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BIOMHXANIKOX
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Thermal Noise Ogpuikoc @opufog

» Johnson-Nyquist noise (sometimes
thermal noise, Johnson noise or Nyquist
noise) is the generated by the

fluctuation of the
inside an , which
happens regardless of any applied :
due to the random thermal motion of the
charge carriers (the ).

Thermal Noise Oepuikog Oopvpog

* [t was first measured by at
in . He described his
findings to , also at Bell Labs,
who was able to explain the results by
deriving a
relationship.




Thermal Noise Ogprikog Gopvufoc

Thermal noise 1s to be distinguished from

, which consists of additional
current fluctuations that occur when a
voltage 1s applied and a macroscopic
current starts to flow. For the general case,
the above definition applies to charge
carriers in any type of conducting

(e.g. n an ).
Thermal Noise Ogprikog Gopvpog
e The thermal , P, 1n watts, 18
given by P = 4kBTAf, where kB 1s
in joules per , T
1s the conductor 1n kelvins, and
Af1s the n . Thermal noise

power, per hertz, is equal throughout the
spectrum, depending only on kB
and 7. It 1s , 1n other words.




Thermal Noise Ogpuikoc Oopvfog

e In , noise power is often
used. Thermal noise at
can be estimated in as:

« P=— 174 + 10log(Af)

 Where P i1s measured in (0 dBm =1
) and Af1s n

Thermal Noise Oepuikog Gopvpog

e Bandwidth Power

« 1 Hz-174 dBm
« 10 Hz -164 dBm
« 1000 Hz -144 dBm
« 5kHz-137 dBm
« 1 MHz -114 dBm
« 6 MHz -106 dBm




Thermal Noise  Ogpuikog Oopvfog

 Electronics engineers often prefer to work in
terms of noise across the resistor (vn)
and noise (in) going through the
resistor. These also depend on the
, R, of the conductor:

I  4kpTAf
= \ -lL ETRAf ln = v o

*Thermal noise is intrinsic to all resistors and is
not a sign of poor design or manufacture, although
resistors may also have excess noise.

Avtiotaon og yevvnipia Bopvov
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Shot Noise

Shot noise consists of random fluctuations of the

in an electrical , which
are caused by the fact that the current is carried by
discrete charges ( ). The strength of this
noise increases for growing magnitude of the
average current flowing through the conductor.
Shot noise is to be distinguished from current
fluctuations in equilibrium, which happen without
any applied and without any average
current flowing. These equilibrium current
fluctuations are known as

Shot Noise

Shot noise 1s important in ,
, and fundamental

Shot noise is a and the charge

carriers which make up the current will follow a
. The strength of the current

fluctuations can be expressed by giving the

(I = (D)))




Shot Noise

of the current /, where </> is the average
("macroscopic") current. However, the value
measured in this way depends on the frequency
range of fluctuations which 1s measured
(" " of the measurement): The measured
variance of the current grows linearly with
bandwidth. Therefore, a more fundamental
quantity is the noise power, which is essentially
obtained by dividing through the bandwidth (and,
therefore, has the SI units squared divided
by ). It may be defined as the zero-frequency
of the current-current
correlation function:

Shot Noise
+ o0
St)= [ ((I(&)I(0)) — (1(0))?) dt

Note: This is the total noise power, which includes the equilibrium
fluctuations ( ). Some other commonly
employed definitions may differ by a constant pre-factor.

Note: There is often a minor inconsistency in referring to shot noise

in an optical

speaking of the mean square shot

rather than

: many authors refer to shot noise loosely when
(amperes squared)

(Watts).




Shot Noise

Low noise active electronic devices are
designed such that shot noise 1s suppressed

by the repulsion of the charge
carriers. Shot noise in optical devices i1s
called . Space charge limiting
1S not possible 1n devices.

Pink noise -flicker noise

Pink noise, also known as 1/f noise, is a
or process with a

such that the 1S

proportional to the reciprocal of the

frequency. Sometimes pronounced as one

over f noise, it 1s also called flicker noise.




Pink noise -flicker noise

e There is equal energy 1n all .In
terms of power at a constant bandwidth, 1/f
noise falls off at 3 - per octave.

e The human auditory system, which uses a
roughly logarithmic concept of frequency
approximated by the , does not
perceive with equal sensitivity all audible
frequencies. However, humans may still
differentiate between and pink
noise with ease.

Pink noise -flicker noise

also divide signals into
bands logarithmically and report power by
octaves; audio engineers put pink noise
through a system to test whether 1t has a flat
frequency response in the useful spectrum.




Pink noise -flicker noise

From a practical point of view, producing
true pink noise is impossible, since the
energy of such a signal would be infinite.
That 1s, the energy of pink noise in any
frequency interval from f1 to 2 1s
proportional to log(f2 / f1) and if /2 1s
infinity, so is the energy.

Pink noise -flicker noise

Practically, pink noise 1s only pink over a
certain frequency interval. The same is true
of which 1s usually used to
produce pink noise by to remove
more and more energy at succesively higher
frequencies (about 3 dB per octave).




White Noise

* White noise 1s a random (or process)
with a flat . In other
words, the signal's power spectral density
has equal power 1n any band, at any centre
frequency, having a given bandwidth.

 An infinite-bandwidth white noise signal 1s
purely a theoretical construct. By having
power at all frequencies, the total power of
such a signal 1s infinite. In practice, a signal
can be "white" with a flat spectrum over a
defined frequency band.

Cosmic (galactic) noise

Random noise that originates outside the Earth's
atmosphere. (15 MHz - 1.5 GHz)

Cosmic noise characteristics are similar to those of
thermal noise. Cosmic noise is experienced at
frequencies above about 15 MHz when highly
directional antennas are pointed toward the Sun or

to certain other regions of the sky such as the center
of the Milky Way Galaxy.
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KaBopilovpue tnv 16y0 100 onjuatog €ic0dov Psi (2-12, 2-
13).

KaBopilovpe tnv 1oy0 100 BopvPov e16doov Pni (2-14, 2-
15).

YroioyiCovue tnv avaroyio onypatog Tpog 86pvPo g
€16000V S/N1 amd Tov Adyo TV Psi xat Pni (2-16).
KaBopilovpue tnv 1oy0 100 onuatog e£d6oov Pso (2-17).
I'pdpovpe Pno yio tnv 100 T00 BopHov €600V T0 0010
Oa kabopiotel apyotepa (2-18).

YnoloyiCovue tnv avaroyia onuatog tpog 86pvfo g
e£000v S/No and 10 Aoyo Tv Pso kot Pno ( 2-19).

Y moloyiCovpe Tov yeVIKELUEVO TOTO TOL dgiKTn Bopvov
and ta fruata 3 kot 6 (2-20).




*  YmohoyiCovpe 10 Pno and tnv Req epdoov sivan
ovvatd (2-21,2-22), kol aviikafietodue 6TNV
vevikn e€lomon yia 10 F yio va mépovpe v
akpipn oyéon (2-23, 2-24) 1} va Ttpocolopicovue
10 Pno am6 pétpnon (2-3, 2-25,2-26), kot
avTIKAO1GTOOUE Y10 VO, TAPOLUE TN oYEom Yo To F
(2-27,2-28,2-29).
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