€ used in computed tomography (
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0. Write the principle of operation in 4 solar cell

solar cell is a basic :
.A nerey] directly ir rfm/,!y ”'{""’ ge area photo-diode which converts sunlight
[solar energ. cctly mio electricity [Electrical energy], with larger efficiency,
of photon absorption. ' :

31, Mention any wo merits and demerits of solar cell

Merits

1. The energy used by solar cell is a renewable energy source i.c., sun.
2. These cells are eco-friendly and save electricity charges.
3. It is a pollution free device with higher efficiency.

4. Life time and durability is longer.

Demerits
1. Investment/installation cost is high.
2. It is a seasonal energy, which can’t work under winter/rainy seasons.
3. It occupies more space for solar panels to be installed.
. 4. The electrical energy generated should always be converted from DC to
AC, which is practically difficult.
32. List out any four applications of solar cell.
1. Solar cells are used in the production of electricity to our daily needs.

2. Solar cells also provide electricity which may be used for commercial

purposes.
3. They are used in artificial satellites and in space probes. )

4. Solar panels are used in calculators, watches, street lights, toys etc.

33. What is the working principe of OLED?
An electron moves from the cathode to the emissive layer and the hole moves
from the anode to the conductive layer and they recombine to produce photons,

is the principle used emit light in OLED.
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34. In what way OLED is advantage than LED/LCD
Advantages
OLED’s have more advantages, when compared to CRT, LCD and LEDs,

Some of them are as follows.
OLED is very thin, and more flexible.

&

2. They are light in weight.

3. Light emission is brighter than normal LED’s.

4. The conductive and emissive layers can be increased to increase the
efficiency of OLED.

5. OLED’s do not require backlighting like LCD’s.

6. They have large field of view [About 170°]

Disadvantages
1. Cost of manufacturing is very high.

2. OLED’s can be easily damaged when water falls on it.

3. Blue OLED have less life time, when compared to Red OLED.

4. Maintenance cost also increases due to different life time.

35. List out the recent applications of OLED.
1. OLED’s are widely used in cell phones, digital cameras etc.

2. Thev are also used in TV screens comnuter
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Well | Barrier
width width
When two semiconductors of different band gap energies and of thic!mess

comparable to the electron mean free path, alternate to form a synthetically
modulated structure, then such structure is called quantum well structure.

44. What is electro absorption?
A change in optical absorption with apphed electric field (or) voltage is

called electro absorption.

45. Which factors determmes the madulanon bandwidth?
What are ca -




EnggTree.com

—

A large excitonic absorption and a high chinge in the nbsorption per it
applied bias increases the modulation depth,

48, What is meant by photon assisted tunneling?

When photon ol enerpy hyx:!-.‘x is piven to the potentinl barrier, the given
energy is absorbed and the tunneling barrier thickness is reduced, S0 the averlap
of the wave functions increases further, By this condition, the valence electrons
easily tunnels to the conduction band. Therefore the (ranz-keldysh effect s cilled )
photo-assis!cd tunneling effect,

49. What is meant by beam switching (or) optical switching (or) photonic?

Using high modulating systems, we can deflect or switch the direction of
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I - What is the difference_between ﬂze band gap of a matenal to the -
= nanomaterial? : e e |
. In ordinary material, the band aap wﬂlbe smaller For nantama_tc_r'_za];aﬁ;_
i the band gap will be greater. e

- t Imw wz!! be flze nature of the matenal and band gap

93¢ In quantum doi

In the case of quanmm dO’iS, the smaller thf: paruc.le the blgger the band*

s What rs meant by Ballzstw trmzswrt" j _- o ek

When the mean free pat‘n of the electron is lonoer than the d:mens
n travels 15 calied Balhsm: transport

nd': tance or conduétancﬁ{ﬁquaﬁtﬂm G, 18

-f.:-_-Advantages.

'f?'-(l)_ ‘Broad Spectrum with spec:ﬁc ‘wavelength of light emission can
__be obtamad by changing dot size.

_1-___'-(11) Because of very small active volume, only very less populauon
mvers;on 15 necessary for lasing. |
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Disadvantages:
@ Mt very difficult form high quality dots |Uniform size and Higher
density]
G Difficult to manufacture because of nanonieter size.
. & Whar are the applicarions of quantum dot laser?
Applications
@ QD lasers are usad in madicine loptical coherence tomography].

G1) QD lasers are used in display technologies, Spectroscopy and
ralecommunications. QD lasers are used in optical . transmission
system and optical LANs.

o Whar is meant by bulk marerial?
o bulk material is a collection of atoms having property that are from
" individual sroms.
#8. Define density of energy states?
Density of energy is defined as the number of available energy states

per umit volume, per unit energy in a solid.

' #i.  Write the equarion for an electron density in a conductor at T = 0K.

The electron density in a conductor at T = 0K is
af8m Y :
n, = Lﬂ-.—! E.(0)"°
h-

’

1

p-=

LY I

12.  Whether fermi energy vary on material’s size? If yes or no, justify
your statemeni.

No. since electron density is the property of the material, the Fermi
eneray does not vary with materials size. Fermi energy is the same for a particle
of copper as it is for a brick of copper.

13.  What will happen to the band gap when the volume is reduced from
that of a solid to a nano material?
The band gap gets bigger as the material gets smaller,

If the volume is reduced from that of a solid to that of a nano material
the band gap will widen.

A
|

|
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14.  What is meant by Tunnelling »

The phenomenon in which

; partete, ke ay clectron, CCOUE1 gy,
energy barrier in an electronic structure ang sutlth'ul_v PEBCtey |y knowy, i
tunnelling. |
15-

What is meant by quantum confinementy,

The effect achieved by reducing the vohimge
levels within it becomes discrete I8 calle
16.  What we will observe when we decrease the

size?

OF @ solig

RO that the ¢
d guantun conling

Herpy
ment,

Size of the particle to ngno

It we decrease the size of the
- confining size creates the energy le
levels increases or widens y
.. increases,

£17.

particle to
vels discrete,
P the band gap

nano- size,
The formation of
and finally the 1

the decrease i
discrete energy
and pap energy also

What is meant by quantum confined structure?

A quantum confined Structure is one which the motion of the electron
' or holes are confined in one or more directions by potential barriers.
18 Define the term quantum well, quantum wire and quantum dot.

An electrically isolated region,

like a thin fitm, where electrons
- constrained in one dimension and exhibitiy
well.

are
g quantum behaviour is cg

lled quantum

An electrically isolated region, like a nano tube Oor nano_ scale wire,
where electrons constrained in two dimensions and cxhibiting. quantum behaviour
1S called quantum wire, SRR A

An electrically isolated region, such. as a_1):1:‘ticl§:'_91"_,fag :_pu_ﬁl'n_qn_jf_nlt_:___l :;-lu._n_l};_,.__
nductor, where electrons are constrained in all three dimensions, creating
an artificial atom that exhibits quantum behavi

semi co

our is called quantum dot Gy
19, Write any two applications of quantum _wﬁlﬂ qf;fqn:iur:::_' )i{:‘.r_g.q,-m.-,m:gntum
dot,
Quantum well
1.

Quantum wells are now widely used to make tsmtn,_m}d_l_l_t_._wr | YEIS |
u . W ) b A ) | AT |
and other important devices.

ol antum
2. Quantum well infrared photodetectors are also based on fuAT
| wells, and are used for infrared imaging,

| Downloaded from EnggTree.com
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| in certain electronic structures, including quantum dots and single electron

| transistors is called coulomb blockade.

- 21.  Define coulomb blockade.

[ e Physicy for BElectrical ls‘nglnwrlur\

Quantum wire
1. Quantum wires can be used for transistors,

2. A quantum wire application is nano bar codes which is used iy
medical field. Nano bar codes are made different quantum wires
of different metals that have different retlectivity.

Quantum dots

I.  Quantom dot may be used as a basic building block in making a
quantum COIHPUIEI’.

2. The quantum dot applications in various ficlds include blue-laser
diodes, single electron transistor, light-emitting devices, etc

20.  How the density of states is proportional to the energy in one dimension,
two dimension and three dimension.

]

(i) In one dimension, density of states is proportional F"?.

(i) In two dimension, density of states is proportional to energy E. '5

(iii) In three dimension. density of states is proportional to E'?,
The resistance to electron transport caused by electrostatic coulomb forces

22.  What is the purpose of coulomb blockade?

Coulomb block
quantum dot.

23.

ade helps to prevent constant tunnelling to and from a

How coulomb blockade prevent unwanted tunnelling?

_Thc coulomb blockade can prevent unwante
much higher than the thermal energy of an electron.
blockade is therefore Ec >> KuT

d twnnelling, when energy s
The condition for the coulomb

24 What is meant by single electron transistor?

A transistor made from g quantum dot th

_ at controls the current from
source to drain one electron at a time

i called single electron transistor.
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riteria for the single ¢
For single electron phe

lectron Phenometer ¢, occur?
electron or quantum dot in isoj

nomen

a (o occur,
ation.

we have to keep the single
26.  Explain the rules w

There are wo rules:
Rule 1

The energy needeqd to

‘5 add one electron to the dot, or chargine ¢
E.. must be significantly S

- nergy,
higher than the thermal cnergy of an electron

Rule 2

The uncertainty of the ch

| arging energy must be less than the charging
| energy itself. This is accomplished if

h
: R, >>—
H J “‘i-,__

e;‘
e R = tunnelling resistance.
L v following the above two rules,

electrons one at a time and single electron ph
In the single

it becomes possible

enomena will occur.
electron transistor, these two rules are used.

to manipulate

PART B QUESTIONS

Write a short note an band gap of nanomaterials

2. Derive the expression for density of states for different quantum coafinements

3. Exphin quantum well, quantum wire and quantum dot.

4. Write a short note of a tunnelling.

. Deseribe the construction and working of single electron transistor,

6. Explain the phenomena of single electron which s used in single electron
transistor,

1. Describe the construction and working of quantum dot laser.

8. Explain the conductivity of metallic nano wire. |

A Derive an expression for quantum conductance and quantum resistance.

10.

. : 4 gquantum well laser.
Describe the principle, construction and working of a quantu
Downloaded from EnggTree.com



