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Dispositivos analdgicos de medicao de corrente elétrica
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Figure 6.1 Current-carrying conductor
Magnetic field % in a magnetic field.
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Figure 6.2 Forces and resulting
torque on a current loop in a
magnetic field.
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Dispositivos analdgicos de medicao de corrente elétrica
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Figure 6.3 Basic D’ Arsonval meter
movement.
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Dispositivos analdgicos de medicao de tensao elétrica
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Figure 6.6 A dc voltmeter circuit.
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Figure 6.4 Simple multirange ammeter (with
Current make-before-break selector switch). Shunt resistors
input determine meter range.
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Figure 6.9 Voltage divider circuit.
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Exemplo de medida de um valor de resisténcia
Ligacao a jusante e a montante
Método de quatro fios
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Dispositivos analdgicos de medicao de tenséo elétrica

Osciloscopio
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Trigger Horizontal . . . .
L circgugitry ™1 circuitry Figure 6.7 Schematic of basic
cathod-ray tube oscilloscope.
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Figure 6.8 (a) Digital oscilloscope. (Photograph courtesy of Tektronix, Inc.) (b) Oscilloscope
ountput. (Photograph courtesy of Hewlett-Packard Company.)
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Dispositivos analdgicos de medicao de resisténcia elétrica

Circuit for a simple series ohmmeter
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AN || I Figure 6.13 Basic Wheatstone bridge circuit
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Unknown Figure 6.12 Multirange
resistance ohmmeter circuits.
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Dispositivos analdgicos de medicao de tenséo elétrica
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Figure 6.8 (a) Digital oscilloscope. (Photograph courtesy of Tektronix, Inc.) (b) Oscilloscope
ountput. (Photograph courtesy of Hewlett-Packard Company.)
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Instrumentos de Medida

Analisador de espectro Medida de VVrms P
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Instrumentos de Medida

Erros de carregamento

Figure 6.15 Instruments in parallel to signal path form
an equivalent voltage dividing circuit.

Impedancia de entrada de osciloscopios
Impedancia de entrada em analisadores de espectro
Resisténcia interna de voltimetros

Classificacdo de instrumentos de medicéo

Ativo X Passivo

Anulacao x Deflexao
Analdgico x Digital
Indicadores x Sinal de saida
Autbnomos x embarcados
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Input could be a temperature,
pressure, air flow, linsar
motion, rotation, ete.

~— ANALQG-TQ-DIGITAL —— >

< DIGITALTQ-ANALOG — >

Cutput could be a solenoid,
heater, motor, coaler, ete.

. I —— _ : I —— .
INPUT Sensing I Conditioning I Converting Digital Converting I Conditioning I Transducing
the the the the the the
—_— . . . System . ; - .
signal signal T_ signal — Processing signal — signal I signal to
| |Analog-to-Digital Digital-to-Analog | | useful output
o i Digital Signals o i
This signal will This signal will

A\dequacéio dos sinais de entrada a grandezas e faixas de valores de

be an electrical
signal — either

a voltage or a current.

be an electrical
signal — either

a voltage or a current.

grandezas aceitaveis para a entrada do conversor AD

QUTPUT
—

Aroporcionar amplificacéo do sinal de saida do conversor DA de modo a
permitir o acionamento de dispositivos de atuacao
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Figure 6.19 Opemtional amplifier.

(e) Type 741 circuit diagram
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OPAMP

inverting input

ly. |z = Input currents
Vp = Differential input voltage
Z iy = Input impedance

Vio = Input offset voltage

Ayp = Open-loop differential voltage gain
Lo = Output impedance

Vo = Output voltage

v

I

nonimnverting input

Ganho de malha aberta muito altA

Alta razao de rejeicao de modo comgqr@MRR
Alta impedancia de entrada

Baixa impedancia de saida
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Configuracdes simples

Amplif Inversor Amplif NacInversor
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Diferenciador

Amplif de Diferenca
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Amplif p/ CelulaFotocondutorae fotovoltaica Fontede Corrente

a1
Vaur IN3456

Mational Semiconductor

An Applications Guide for Anplcation Noto 20
'Op Amps February 1969
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Low Noise, Precision

;- ANALOG
Caracteristicas Importantes (Exemplo de casP DEVICES Operational Ampliﬁ_erl
0P-27

ABSOLUTE MAXIMUM RATINGS (Note 4)
Supply Volage ... s, 222V

Input Voltage (Note 1) ............ =22V ELECTRICAL CHARACTERISTICS at Vig = +15V, Tp = 25°C, unless otherwisa noted.
Output Short-Circuit Duration .......c.cceeereveeneerniniennrens Indefinite

. . OP-2TA/E OP-27B/F OP-27C/G
Differential Input Voltage (Note 2) ................ e 207V PARAMETER  SYMBOL CONDITIONS MIN  TYP  MAX MINTYP  MAX MIN  TYP  MAX  UNITS
Differential Input Current (Note 2) ......ccvevveiiieiereiesenes. 225mMA Input Offeet Voltags Vg (Moto 1) - 10 25 - 20 &0 - 0 00 W
Storage TemperatureRange ........................ —65°C to +150°C - T - o - o

9 . P . 9 L;‘";:"Em Vos Vos/Time (Notes 2. 3) - 02 10 - 03 15 - 04 20 WMo
Operating Temperature Range
Input Offset Gurrent | — 7 3o - 9 50 - 12 75 A
OP-27A, OP-27B, OP-27C (J, Z, RC)........ =55°C to +125°C I"Pu " : S - I“ " " " - " " "A
it Bias Current -_— *1 * -_ = £ - + * n
OP-27E, OP-27F (4, Z) .eoerreerrcererereresnsenenenes —25°C to +85°C i = - -
' , 2) o o ) 01Hz to 10Hz
OP-27E, OP-27F (P) ereveveresescsrremees s meeemsne 0°C 10 +70°C I Noise Voo sngp - om  ow - 0% o - 0w 0m er
0, o,
CP'ZYG (P, S. J. Z) Brmimrssssmsssrssssssmsssnsnsssannnann '_40 G to +85 c gt Noise 1p = 10Hz (Note 3) — 35 55 - 3.5 58 - 38 8.0
Lead Temperature Range (Soldering, 60 sec) .............. 300°C Voliage Denslty % fo = 30Hz (Note 3) - A 43 - a1 a8 - 33 as vz
" fo= N - 30 3.8 - 5.0 a8 - 32 5
Junction Temperature ...............cccoeveuenenen... —=65°C ta +150°C 0 = 1000 Mol ) £
Input Noise fo=10Hz (Notes 3,6) - 17 40 - 17 a0 — 17 _
) in fo = 30Hz {Notes 3, 8) - 10 23 - 10 23 - 10 — pAHE
PACKAGE TYPE 9}! {Note 3) Bie UNITS Current Dansity o~ 1000Mz (Notes 3, 8 - 04 oo B 04 og B o4 o
TO-93(J) 150 18 cw "'Dpl;‘::’za':'ilf_"mfd: Rin (hote 7) 13 6 - 084 5 - o7 4 - M0
8-Pin Hermetic DIP (Z) 148 16 “C/w
- Input Resistance
8-Pin Plastic DIP (P) 103 43 cW o tdy | Finow - s - - - - 2 - an
20-Contact LCC (RC) 28 38 T Input Voltage Range  IVR 110 =123 — +#10 123 — +10  +123 - v
8-Pin S0 (§) 158 43 “CwW Gommen-Mad CMRR  Vgy=+11v a1z - 05 123 - 100 120 - @B
Rejection Ratio M=
NOTES: Powar Supply . ;
1. For supply voltages less than £22V, the absolute maximum input voltage is Rejoction Ratio P3RA Vg =14V io 18V = 1 0 - 10 - 2 20 VN
aqual to the supply voltage.
2. The OP-27's inputs are protected by back-1o-back diodes. Gurrent limiting Large-Signal Avo Rz 2k, Vo =10V 1000 1800 - 000 1600 - 700 1500 P

resistors are notused in order 1o achieve low noise. If differential input voltage Voltage Gain R =8001), Vg = +10V B0O 1500 — 800 1500 = 500 1500

exceeds £0.7V, the input current should be limited to 25mA. N _ _ _

3. @, is spacified for worst case mounting conditions, i.e.. 8,, is specified for O:"_)UI Voltage Vo ;' :2:‘?‘} f:zg i:?z f:z'g iﬁz _ :‘;2 iﬁ: v

divice in socket for TO, CerDIP, P-DIP, and LCC package&’;‘a, als specified wing Lz =e0 =T - = g B e R

for device soldered to printed circuit board for SO package. Slew Rate SR R_ =2kt (Note 4) 17 28 - 1.7 2.8 - 17 28 - Vips
4. Absolute maximum ratings apply to both DICE and packaged parts, unless

otherwise noted.

BAL 8
sALT Tve ELECTRICAL CHARACTERISTICS at Vg =+15V, T, = 25°C, unless otherwise noted. (Continued)
-2 60Ut OP-2TA/E OP-27B/F OP-27C/G
o\ A PARAMETER SYMBOL CONDITIONS MIN  TYP  MAX MIN  TYP  MAX MIN  TYP MAX  UNITS
: 8-PIN HERMETIC DIP - - - ‘ P 0 o o
4V-(chse) (Z-Suffix) Gain Bandwidth Prod. GBW ‘Note 4} 5.0 8.0 - . X - i . - z
TO-99 .
(J-Suffix) R A o #4 Ro Vo=0lg=0 - - - - - - @
(P-Suffix)
8-PINSO Power Gonsumption Py Vo — 20 o - 80 140 - 100 170 mw
(S-Suffix
¢ ) Qtfsat Adjustment Rp = 10k1) — 440 - —  +40 - - +ap - myv

Range

OP-27BRC/883
LCC PACKAGE
(RC-Suffix)
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Amplificador de Instrumentacao

Input | © +
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Gain set

—O Output
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Gain set
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Input 20—+

Alta impedancia de entrada
Rejeicao de modo comum
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Filtros
M\
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1 / \
Stopband
"y,
0 -
f. f
(a) Low-pass filter
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Stop- Stop-
band band
0 T V"
fer i f

(c) Bandpass filter
Figure 6.27 Ideal filter characteristics.
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(b) High-pass filter
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(d) Notch filter
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Filtros

| Hw)| A
"™ 1
+ \/ Ideal
Passabaixa C == (1) 070717 <ua1
0w o
c |H((u]| t Ideal
I L
[l
Passaalta ; o707 | /(_
s g Tfn.(?) Actual
0 e 5
C | H(w) | A
I i 1+ / ; L Ideal
0707 f---------F----1----1
Passabanda N i .
R AL !
0 wq ﬂia ) :I
Nﬂf\h | Z )| A
1 1
el C= * I [~
Rejeitabanda e Actal
L - = Ideal
0 @y "-‘I’o ) t‘;u

Eng. Mecanicai EESC - USP D. V. Magalhéaes



Filtros

SEMO0539 - Instrumentacao e Sistemas de Medidas

M)
0.1

0.01

J_ E,(#)

T T T T T T T T T T T

T T T TTTIT

Passband

B e e s o Transition band B

n | ]

B | ]

L | 4

L | 4

L | 4
} Roll-off

| | slope |

F | 3

C : ﬂ .

L | i

i | 4

L | =)
|

1 L l\l!lll 1 1111l 1 1 IIIlHl 1 | ica I B 3 )
0.1 1 10 100

f/fe

S Figure 6.29 Low-pass RC Butterworth filter circuit.
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Figure 6.28 Magnitude ratio 1t
for a low.pass Butterworth Figure 6.31 M for B rth low-pass filters of various stages.

filter.
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Filtros
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Butterworth, BesselChebyshev

A { FIGURE 15-5

Butterw orth
Bessel
Chebyshev

FIGURE 15-6

General diagram of an active filter.

Comparative plots of three types of

/\ /\ filter response characteristics.

Frequency-
V., 0— selective
RC circuit

'—O‘/n:l

I

Amplifier

S
% E
R,

Negative feedback circuit
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