Quantum mechanics.

Quantum mechanics(QM) is the science about the motion of microscggiysical objects. QM takes into
account wave-patrticle duality and uncertainty pgptes. The waves discussed in QM are de Broglie
waves also known as matter waves. The quantitylatseg in this wave is the probability to find a
physical object in the certain part of the spacgia®e of the amplitud@ of the matter wave is equal to
probability density that we get if we divide proldai to find particle in certain part of the spadl by
the volume of this spacdV: So we have A? = AP/AV or more preciselyA? = dP/dV. If the object can
move only along the-axis, thenA? = dP/dx, we are talking abouhe linear density of the probability.

Uncertainty relation between the coordinate and momntum Ax Apx~7# says that we are not able to
determine simultaneously the coordinateand the momentum along the same gxis The more
accurately we know one of these values, the lessrately we know the other. The sign “~” should be
read“is in the same order of magnitude’The constant = h /(2r) = 1.054*10% J- s (called h-bar) is
the reduced Planck constant. The principal diffeedmetween classical and quantum mechanics is lying
in the uncertainty relation. According to the claabmechanics4x " Apx = 0, there are no uncertainties.
All the values of coordinate and momentum are ptatlie. So the classical mechanics is a specialaas
QM, considering the Planck constant being neghgdnhall (equal to zero).

In the case of certain energy valuesf physical objects, generated by strong spagstriction, the coordinate-
momentum uncertainty relation is written in thenflorix * Apx > 7/2. In particular, this relation states that
the complete stopping of thermal motion of the argparticles is impossible. If the particle is coetply
at rest, then its coordinate and momentum are équlal to zero. The zero values are certain values.
According to the uncertainty relationx - Apx > #/2 , this situation is not possible.

The coordinate-momentum uncertainty relationrepresents the intercourse between wave and lpantture
of physical objects. If we know the momentum of plagticle and hence its wavelengitp{ = 0), then we
cannot talk about particle natutdx(= oo, the whole space is “full” of wave). If we knowetlexact
position of the particledx = 0), then physical object behaves only as a partiWe cannot find its
wavelength and momentum. The future of the obgcbmpletely unpredictable.

Uncertainty relation between the energy and timedE - At ~ 7 states tha¢énergy and lifetime of quantum
statecannot be simultaneously determined. This repregbstfinite distance between energy levEle
energy of emitted photon is fully determinetE(= 0) only when the emission process lasts for @tern
(t=). The law of energy conservation can be violatgthle amount4E ~ 7 /At during the time
interval At.

Wave function is a function describing completely in QM the ciioth of a physical object. For the particle
moving alongk-axis: ¥ = Acos @t —k» orin complex form¥=Aexp (ot -k 3]. Wave function
is a solution of the Schrodinger equation. In thé @xtbooks, the wave function is obviously present
in the form %= A exp [i(k X —@ 1)], using at first the spatial part of the phas&)(@nd then the temporal
one ).

Schrdédinger equationis describing the motion of the physical objectha QM like the Newton’s laws do it in
the classical mechanics. Schrédinger equatioreigtiergy conservation lavE = E.+ E, or according
to quantum mechanical notatiém = 7 %k%/(2m) + U. The kinetic energy of the object is representetthén
QM through the momenturp and wave numbek in the form of E,= m?v?/(2m) = p?/(2m) = 7 22/(2m).
The momentum of the physical object is proportidoats wave number according to de Broglie formula
p=h/i=(h/2r) (2r /1) =hk.

The Schrédinger equationfor the particle moving along theaxis: i7i (6 ¥ét) = (= 2/2m) (6 Hox?) + U ¥.

For an electron located in atom, the Schrodingaatgn and the wave functions do not depend on:time
{(-h2%2m) A+ U}y =Ey, where y = Aexp { kX and 4= &%/6x* + 3*oy? + 8?1067 is called Laplace
operator. Expressiof(—7%%2m) A+ U} is called _Hamilton operator or hamiltonian (niwatd). The
hamiltonian is the operator of the total energyhef QM system. It means that the eigenvalues of the
hamiltonian are the values of the net energy oftstem.




The operator is a prescription or manual that describes whad kif manipulations one should perform with
the function written after operator. These manipotes are called the implementation of the operdtor
example, if we implement time derivative opera@r/{t) on wave function? = Aexp i(k x —o t)], we
get relation §../ot))¥ =—-lw ¥, that is callecigenvalue equationThe quantity €i®) on the right side
of equation is called eigenvaluEhe functions that satisfy the certain eigenvageation are called
eigenfunctionsTherefore, the Schrédinger equation for the atdm= Ey is an eigenvalue equation.
Eigenvalues of Hamilton operator are the enerdi¢seoatom. The operator is like a camera used for
taking photograph of some QM object. All the infaton about the object is included in the wave
function but we cannot obtain it all at once. Thgeavalue is like a photograph. It includes the
information, which has been reachable with this @@nat the given moment.

Potential well is the region surrounding a local minimum of poitdrenergy. Potential well has the walls or
potential barriers restricting the motion of theygical object inside the well. The walls are corsad to
be perpendicular to the coordinate axjsalong which the object can move. The potentidl iselescribed
by the Schrédinger equatiof(—4 %/2m) (6%0x?) + U}y =Ew. This equation can be transformed to the
form (@%6x%)y + {2m(E—-U /%% w = 0. In caseU = 0 (within the potential well), this equation
describes standing wave with wave numker (2nE)Y% 7. In the area outside of the well, the energy of
the objectE is lower than the height of the potential bartier So the quantity2m (E — U) / #2} is
negative there and the Schrodinger equation desctiie decrease of the matter wave amplitddm the
potential barrier area according to the exponedtahy lawA (x) = Ay € “*, where x is distance from
barrier edge and the absorption coefficiant {2m (U — E)}Y%/ 7 .

Tunnelling is the QM phenomenon where an object is goinguidiinaa barrier not penetrable according to the
classical mechanics. Usually the walls of the piéwell are impenetrable for physical objects dese
the probability wave amplitudé& decreases very quickly. However, if the heighthef potential barrier
is moderately — E # «0) and the barrier is thin enough, then the ampditdd of the probability wave at
the other side of the barrier is different fromaeFhis means that the object can go through thaeba
with some probability. The tunnelling plays an esise role in several physical phenomena, sucthas t
nuclear fusion that occurs in the Sun. It has irtgodrapplications to modern devices such as theelun
diode, quantum computing, and the scanning tumgethicroscope.

Electron microscopeis a microscope that uses a beam of high-energyrefes as a source of illumination. As
the wavelength of an electron can be up tbtitfes shorter than the wavelength of visible lighotons,
electron microscopes have a higher resolving pafaer light microscopes and can reveal the strudtire
smaller objects. A transmission electron microsddeM) can achieve a resolution better than 50 pm
and magnifications of up to about’ltines whereas most of light microscopes are diffoaally limited
by resolution about 200 nm and useful magnificagibaelow 2000 times he wavelength of electrons
can be easily controlled by adjustment of the aragéibn voltage) , becausei = h /(2meU*?

Scanning electron microscop€SEM) is a type of electron microscope that predumages of a sample by
scanning it with a focused beam of electrons. Teet®ns interact with atoms in the sample, prodgci
various signals that contain information aboutsbdace topography of sample and its composititre T
electron beam is generally scanned in a rastergat@rn, and the information considering the beam’
position is combined with the detected signal tdpice an image. SEM can achieve resolution better
than 1 nanometer.

Scanning tunnelling microscope(STM) is an instrument for imaging surfaces atdtamic level. The STM is
based on the concept of quantum tunnelling. Whesnducting tip is brought very near to the surftace
be examined, a voltage applied between the tiplagurface can allow electrons to tunnel throdngh t
vacuum between them. The resulting tunneling ctiisea function of tip position, applied voltagaeda
the local density of electronic states of the sampl




Interpretations of quantum mechanicsare different answers to the questigkt: which moment something
that can occur with quantum probability becomed?&aere are two main groups of interpretations.
Einstein concept states that there is no randonateds QM is just a bad theory, not able to pcethe
future. Bohr concept or the Copenhagen interpmtaif QM states that the observer himself takesipar
the formation of physical reality. The new realgycreated when the observation or experiment e dib
something has happened, then all the contrarylpbges have become impossible.

Quantum computersare different from the binary digital electronicngputers based on transistors. Common
digital computing requires that the data be encaodiedbinary digits (bits), each of which is alwags
one of the two definite states (0 or 1). Quantumgoter uses quantum bits called gubits, which are
normally in_entangled state. This state can beparpwsition of infinite number (not only O or 1% o
elementary states. Quantum computer does not starekact correct answer, it is searching forrtast
probable answer.

Quantum cryptography is a secure method of information transfer basethe laws of quantum mechanics.
Information is coded within the states of electrgmetic photons (polarization, for example). Infotioa
is sent in packages that contain certain numbphofons. Because a single photon can be absorlhed on
once, the complete arrival of the package at datstin secures that it was not disturbed on the way.
Hence, there is no information leakage.




