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Sinais, medidas, ruidos, . ..

Sistema genérico de aquisicao de dados experimentais

\

Grandeza > R Conversor

fisica a Transdutor |, Condicionadof g Scalltr)nler 03 » de sinal

medir T multiplexadof

A 4
- Transdutor: traduz a grandeza a ser medida Conversor
em um sinal (em geral, elétrico). Sistema de > gnz_alolglylco-
- : - igita
- Condicionador de sinal: fornece as condi¢des Controle 9
para o transdutor funcionar.
A 4

- Scanner ou multiplexador: seleciona
instrumento a ser medido. Gravador de

_ . _ dados
- Conversor de sinal: condiciona o sinal para o
ADC.
- Gravador de dados: armazena as
informacdes.

L] L] Ve [l

- Sistema de controle: Gerencia todas as D|g |ta| ou Ana|0g|CO 7

atividades.
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Sinais, medidas, ruidos, . ..

Sistema genérico de aquisicao de dados experimentais

\
Grandeza > R Conversor
fisica a Transdutor |, Condicionadof g Scanner ou » de sinal
medir < T multiplexadot
A 4
Conversor
o ) o i » analdgico-
- Precisao: medida da reprodutibilidade dos valores Sistema de digitall
medidos Controle g9
- Sensibilidade: razéo entre o sinal de saida e a v
mudanca da variavel medida. - dor d
ravador de
- Resolucao: menor variagao no valor medido que a dados
instrumentacéo deteta.

- Acuracia: proximidade com que a instrumentacao
se aproxima do valor verdadeiro.

- Erro: diferenga entre o valor verdadeiro e o valor
medido.



Fisica Experimental VI — 4300314

Sinais, medidas, ruidos, . ..

Transdutores (+ condicionador de sinal)

A

(Tipo

TABLE 11-1 TYPES OF TRANSDUCERS

Condicdes fisicas e ambientais de trabalho

. Compatibilidade com outros equipamentos.

Electrical parameter and

class of transducer

Principle of operation and
nature of device

Typical
application

Resistance

Potentiometric device

Resistance strain gage

Pirani gage or hot-wire
meter

Resistance thermometer

Thermistor

Resistance hygrometer

Photoconductive cell

Passive Transducers (Externally Powered)

Positioning of the slider by an external
force varies the resistance in a potenti-
ometer or a bridge circuit.

Resistance of a wire or semiconductor is
changed by elongation or compression
due to externally applied stress.

Resistance of a heating element is varied
by convection cooling of a stream of

Re':i:unce of pure metal wire with a
large positive temperature coefficient
of resistance varies with temperature.

Resistance of certain metal oxides with
negative temperature coefficient of
resistance varies with temperature.

Resistance of a conductive strip changes

with moisture content.
Resistance of the cell as a circuit element
varies with incident light.

Pressure, displacement

Force, torque, displace-
ment

Gas flow, gas pressure

Temperature, radiant heat

Temperature

Relative humidity

Photosensitive relay
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TABLE 111 TYPES OF TRANSDUCERS (continued)

Electrical parameter and Principle of operation and " Typical
class of transducer nature of device application
Capacitance
Variable capacitance pres- Dist b two parallel plates is Displacement, pressure
sure gage varied by an externally applied force.
Capacitor microphone Sound pressure varies the capacitance Speech, music, noise
between a fixed plate and a movable
diaphragm.
Dielectric gage Variation in i by changes in Liquid level, thickness
the dielectric.
Inductance
M: ic circuit d Self ind or | ind of Pr , displ
ac-excited coil is varied by changes in
the magnetic circuit.
Reluctance pickup Rel of the ic circuit is

Differential transformer

Eddy current gage ;
‘Magnetostriction gage

Voltage and current
Hall effect pickup

lonization chamber
Photoemissive cell

Photomultiplier tube

Th ple and th

e

Moving-coil generator

Piezoelectric pickup

Photovoltaic cell

varied by changing the position of the
iron core of a coil.

The differential voltage of two secondary
windings of a transformer is varied by
positioning the magnetic core through

- an externally applied force.

Inductance of a coil is varied by the
proximity of an eddy current plate.

. Magnetic properties are varied by pres-

sure and stress.

A potential difference is generated across
a icond: plate (ger ium)
when magnetic flux interacts with an
applied current.

Electron flow induced by ionization of
8as due to radioactive radiation.

Electron emission due to incident radia-
tion on photoemissive surface.

S d. ' due to

sitive

IS R 4

on

cathode.
Self-Generating Transducers (No External Power)

An emf is d across the ji

Pressure, displacement,
vibration, position

Pressure, force, displace-
ment, position
Displacement, thickness

Force, pressure, sound

Magnetic flux, current

Particle counting, radiation
Light and radiation

Light and radiation, photo-
sensitive relays

of two dissimilar metals or

T heat flow,

ductors when that junction is heated.

Motion of a coil in a magnetic field
generates a voltage.

An emf is generated when an external
force is applied to certain crystalline
materials, such as quartz.

A voltage is dina icond
tor junction device when radiant en-
ergy stimulates the cell.

Velocity, vibration

Sound, vibration, accelera-
tion, pressure changes

Light meter, solar cell
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Sinais, medidas, ruidos, . ..

Transdutores (+ condicionador de sinal)

(
Tipo

A

Condicdes fisicas e ambientais de trabalho

. Compatibilidade com outros equipamentos.

PR [ S

Sensor de deformacéo (Strain gauge)
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Fotomultiplicadora

Photocothode
(0 Volt)

Focus Ring

(at Cathode ™ ——_ | -

Potentiol)
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Sinais, medidas, ruidos, . ..

Extracdo do sinal, frente ao ruido:

Signal recovery from noise in
electronic instrumentation

T H Wilmshurst

Department of Electronics and Computer Science,
University of Southampton

Second Edition

Hilge

Adam Hilger
Bristol, Philadelphia and New York
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Sinais, medidas, ruidos, . ..
Extracdo do sinal, frente ao ruido:

Resistor
bridge
Balance
oc Va R Yo 5
supply ” 8
‘ ; T &
Amplifier Time
Chart
recorder
T g
Stressed mechanical T.=RC
component

Tn

| Ruido branto (aleatorio) e filtro passa-baixas:

|
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Integrador

'

S

R
Vin -A\NA—1= Vi
— +

Para sinal
senoidal:;

in
Vout oC

wRC;
Filtro passa-baixas

1Ay(H)]

Filtros

diferenciador

= :ﬁ:E{>- penests W

Para sinal
senoidal:;

Vout oC a)RCfVin

Filtro passa-altas

1Ay(NH

Aylfl

Aylfl

Aylfl
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Combinacao de filtros

Filtro passa-banda

1Ay (NI
(a)
0 | f
1Ay (N1
()]
0 fur ' f
1A,
(c)

0 L L f
Fig. 16-15 Ideal filter characteristics.

(a) Low-pass, (b) high-pass, and (c)
bandpass.

Filtro rejeita-banda

Low-pass

f

fou

(@)

Fig. 16-20 (a) Ideal band-reject-filter frequency response. (b) Parallel combina-
tion of low-pass and high-pass filters results in a band-reject filter.
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Sinais, medidas, ruidos, . ..

Outras perturbacoes:

Deriva (drift) e Deslocamento (offset)

\

Fontes de deslocamento: transdutor e amplificador

(ponte desbalanceada e correntes de fuga no
amplificador) que podem ser corrigidas.

Fonte principal de deriva: lentas mudancas na
temperatura

Deriva é proporcional ao tempo de medida (T,,)

Ruido 1/f

_/

Ruido branco tem um espectro que independe da

frequéncia.

Ruido 1/f € inwersamente proporcional a frequéncia

-
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Para Deriva (drift)
Média de Multiplas Medidas

(fazer cada experimento
rapidamente e repetir varias
vezes.

Detecédo Sincrona (phase-
sensitive detection)

(técnica AC a ser estudada
mais tarde)

Independe de T,
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Sinais, medidas, ruidos, . ..

Ruido branco

Ruido térmico, devido as correntes elétricas nas
resisténcias.

Ruido impulsivg (shot noise), devido ao carater
discreto dos portagores de carga
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Sinais, medidas, ruidos, . ..

Resposta do Filtro RC (g))

22 Semestre de 2017
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Sinais, medidas, ruidos, . ..

-t

YAS

Efeitode T, e T,
(um exemplo

experimental)

(a)

White - Chart
noise recorder
generator
./
Signal
step (f)
T. =200 ms
Tqy =100s
n r

T. = 200 ms
T, =1000s

(e)
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Sinais, medidas, ruidos, . ..
Filtro de primeira ordem

A

G

v, 2 7 ///////////,,, (6)
ey Tl P e

g

AT TN V. ... N .. V.., .
m # TG e N Nz (d)
4

(e)
10 T T T T T i
0 3 3 ___.«—Cutoff frequency
10 b BO01ABTITNG i —
g ol N Slope: 20 dBidecade ]
= 5 : i !
g 2 é -
40 | ; . LA LA LA Filter
50t ) 3 5T response
. Passband : Stopband | ] - L )
-60 ! L : L 1 b } T } T l pemoaclee g f
f, 2 3, by SR 6, T
?;\ 0 \ Vm._/\/\/\/sT Vo )
E: 230 r b T, f. =(2n7,)" v
g s
2 -60 Figure 4.1 Fourier analysis of a square wave (a) into sine wave
= components: (b) fundamental of frequency fj, (c) and (d) third and fifth
B 90 { I harmonics, respectively, with frequencies 3f, and 5f;, (¢) fundamental +
L L : L third harmonic, (f) with fifth harmonic added. (g) Square wave when
0.001 0.01 0.1 | 10 100 1000 filtered by low-pass filter (i). (k) Spectrum for square wave, showing

frequency response of low-pass filter giving the output waveform in (f).

Angular frequency (rad/s)
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Sinais, medidas, ruidos, . ..
Medida da deformacao em funcao '
da tensao mecanica aplicada (a) |
’ |
B a { {
g B4 £ |
o Amplifier 7 E Time = ! jL’ f
ol %li)lv}l;rpuss Esgg:der Tb —.‘ k‘— l
?;;eps:::nmechuniml i ! l
b
| ! |
R : & l |
i I |
- g v | : Baseline
P A : : | /offsef
i | = IE Vgl [ S v . e Sy, . . o =-
e i i
Wik S .
0 _’E. ;'_Tn r; 15y l Tsc 1
( | ~ .
M Subtragcao dalinha de base
st ol Tp>>Tes  Tensdo nuladurante T, para

definir alinha de base e
posteriormente subtrai-la.
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Sinais, medidas, ruidos, . ..

Media de Multiplas Medidas

/V1 v (a)

V3

b)

N o /\K‘ana
Amplifier ;]7_”_ Chart 4
7 recorder e
Filter \//

G = kT V2 o . .
Vi =K1, Necessario sincronizar o instante
inicial de cada repeticao.

Se nao for possivel alongar o Média de cada instante sobre as
experimento e aumentar a constante varias repeticoes das medidas.

de tempo T, - 1/2 - 1/2
v, =k(nT,)" V,cn
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Sinais, medidas, ruidos, ...
Media de Multiplas Medidas — Deriva

(devido a lentas variagcOes de temperatura, .

influenciando o ajuste de zero (offset) ) (a)

Stress

—_ —————— ——————— ———

\

3
r

|
e
|
|
|
|
|
|
|
i
|
—

-2
-
-—

/

Em geral, o periodo da deriva >>
tempo de varredura de uma medida. .

Portanto, pode se supor que a 5 _
deriva é aproxidamente constante. Subtracao dalinha de base
Tensao nula durante T, para definir

alinha de base e subtrai-la.
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Sinais, medidas, ruidos, . ..

Media de Multiplas Medidas — Deriva

reduz-se a deriva.

Reduzindo T,

SC?

Para manter o mesmo nivel de ruido,
repete-se n vezes a varredura.
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Sinais, medidas, ruidos, . ..

Media de Multiplas Medidas

Periodic
pulse
gen

(A)

(a)

Impact
transducer

-

/ Resistor

Vibrating
beam

Amplifier

7

Low-pass
Strain-gauge filter
ST
: I
I
h_TI‘GI: _ni T!

-
-
-
-
-

|
1
! |
LI

wi

sampling interval)

Analogue -to
-digital converter

()

(A) Pulse-generator
output

) (B) Strain-gauge
output

()

16xn;  ng=500 k

Timer | 7,

Computer Digital-to
-analogue
converter
(c)
|

(C) Oscilloscope
time base trigger

Time base

(D) y-input to
oscilloscope




Fisica Experimental VI — 4300314 22 Semestre de 2017
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Ruido 1/f

Ruido branco tem um espectro que independe da frequéncia.

Filtro espectral

4 i
oy | W V=72
1034 R YD U I P N —— — —b!:tAfn L o— o
Ifu
o T1-081 : Mean-square
1021 p detector
k h;
|
IN}U \ ' Vd - - - -
L / AN AN Ruido 1/f vem de defeitos superficiais.
N
White noise AN £ noi : .. :
N | Dispositivos semicondutores
| . frequentemente dependem de
1 o 00 00 10t 105 10° interfaces e superficies.

fo(Hz)
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Sinais, medidas, ruidos, . ..

Ruido 1/f

Ruido branco tem um espectro que independe da frequéncia.

Ruido 1/f vem de defeitos superficiais.

Dispositivos menores apresentam
mais ruido 1/f.

4

-

o
w
1

-
o
~
1

JFET MOSFET
-

-
o
1

Ruido 1/f independe de T,

Spectral density

—

1 T T : 1
1 10 102 103 104 10° 106
Frequency (Hz)
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Sinais, medidas, ruidos, ...
Ruido 1/f + ruido branco + deriva

102} Deriva aumenta com o
White nois tempo de medida (T,).

10 - Z =l ' :
g \ —— \p. Ruido 1/f independe do
AT . ' / tempo de medida (T).
S . .
@ 107! k i - 172
2 : vV, oocT,
- 10724 1 _(0)
-~ |

|
T T T T T T T —»
1077 102 10" 1 10 102 10° 10%

T (s)

Deriva e ruido branco podem ser minimizados por Média de Multiplas Medidas.

Ruido 1/f também pode ser minimizado por Média de Multiplas Medidas.
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Sinais, medidas, ruidos, ...
Ruido 1/f + ruido branco + deriva

Ruido 1/f € preponderante

“ = Deriva

W

T,=2000s
T, =10s
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Wikipedia:
An instrumentation (or Entrada diferencial

instrumentational) amplifier is a type of

differential amplifier that has been

outfitted with input buffers, which V
eliminate the need for input impedance *
matching and thus make the amplifier _
particularly suitable for use in T
measurement and test equipment. %Rl

Additional characteristics include very

low DC offset, low drift, low noise, very - %Rgain :]>-—-Vm
high open-loop gain, very high "

common-mode rejection ratio, and very
high input impedances. Instrumentation %R
amplifiers are used where great !

accuracy and stability of the circuit both

short- and long-term are required. V. JE:A ﬂﬁ? L
V. —
V+—V_:Rg-lg g+2R1 ~
V.-V =(R, +2R)-I, V.-Vo=(Fo— R, )- (V. -V0) Vi 1+ ZR) R,
. mV, -V R,
A .
2V, -V
R, vV, -V))



http://en.wikipedia.org/wiki/Differential_amplifier
http://en.wikipedia.org/w/index.php?title=Test_equipment&action=edit&redlink=1
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Drift
http://en.wikipedia.org/wiki/Noise_(physics)
http://en.wikipedia.org/wiki/Open-loop_gain
http://en.wikipedia.org/wiki/Open-loop_gain
http://en.wikipedia.org/wiki/Open-loop_gain
http://en.wikipedia.org/wiki/Common-mode_rejection_ratio
http://en.wikipedia.org/wiki/Common-mode_rejection_ratio
http://en.wikipedia.org/wiki/Common-mode_rejection_ratio
http://en.wikipedia.org/wiki/Input_impedance
http://en.wikipedia.org/wiki/Accuracy
http://en.wikipedia.org/wiki/BIBO_stability
http://en.wikipedia.org/wiki/Electrical_network
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Alguns usos de Amplificadores Operacionais

Idealmente: (A=~ , i=0)
. _ Amplificador de diferenca
Amplificador nao inversor
Ry
a, FIN)
1—MWA—
Rl —Vout
Va
Ry
V. =V, R, =V_
R +R,
Vl _V+ =V+ _Vout
R
e=—(V,-V)~0 o R z
Vin :VB — _2 .
R s Vout o (1+ ) Vin R2
Vo =Vau (1+§2) R1 Vou ==V, =V))
. R,
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Entrada diferencial

out  __ 2R1 .
_—(1+ ) -

TP1
CLS
INP R34 Y} L}
= AA— F
; K l l‘ R40 pag °P _
D16 10k 100k
D15
23 1N914 o
D19
1N4007
INZERO '
= ks
G=5 R35 1000
== G=50 882

D17
D18
g 1INS14 1N914
INM R33
= AN ‘ .

u7B
LF353H




