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Dispositivos analdgicos de medicdao de corrente elétrica

L ~_——k

Conductor

Figure 6.1 Current-carrying conductor
Magnetic field % in a magnetic field.

\é;;(\ Current vectors
(®, in: ®, out)
T,

Figure 6.2 Forces and resulting
torque on a current loop in a
magnetic field.
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Dispositivos analdgicos de medicdao de corrente elétrica

Pointer

Restoring
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Full
scale

oil assembly

bearings
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Permanent
magnet Figure 6.3 Basic D’ Arsonval meter

movement.

Dispositivos analdgicos de medicao de tensao elétrica

D'Arsonval meter
movement

Resistor for
range selection

INPUL O e

dc voltage Figure 6.6 A dc voltmeter circuit.

D'Arsonval
meter movement

m

Shunt resistors
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Range
switch \LR3
Figure 6.4 Simple multirange ammeter (with
2 P! 2
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 tensao elétrica

Osciloscopio

electron beam

electron source (cathode) © _— phosphor layer

horizontal
deflection (x)

vertical O
deflection (y)

Entrada de disparo - trigger

P

E Vertical
1 circuitry Display CRT
section
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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Instrumentos de Medida

Dispositivos analdgicos de medicao de resisténcia elétrica

Circuit for a simple series ohmmeter

Resistor
M\ &/v—

Zero
control
IH
Rl R2 B —_—
Un_known D ’[\nri?gp’al ( )
resistance movement
.J_ Range
dc voltage select
supply (battery) 1
Iilily
1
dc voltage Zero adjust
supply
|
i1 |
AN || I Figure 6.13 Basic Wheatstone bridge circuit
R E; (G, galvanometer).
1
Range select 7* W\,
A
A\
R,
T
./
D'Arsonval
meter movement
Unknown Figure 6.12 Multirange
resistance ohmmeter circuits.
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Dispositivos analdgicos de medicao de tensao elétrica

Osciloscdpio

electron beam

electron source (cathode) O _— phosphor layer

z—zﬂ’

vertical horizontal
deflection (y) deflection (x)

P

E Vertical
1 circuitry Display CRT
section
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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Instrumentos de Medida

Analisador de espectro Medida de V, Vrms, P
Casamento de impedancia
pa— E » . 2;?:}5;?393’ Iélnha :Ie ’:jransr?lssa.o
VCF amplitude Spe(.: rode pO encia ]
detector . Densidade espectral de poténcia
~1~

ramp generator

Contador, frequencimetro, cronbmetro

counts/frequency switch

— " O,

counter

vio o

comparator
(or Schmitt-trigger)

“"C
electronic
switch

oscillator adjustable
frequency divider
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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

Classificacao de instrumentos de medicao

Ativo x Passivo

Anulagao x Deflexao
Analdgico x Digital
Indicadores x Sinal de saida
Autonomos x embarcados
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Condicionamento de Sinais

Input could be a temperature, Cutput could be a solenoid,
pressure, air flow, linsar heater, motor, coaler, ete.

mation, rotation, ete.

~ ANALQGTQDIGIOAL — = < DIGTALIQ-ANALOG — =
1 | I
Sensing Conditioning Converting Diaital Converting Conditioning Transducing
INPUT the ' the |1 the || sytem |w| e ! the || the OUTPUT
signal signal T_ signal — Processin signal — signal I signal to
| |Analog-to-Digital \ d / Digital-to-Analog | | useful output
o i Digital Signals o i
This signal will This signal will
be an electrical be an electrical
signal — either signal — either
a voltage or a current. a voltage or a current.

*Adequacdo dos sinais de entrada a grandezas e faixas de valores de
grandezas aceitdveis para a entrada do conversor AD

*Proporcionar amplificacéo do sinal de saida do conversor DA de modo a
permitir o acionamento de dispositivos de atuacgéo
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Offsat
null —1 8 —1L ____NC
(bias)
Inverting input E., #—— Inverting
Noni g.fp 2 E, input — ]2 7
onimverting Output
input (4 E.® i
Noninvertin
.3_ ._L inpugt E— 3 6 — Output
{a) Circuit represantation
Offset
de” —4 5 — null
(bias)
(&) 8-pin mini-dip Type 741
- = - odt
7
E;z
Noninverting e— 4.5k
input (+) (3) AR
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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

Vo

I

nonimnverting input

Ganho de malha aberta muito alto - A

Alta razdo de rejeicdo de modo comum — CMRR
Alta impeddncia de entrada

Baixa impeddncia de saida
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Configuragoes simples

Amplif. Inversor Amplif. Ndo-Inversor

j*;—
i —
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Amplif. de Diferenca Diferenciador

vIN4
1] o
¥y
. Vaur
Vi
Al
A4
2205
Fi1 + A2y FAs =F: d
v =(—}—v =y Vaur = —R1GT = [V,
BT \Ra+ A4/ AT f AT T a (Vin)

opEaz211

fi
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_ 1 _ 1
2mR1C1T  2wR2C2

fe = fh = fu-"h. pain
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Vout = Iy R
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Amplif. p/ Célula Fotocondutora e fotovoltaica Fonte de Corrente

m
Vaur IN3456

Mational Semiconductor

An Applications Guide for Anplcation Noto 20
Op Amps February 1969
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_r ANALOG Low Noise, Precision
Caracteristicas Impor tantes ( EXEITIp/O de CCISO) DDEVICES Operational Amplifier

| 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 Instrumentagdo

Input | © + R Rs

Gain set

—O Output

[ [
=
ot

Gain set R,

Input 20—+ R

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

(c) Bandpass filter
Figure 6.27 Ideal filter characteristics.

MO

Passband

A

Stopband

0—
I

(b) High-pass filter

M(H\
Passband Passband
1 7 N/
/Stopband
0
for Ioy

(d) Notch filter
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Filtros
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Filtros

o AN ? *
R l
E® E,(®)

S Figure 6.29 Low-pass RC Butterworth filter circuit.
2 T T \\lllll T T |\||||| T T ||||H| T | 57 P R R
1 Passband
- Transition band 3 1 1@
- - | ] L e e | 3
’ ! ] !
; | A | Lo
|= | 2 ] 20 x k dB/decade g
) ! Roll-off mn L 1 £
01F | slope | ! 10§
TF | ] |
_ | N |
C | ] |
L | i }
- | - }h:s 4\3 \2 1
L | 4 0.01 | ! —40
| 0.01 0.1 1 10 100
0.01 Lol L1 lIIII! Lol R Figlll‘e 6.28 MagniIUde ratio f/t
0.1 1 10 100 for a Iow-pass Butterworth Figure 6.31 Magnitude ch istics for B rth low-pass filters of various stages.

Flf filter.
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Filtros
z R,
= R,
;—I:I—Ej_ﬂ Ce G W
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Respostas em frequéncia afetam amplitude e fase
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Butterworth, Bessel, Chebyshev

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

—0 vn: 7

I

Amplifier

S
=
R,

Negative feedback circuit
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Filtros

Single-pole FIGURE 15-7

low-pass circuit

First-order (one-pole) low-pass

filter.
\ |} ¢
el
Ry
[ [
RC RC RC
V., o0— = + T +
= circuit circuit circuit
. Vznzl

% | ‘

The number of filter poles can be increased by cascading.

AWM —s -

FIGURE 15-8
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Filtros

Filtro PB Sallen-Key

1

2rvV RARBCACE

Two-pole low-pass circuit

|
C
Ry Rp 8

Cp

o
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Filtros

Filtros em cascata

2 poles | pole

(a) Third-order configuration

2 poles 2 poles

(b) Fourth-order configuration
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Filtros PA

Gain (dB)
0 S
Bf—m—m e -
i
I
i
\;‘\“ [}
g I
= 1
Ny 1
|
[}
!
20 5 f
1
(b)
FIGURE 15-13
Single-pole active high-pass filter and response curve.
FIGURE 15-15 Two-pole high-pass circuit
Basic Sallen-Key high-pass filter. Ry
b {
Ca Cp
‘vm O_|
/
RB y—o V ul
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Filtros

SEVENTH EDITION

ELECTRONIC
DEVICES
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Prent,ice »
Hall

Pearson Education
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Aquisigdo de Sinais de Vdrios Sensores

L.
oy

microcomputer
system

AD-

converter l

microcomputer
system

sample hold
device converter
switch
sample hold /' ol
device converter
: digital multiplexer
L]
®) .
sensor 1 >
sample hold N
sensor 2 /I o device
switch
-
. analogue multiplexer
-
(@ ,

ANALOG
DEVICES

LC2MOS Precision
Mini-DIP Analog Switch

ADG419

FEATURES

44 V Supply Maximum Ratings
Vss to Vpp Analog Signal Range
Low On Resistance (< 35 Q)

FUNCTIONAL BLOCK DIAGRAM

Ultralow Power Dissipation (< 35 pW)
Fast Transition Time (160 ns max)
Break-Before-Make Switching Action

Plug-In Replacement for DG419 ADG419

APPLICATIONS

SWITCH SHOWN FOR A

Precision Test Equipment
Precision Instrumentation
Battery Powered Systems

Sample Hol

d Systems

LOGIC "1" INPUT
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Demodulacao Sincrona

Sinais muito pequenos
Modulagdo injetada no sistema
Demodulagdo sensivel a fase do sinal medido

Processo
Demod. Sinc.
MIXER (F.5.D.)
X A AB X COUTPUT
oD% X0

INPUT BANDPASS
AMPLIFIER FILTER

LOW PASS OQUTPUT
FILTER AMPLIFIER

PHASE SHIFTER

REFERENCE
INPUT O

REFERENCE
TRIGGER
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SIGNAL MONITOR Aﬁ;ﬁgﬁ
it DUTPUT
DEMODULATOR
% % (PSD) AMPLIFIER
_ A |_ oY —l__\_l_ TR A AB | r\\
'SIGMAL + !
INPUT g } ’ % Ve O
LINFElLI‘_wl!CE}ECH MAIN 5 LowPASS Sl
FILTER et O—L_
. A Ong up L L Dia O AUX
CURRENT TO QUADRATURE | INPUTS ﬁ
VOLTAGE DEMCDULATCR ¢
CONVERTER (PSD) : RO | L ors ]
: REFERENCE % I\ ------------------------------ —0
INPUTS PHASE SHIFTER I/ |
'TTLREFIN. O— . B LOWPASS OUTPUT
'REF IN O—o 400 FILTER AMPLIFIER

REFERENCE PHASE THIS SECTION FITTED IN DUAL-PHASE
TRIGGER SHIFT INSTRUMENTS ONLY
INTERNAL
OSCILLATOR
IEEE-GPIB
O 83? MICROPROCESSOR CONTROL
RS222
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