LTFY.01.007 Physicsan

d Engineering, an examination task assessing the 4th learning

outcome (The student should be able to use the vocabulary introduced at the lectures to explain

the basic principles of some

Please explain in the right si
materials on which is based
Some typical questions with

engineering devices applying physical terminology in a correct way).

de of the table tgsjcal phenomena, physical laws, special featoir#se
the statement formdiist¢he left side.
the expected answerseashown below:

AC generator: periodically
changing electromotive forcg
(EMF) is created on the
output terminals of the
generator. This EMF depenc
on the rotation frequency of
the rotor.

The rotor of the AC generator is an permanent magnelectromagnet,
ewhich is rotated using an external mechanical gnérige time-varying
magnetic flux@ produced by the rotor induces a time-varying ENMEhe
stator according to the Faraday-Maxwell law of glmoagnetic induction:
¥,y = — d@/dt. The amplitude of this EMF is proportional to ti¢ation
frequencyw and the amplitude of the magnetic fllBY:

Eing = — ddt (BScosat) = @ BSsin at = Eng, Sin at

Antenna: Radio will work
better if its external antenna
is brought near a vertical

water pipe. It is not necessaryf the EM wave travel direction, which is almostikontal. An EM wave

to bring the antenna into
contact with the pipe.

An antenna is an electrical device which creatagcgiveslectromagnetic
(EM) waves. In this case, the water pipe worksresxdension to the
antenna. A vertical pipe works better, as it igpadicular to the direction

is a transverse wave, which means the electriaraaghetic fields are
perpendicular to the direction of energy transtére contact is not
necessary because the frequency is high and thentis able to flow
through the capacitor formed on the base of the amq antenna.

Antistatic protection
device: Workers at an
electronics factory have to
wear grounded conducting
wrist straps.

Electrostatic charge can build up on the human lodydry room as a
result of the friction between the body and theles. The generated
voltage can be in the order of magnitude of terlgloYolts. This voltage ig
high enough to create a dielectric breakdown irottide layer of
MOSFETs. Wearing a grounded wrist strap allowsctierges to flow from
the body to the ground. Antistatic devices are atspliired for working
with computer components.

AC asynchronous moto:
alternating current (AC)
asynchronous motor works
without electrical
connections to the rotor.

An asynchronous motor is a type of an inductionanot which the
electric current in the rotor needed to producgueris obtained by
electromagnetic induction from the rotating magnééld of the stator.
The current in the rotor creates a magnetic figlich due to Lenz’s law,
is trying to compensate the changes of the statotaing magnetic field.
So the rotor’'s magnetic field is trying to hold theme direction as the
rotating field created by the stator. It means thatrotating magnetic field
of the stator will bring the rotor also into rotati The torque acting on thé
rotor exists only when it rotates at a smaller @iy than the rotating
magnetic field of the stator, hence the term asgorabus.

Bimetallic circuit breaker is
a resettable circuit breaker,
contrast to a fuse.

The bimetallic circuit breaker is a device consigtof two strips of
rdifferent metals which are riveted together andehadifferent thermal
expansion coefficients. If a higher than wantedeniris flowing thorough
the breaker, the device will warm up, the lengtthath strips will increase
in a different way, the bimetallic strip bends swdgs and breaks the
circuit. If the strip cools down, it unbends and thircuit breaker can be
reused.

Bipolar junction transistor
is a current-controlled
transistor, unlike the field-
effect transistor.

A bipolar junction transistor contains two pn junos. These junctions
separate three regions, which are called emittese land collector. In

typical operation, the base-emitter junction isvard biased and the base
collector junction is reverse biased. Increasirgglihse current allows the
majority charge carriers of the emitter to enter lase. This increases the
conductivity of the base and the base-collectoctjon is opened. A small
change in the base current induces a large chartge icollector current.

The bipolar transistor is almost not used nowadegsuse it is a current-
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operated device and needs too much power.




Charge-coupled device
(CCD)

stores the brightness of a
pixel as the charge of the
capacitor.

A charge-coupled device uses a large number oflroride-
semiconductor (MOS) capacitors to record the imageh pixel ficture
element) is represented by one capacitor. Electron-hoies pae created in
the junction by incoming photons and the electrintfie pairs are drawn
toward the oxide layer of the capacitor. This ckeasgmoved between the
bins of capacitors toward the edge of the devideererit is amplified and
stored. This is done in serial way for each indialdpixel. In a CCD
camera, the charge of every pixel is measured atgbharit allows the
brightnesses of pixels to vary. Most professiomaheras contain a CCD.

CMOS-camerais a camera
based on complementary
metal-oxide-semiconductor
technology.

In a CMOS-camera, each pixel consists of a patoaiplementary MOS
transistors. One of transistors is p-type and therds n-type. In the first
transistor, incoming photons create electron-haiespwhich cause the
transistor to open. This causes the other trandistdose, signaling the
illumination of the pixel. The signal from each eixs transmitted and
stored. CMOS-camera is a purely digital device ergpixel can only be
in two states, illuminated or not.

Curie point: Magnetic
memory is erased when the
memory device is heated to
an excessive temperature.

In the case of magnetic memory (the hard diskofputers, for instance
the working ferromagnetic substance possesses aida@tnucture. In ever
domain all the magnetic fields of ions are orientethe same direction. S
each domain is able to store one bit of informatiéii ferromagnetic
materials have a certain temperature, called thiee@oint, above which
the domain structure is lost due to thermal disorsethe heating process
the hysteresis loop will also vanish and the staméatmation will be lost.
A wide hysteresis loop of the memory material anigh Curie point are
required for magnetic memory applications.
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Diesel engin is a heat

engine, which, unlike the
Otto (or: gazoline) engine
does not use a spark ignitiof
system.

A diesel engine, also known as a compression-@mgingine, is an
internal combustion engine where the ignition & thixture of air and fue
is achieved by rapid adiabatical compressing ohtheure. An adiabatic
nprocess is a process where no heat is exchangedhgienvironment. In
an adiabatic process, the external work done asangreases its internal
energy, which is proportional to its temperaturer. that reason, adiabatic
compression of a gas increases its temperatureteaues, which in
diesel engine is sufficient for ignition of the fumixture. Modern diesel
engines also have so-called glow plugs, which ge-the mixture for use
in the case of a cold engine.
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Direct current (DC) motor

is an electrical motor, which
works on a direct current
source. Direct current
motors require permanent
magnets to operate.

The stationary part of the DC motor called statortains permanent
magnets which create a stationary magnetic fietthénposition of the

of copper wire through which flows the direct cumreA current-carrying
wire with the length experiences a magnetic foreg=B 1 | in the
magnetic fieldB, which creates a torque. In the case of multiptedigs,
the current is directed only through the ones ¢xaerience the maximal
instantaneous torque.

rotor, which is the moving part of the motor. Tlogor consists of windings

D

Electric arc dischargecan
happen at normal pressure,
while strong rarification of
the gas is needed foigéow
discharge The arc discharge
has a lot of applications.

An electric arc discharge is an electrical breakdawthe initially non-
conducting gas that produces an ongoing electtisaharge. After
starting, the heat from the arc will ionize addiadly the gas molecules. Ir
the case of arc discharge the temperature of théuming gas and the

» concentration of charge carriers are very highth®dig currentshundreds
of amperelare reached at quite low voltagené of volty. The arc
discharge is used for the electrical welding ofateeéind also in fluoresce
and gas discharge lamps. The source of the exdifihtight in the
fluorescent lamp is the arc discharge in mercuinya glow discharge, the
gas is ionized directly by the effect of the electield, which requires a
high mean-free path and hence, a low density digbes. The voltages areg

nt

high (hundreds of volfs the currents are sma#igme milliamperds




Electrical grounding: All Phase terminal is the terminal possessing a pegthgichanging voltage

modern electrical devices | with respect to the earth or ground. Neutral istémeinal which connects

have three terminals - phaseto the wire that carries current back to the soarat has a negligible

neutral and ground terminal{ voltage with respect to the earth (ground). Grotamohinal is the terminal
which provides a low-resistance path to the grduoich the casing of the
device. In case when the casing comes into a faohyact with the phase
terminal, the ground terminal leads the strongemiraway from the person
using the device and into the earth while als@gigg a fuse or circuit
breaker.

Electrical shielding: Electric shielding works on the principle, that &lectric field inside a

An electrical device which ig conductor is always zero. The external field induciearges on the surface

sensitive to external electric| of a conductor. The field of induced charges eyamhcel the external

disruptions is placed in a boxield. An enclosure for shielding external fieldscalled a Faraday cage.

or net of wires made from | In the case of coaxial cable the inner wire cagytime electrical signal

conducting material. (periodically changing voltage) is shielded by agliical net of copper
wires. This shielding net is typically grounded.

Electrical transport in the DC motors are reversible. The engine of a decahgratolley car or a tram

city is economical, because| can be used as a generator, which converts thédkerergy of a

the kinetic energy from a decelerating vehicle to the electrical energy. Hmsrgy can be transmitted

decelerating trolley car or a | to other vehicles through the electrical networkalregular car, in the case

tram can be used for other | of braking the kinetic energy of the car is congdrtompletely to heat in

trolleys. the brakes. So the kinetic energy is lost.

Electromagner: The starter relay is a strong electromagnet, wisiclriven by a current

If the driver turns the starter| from the battery. When a strong current passesigfirthe relay, it

key, it activates the starter | magnetizes its iron core armature, which puts thees electrical motor

relay, which brings the starteinto contact with the battery. Also the movementhaf iron core pushes

into mechanical contact with out a pinion on the starter drive shaft, putting étectric starter motor intg

the engine. a mechanical contact with the engine of the cae ditomatic locking
system of the car doors is also driven by the edazagnets.

Electron microscopeis a As the wavelength of an electron can be up totib@es shorter than the

microscope that uses a beapwavelength of visible light photons, electron mexopes have a higher

of high-energy electrons as gresolving power than light microscopes and canaktie structure of

source of illumination. smaller objects. A transmission electron microsddiieM) can achieve a
resolution 0.1 nm and magnifications of up to abdittimes whereas
most of light microscopes are diffractionally lieit by resolution about
200 nm and useful magnifications below 2000 tinTé®e wavelength of
electrons A can be easily controlled by adjustment of the acatibn
voltageU , becausel = h /(2meU)"2.

Field effect transistor The field-effect transistor consists of only onejymction. The device

(FET) is a transitor, that possesses an active channel through which eleatrdmsles flow from the

unlike the bipolar junction | source to the drain. If the gate terminal is forviaiased, it creates an

transistor, uses the electric | electric field which increases the width of the docting channel — the

field instead of current to transistor is opened. In the case of reverse thiagjepletion region of the

control the electrical pn junction is expanding, the width of the charisebduced and the

resistance of a transistor. | transistor is effectively closed.

Ground fault circuit A ground fault circuit interrupter (CFCI) is a aiit breaker which is

interrupter: Ground fault designed to protect people from electrical shockidnitors the current in

interrupters protect humans| the neutral wire and phase wire of the circuit.sAsn as the phase wire

effectively from electrical comes into direct contact with the ground (thera short circuit), a current

shock. difference between the neutral wire and phase iwiceeated and the
interrupter breaks the circuit. The time in whible interrupter reacts (ca 10
ms) is much shorter than the working cycle of theman heart and so the
dangerous equipment is switched out before the bé#ne operating
person is damaged. Therefore the CFCI protectpetson very effectively
in the case of contact with the faulty wire.




Hall sensor: The Hall effect
is most commonly used to
measure the magnetic flux
density (or magnetic
induction) B.

Hall effect is the creation of a voltage differeram®oss a current-carrying
conductor or semiconductor in the case of appliagmetic field. The
charge carriers moving in a magnetic field expexgea Lorentz force in th
direction perpendicular both to the current andrtfagnetic field. This
force creates a charge separation, which gendtadsall voltageJy
between the ends of the conductor. The Hall voliageoportional to the
current and the magnetic flux densBy Uy = constl B/d. Hence we can
measure the magnetic flux densiBy by measuring the voltage.

Heat engineis a device that
operates between a hot and
cold environment, convertin
thermal energy into
mechanical energy.

A heat engine is a device that extracts some anuiurgat energyQ:
drom the hotter environment, converts some of ithuseful mechanical
gwork W and delivers the rest amount of h@atto the colder environment.
The efficiency of the heat engine relates how mussful work is output
for a given amount of heat energy inpgts W/Q;= (Q1 — Q) /Q;. The
maximum efficiency of the heat engine is determibgdhe temperatures
of hot (T;) and cold ) environments, respectivelyma, = (T1 —To) /T1.

High voltage transmission
line: Wires of the
transmission line are
separated from the poles or
pylons by long suspended
insulators.

The power line wires have a high voltage with respe the ground. The
poles or pylons supporting the wires are in eleatrcontact with the
ground and are usually made of conducting matefiaisger insulating
suspensions that insulate the wires from the suipygostructures allow for
smaller electric field value in the materi& £ U /1), which reduces the
possibility of a breakdown.

Incandescent light bulk:
The filament of the light bulk
is glowing hot, while the
connecting copper wires
remain cold.

The cross-section ardaof the filament is much smaller than that of the
wires. So the resistand@= pl /A of the unit lengthl of the filament is
bigger than the resistance of unit length of thenexting wire. Also are th
filaments made from tungsten (W), which has a higésistivity than that
of the copper wires. For that reason, the pdweissipated per unit length
is much greater in the filament than in the wigssP = 1 R and the same
current | is flowing through the filament and wires.

Inductor spark: Breaking a
circuit causes a spark in the
breaker, while closing the
circuit does not. This can
happen even in the case of
low voltage circuit.

This happens if the inductance of the circuit sagrenough. Closing the
circuit allows current to flow in the inductor, vdhi generates the
electromotive force (EMF) of self-induction in threluctor. According to
Lenz’ law, this EMF opposes the external voltagerse and does not let

athe current to change instantaneously. While opgtiia circuit however,
the inductor acts as though to conserve the cuamhthus the generated
EMF is added to the voltage of the external soUscethe net voltage is
high enough for a spark to form. This mechanismidess used, for
example in spark plugs of the car engines.

Integrated circuit
(microchip)

Is a set of electronic circuits
consisting of p-n junctions,
capacitors and resistors on
small flat piece of
semiconductor material.

In integrated circuits, a semiconducting substfeaiedwafer), usually
made from silicon is covered with nanoscale lagéisome conducting
metals and dielectric materials. These layers eansled to construct the
components of the circuits. For example an ardawoflayers of
aconducting materials with a dielectrics in betwéams a tiny capacitor.
Placing all the elements on the same substratéesraasimilar working
temperature for the all components. Also the codt@ower consumption
of the microchips is greatly reduced in compariaath the circuit
consisting of separated components. An integratedituses less materié

1

and less power. Integrated circuits are ubiquitousodern electronics.




Laseris a device that emits
light based on the stimulate
emission of electromagnetic
radiation, e.g photons with
the same frequency, phase
and polarization.

Working principle of a laser is based on: a) thesision created in the

1 quantum system and b) use of the optical cavitg ifkiersion means that
the higher energy level is occupied more probatdy tthe lower levels.
There are a lot of particles ready to emit lighaugia with certain
properties. In the lasers, the system generatmgtrersion called the
pumping system, should be always in use. An optawity is an
arrangement of mirrors that forms a standing waight confined in the
cavity reflects multiple times on the mirrors prodwg standing waves for
certain resonance frequencies. So the probabditgénerating a twin for
some photon always existing in the cavity, is eclkedn

Light emitting diode (LED)
is a device that creates visii
light from electrical energy.

Light emitting diode (LED)s a forward biased PN junction which
Igenerates light using the energy of electric fielM. junction is the region
in the semiconductor where n-conducting and p-cotialy parts are in
contact. In n-conducting part, the dominating ckararriers are (negative
electrons. In the p-conducting part the dominatiagiers are (positive)
holes. In the case of forward biasing, the positigke of outer voltage
source is connected to the p-conducting part ofcarductor, and the
negative pole of the source is is connected totbenducting part. The
electric field generated by the source is bringmgyelectrons and holes
together. When an electron meets the hole, thehdleeis filled by the
electron and the energy of electron-hole pairaagmitted to the generate
photon.

Liquid crystal display
(LCD) The liquid crystal
display is one the most usec
display types, because it ha
smaller power consumption
and is made of relatively
cheap materials.

In the LCD display, light is usually generated ylbs. The generated ligh
is polarized and sent through a thin layer of ligciystal molecules, which
| are sandwiched between two transparent condudtiegts. The light
spasses the liquid crystal only when the axis ofdiystals are aligned with
the plane of polarization of the passing light. Btignment of the liquid
crystal molecules can be changed by applying agelbn the conducting
sheets, thereby allowing to change the brightnésslvidual pixels.
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Luminous efficacy is a
measure of how well a light
source produces visible ligh
Its maximal theoretical value
Im/W (fill the gap!)
Luminous efficacy greately
differs for different light
sources.

Luminous efficacy is ratio of luminous flux of gt source to consumed
electrical power, measured in lumens per watt. Magimal value of the

. luminous efficacy i$83Im/W. It is an luminous efficacy of a light sourct
 that converts all consumed electrical power intomoatromatic light at a
frequency of 540 THz, on which the human eye redpdrest. The efficac
of real light sources is much lower: 10-15 Im/W iiocandescent lamp, 20
35 Im/W for halogen lamp, 50-100 Im/W for a flucrest lamp, 50-150
Im/W for a LED lamp, and up to 200 W/Im for a gasctharge lamp.
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Magnetic crane: Scrap meta
is separated by a magnetic
crane, which attracts scrap
iron or steel, but not copper,

A magnetic crane works as an electromagnet. Asigranferromagnetic
material,it will be strongly magnetized in the magc field created by the
electromagnet, which causes attraction betweemtbil scraps and th
magnet. No such effect can be seen in the caseppiec, because copper
is diamagnetic material and is effected only slighy the electromagnet.

e
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Magnetic memory: The
material used in a magnetic
memory device is not suited
to be used as the core of a
transformer or an
electromagnet.

area. The area of the hysteresis loop is equéktavbrk done per unit
volume for one cycle of magnetization. An electrgmet made of a
magnetic memory material would exhibit high endapses, would be
hard to control due to wide hysteresis loop andld/exhibit a non-linear
B =f(l) -dependence (output voltage of a transformer d/ook be
proportional to the input voltage).

The hysteresis loop of a magnetic memory matesialide and has a large
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Measuring transformer: An
electrician checks a
suspisious wire with a clam
meter.

A clamp meter or a current probe is an electiealice for measuring the
current without an electrical contact with the wilteconsists of two

) conducting and ferromagnetic ,jaws” which clampuard the wire. This
creates a magnetic circuit, where a periodicalgngiing magnetic flux is
created. This in turn creates an alternating ctitteough the secondary

winding, which can be measured.




Metal detector cannot be
used by archaeologists to
search for bones, ceramics
thoroughly corroded metal
objects.

The main component of a metal detector consiséafscillator creating
an alternating current that passes through a codyring an alternating

omagnetic field. If a piece of electrically condwetimetal is close to the
coil, eddy currents will be induced in the materidiis causes the current
through the coil to suddenly drop, as energy isastd as heat in the
material. This method is applicable to searchctorducting materials
only, as a non-conducting material does not alloihigh enough eddy
currents to be induced.

MOSFET: The gate
electrode of the MOSFET
must be separated from the
semiconducting material by
thin layer of dielectric
material possessing a high
relative permittivity.

The positive gate electrode acts to draw the miyncharge carriers of the
semiconductor near the gate electrode, creatirmpducting channel
between the source and drain contacts. The dieldayer between the

agate and the substrate must be thin and must hiaigg gpermittivity, so
that the capacitance of the capacitor consistirntp@fate electrode and
semiconducting substrate would be as high as desaildl a greater charg
could be attracted into the conducting channel bgaller voltage.

Old battery:

A radio with an old battery

works quieter. If it is turned
off and then on again, it will
work louder for some time.

The internal resistance of an old battery is labgeause almost all of the
reactants have been used up and the products oddbgon disturb the
directed motion of the charge carriers. If theriné resistance is large,
only a small current can be drawn from the battéhe radio is turned of
for some time, the products of the chemical react@n diffuse away,
which lets the reaction to proceed. Understandabiy will only last for
some time.

Piezoelectric sensors
produce an electric signal in
response to a force,
piezoelectric actuators use
the reverse effect to very
accurately change the
dimensions of some detail.

Piezoelectricity is the generation of electric geof some types of
materials due to external stress or force exenteith® material. The
converse piezoelectric effect is the changing efdimensions of a materi
due to an external voltage. Due to the applied raueichl stress, positive
and negative ions in the material are displacempposing directions,
thereby changing its polarization, which inducesghrface charges. The
magnitude of this displacement and therefore dlsateated electric field
are proportional to this displacement.

PN junction: In the case of
forward bias, a PN junction
conducts electricity, but in
the case of reverse bias it
does not.

In the case of forward bias, the positive termofahe voltage source is
connected to the p-type side of the PN junctionthed-type side is
connected with the negative terminal. The eledieid created by the
external voltage source pushes the holes in tlypg@+egion and the
electrons in the n-type region toward the junctishich start to neutralize
the depletion region, reducing its width until ®ra. So the PN junction is
opened. In the case of reverse bias, the poséiveinal of the voltage
source is connected to the n-type side and thetimegarminal is
connected to the p-type side of the PN junctiore Width of the depletion
region or length in the formula of its resistancB= p| /S increases and
so the PN junction remain closed.

Power line: high voltage is
used to transfer electrical
power, although from the
formulaP = U “/R it could

be reasoned, that increasing
the power increases the

Increasing the voltage allows to decrease theradatturrent for the same
transmission power aB =1 U. The losses due to heating in the power |
can be calculated a8 = I? R, so that decreasing the current also decrea
the losses. High transmission voltage means avoljage between the

) power line and ground. The voltage in the formolaléssed = U ?/R is
the voltage between the ends of the power lines Vbltage is made so lo

power losses.
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as possible using low resistance transmission wires




Quartz clock:

A quartz lock uses an
electronic oscillator that is
regulated by a quartz crysta
to keep time.

Quartz is a piezoelectric material, that is whejuartz crystal is subjecteo
to the mechanical stress, such as bending, iteseatoltage between its
ends. Also reversely, if a voltage is applied, dimensions of the quartz
crystal will change, with so-called reverse pieeatic effect. The quartz
crystal is oscillating, the dimensions and the nuddke crystal determine
its frequency and period. The time is measurdti@sertain number of
periods. The losses are compensated by electnead)g from battery of
the clock.

Rectifier is a device that
converts alternating current
(AC) to direct current (DC).
Full-wave rectifier does so
more efficiently than a half-
wave rectifier.

Half-wave rectifier requires only a single semicoatr diode (one PN
junction) which permits current to flow during thalf-period of positive
voltage, when the diode is forward-biased. In ttieephalf-period when
the diode is reverse-biased, no current will fliwadern rectifiers are full-
wave rectifiers. This device reverses the directibthe current during the
negative half-period and typically requires 2 atiddes. For the two diode
case, one diode permits current to flow during loaié-period and the othe
diode during the other half-period. In case ofddei setup, the diodes are
set in a bridge configuration where 2 diodes peowitent to flow during
the positive half-period and 2 for the negativd-pafiod.

Refrigerator and the heat
pump:

Does the freezer and the he
pump violate the second law
of thermodynamics?

Heat is drawn from the interior of the device bg theans of the refrigera
ato the radiator, where it is dissipated as he#tecsurroundings. A heat
pump is is a device to extract heat from the codaetironment to heat the
inner, warmer one. Both the refigerator and thd¢ pamp allow heat to
flow from the region with lower temperature to thee with higher
temperature, but only by doing mechanical work. €heopy of the coole
region decreases, while the temperature of thehotte increases by a
larger amount. The total entropy of the whole wanicteases, so the
second law of thermodynamics is satisfied.

Security gate at an airport
reacts to some metal object
on a person.

Security gate consists of an oscillator producingléernating current,
which passes through a coil which produces anreiterg magnetic field.
If a conducting body is brought close to the oeddy currents will be
induced in the body, which create a magnetic figlids own. Another coil
can be used to measure this magnetic field. Angibssibility is to
measure the energy loss caused by the eddy culrecdsise they convert
the electric energy into the thermal energy. Noneltwting object cannot
be detected by this method, as no eddy currenimdweed in a non-
conducting body.

A refrigerator is a device to produce low tempemedgun some local region.
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Scanning electron
microscope(SEM) is a type
of electron microscope that
produces images of a samp
by scanning it with a focuse
beam of electrons.

To scan means to direct a finely focused beangbt br electrons in a
systematic pattern (in serial way) over a surfacerder to reproduce or
sense and subsequently transmit an image. Thealedahteract with
eatoms in the sample, producing various signalsdbatain information
dabout the surface topography of sample and its ositipn. The electron
beam is generally scanned in a raster scan pa#edthe information
considering the beam's position is combined withdbtected signal to
produce an image. SEM can achieve resolution bibiaer 1 nanometer.

Scanning tunnelling
microscope (STM) is an
instrument for imaging
surfaces at the atomic level.

The STM is based on the concept of quantum tumgelliunnelling is the
guantum mechanical phenomenon where an objecing tjorough a
barrier not penetrable according to the classieatimanics. When a
conducting tip is brought very near to the surfiacbe examined, a voltag
applied between the tip and the surface can alleatrens to tunnel
through the vacuum between them. The resultingalimgpcurrent is a
function of tip position, applied voltage, and theal density of electronic

(1]

states of the sample.




Semiconductor lasers and
LEDs are most commonly
made of gallium-arsenide-
phosphide GaAsP (red LEL
or gallium nitride GaN (white
LED).

Semiconductor laser is a semiconductor LED, whsgblaced inside an
optical cavity. The energy of the photon emittecadgser or LED is
roughly equal to the width of the band gap of tamgonductoEy. This is
Jthe minimal energy required to create an electrale-pair. The electron-

> hole pairs recombine in the forward-biased pn jiongtemitting photons.
For gallium-arsenide (GaAd}, = 1,35 eV, gallium phosphide (GaP) 2,2
eV. In case of a mixture (Gaf&.,) Eg can be tuned between those tw:
values. In the case of GaN the band gap is 3,4 lei¢hamakes violet (405
nm) LED possible. This violet light is used as anitng radiation for
photoluminescent LED lamps emitting the white light

Solar cel is an electrical
device, that converts the
energy of light directly into
electrical energy.

Solar cells operate by converting the energy dftligto electrical energy
through the photovoltaic effect. The cell contaans-n junction where the
incoming photons excite the electrons to createt®le-hole pairs. Due tg
the electric field of the junction, these creatkt&ons and holes will drift
in the opposing directions — electrons toward thegion and holes towary
the p region. Only photons whose energy is greéhtar the band gap of th
semiconductor will create electron-hole pairsh# energy of the photon i
greater than the band gap, the rest is absorbleead.s
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Thermal electromotive
force is the temperature
dependent electrical potenti
difference (voltage) produce
between two junctions of tw
dissimilar metals.

The contact potential difference, also called tinétd/potential, is the
electrostatic potential difference between two Iitgetzat are in contact.
alThis potential difference is created by the diffexe of work functions
dbetween those two metals. Thermal electromotiveef@s created in a
bclosed circuit, if the contacts are held at differemperatures. The create
voltage is proportional to the temperature diffeebetween the contacts
This allows to measure the temperature differericheocontacts.

2d

Thermistor: The electrical
resistance of a semiconduct
thermoresistor (thermistor)
rapidly diminishes with
increasing temperature.
This allows a thermistor to b
used to measure temperatu

Semiconductor thermistors are commonly used at éeatyres, where the
othermal energy excites an electron from the doner lole from the
acceptor. This increases the concentration of eheagiers and the
resistivity p= m/z g’ n is decreased. At a higher temperature, the
intrinsic conductivity of the semiconductor (thetimal creation of the
eelectron-hole pairs in it) can be used for the sporpose.
e

Thermocouple: A
millivoltmeter which is
connected to the wires of an
experimental device is used
to measure the temperature
the device.

In the case of thermocouple, the thermoelectriectfs used to measure
the temperature. Two dissimilar metals form a alosecuit with two
electrical junctions, which are held at differegniperatures. A thermal
electromotive force in the order of 0.1 mV/K igated in the circuit.
ddnfortunately, the created voltages are normaltyltov for producing of
electrical energy, but they are sufficient for meay) the temperature.

Tuning: The receiver of a

television or radio programs
is tuned to receive the signa
of a particular station.

The antenna of a radio contains a resorigdircuit. A resonant circuit is
an electrical circuit consisting of an inductordancapacitor. A resonant
| circuit periodically tranforms the energy of thedtic field of the
capacitor into the magnetic field energy of theuctor. A large current
can be generated in the circuit if the antennaivesean electromagnetic
wave possessing the same frequency as the redoe@mncy of the
circuit ax . To tune to a certain channel, the resonant &eqy

w, ~1/~/LC is changed by changing the capacitaite

Varicap: The capacitance o
a capacitor in the resonant
circuit of a modern radio is
varied by changing the
voltage.

f A varicap diode is a semiconducting device, whighsists of one reverse
biased PN junction. The amount of reverse biatagel controls the
thickness of the depletion zone. So the distantedsn the ,plates” of the
capacitor or the length of the non-conducting area is changed. The
capacitanceC is inversely proportional to the distantebetween the
plates of the capacitoiC = g & A/l




