«4) Part Electrical and Electronic Engineering Basis

Unit 4

Section A Operational Amplifiers

1. Introduction

Amplifiers are electronic devices used to produce output signals that are magnified copy of
small input signals. The ratio of an amplifier’s output signal to its input signal is referred to as gain.
An operational amplifier, commonly known as “op-amp” , is a DC-coupled high-gain
electronic voltage amplifier with differential inputs (we’ll discuss differential input later) and,
usually, a single output."! High input impedance at the input terminals (ideally infinite) and low
output impedance (ideally zero) are important typical characteristics. Originally, the term,
“Operational Amplifier, ” was used in the computing field to describe amplifiers that performed
various mathematical operations. It was found that the application of negative feedback
around a high gain DC amplifier would produce a circuit with a precise gain characteristic
that depended only on the feedback used.” By the proper selection of feedback components,
operational amplifier circuits could be used to add, subtract, average, integrate, and differentiate.
This gives rise to the name “Operational Amplifier” .

Typically, an operational amplifier has six terminals, as is shown in Fig. 4-A-1.
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Fig. 4-A-1 Symbol for an Op-amp and the names of its terminals.

The input denoted with a “+” is called the non-inverting terminal, the other input denoted with
a “—"is called the inverting terminal. There are generally two power terminals (sometimes only one)
called positive supply and negative supply respec-tively. Often, a ground terminal is necessary. And
there is also an output terminal. For simplicity, the power terminals and ground terminal could be
omitted, leaving an op-amp only its inputs and output (as is illustrated in Fig. 4-A-2).

Note that in application, an op-amp is often times pictured with the inverting input at the top
and the non-inverting input at the bottom (as is illustrated in Fig. 4-A-3). This makes the schematic
simpler but could cause confusion if not enough attention is paid.

> >

Fig. 4-A-2 Simpler version of an Op-amp symbol. Fig. 4-A-3  Another symbol for an Op-amp.
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The amplifier’s differential inputs consist of a V. (non-inverting) input and a V- (inverting)
input, and generally the op-amp amplifies only the difference in voltage between the two. This is
called the differential input voltage. If no other circuit is attached to the op-amp (i.e., there is no
feedback), then the amplifier is said to be in an open loop configuration, and its output is the
differential input voltage multiplied by the total gain of the amplifier. That is, for the open loop
operational amplifier,

Vour =V, =VO) Ay (4-A-1)
where V. is the voltage at the non-inverting terminal, V- is the voltage at the inverting terminal
and Aoy is the total open-loop gain of the amplifier.

Because the magnitude of the open-loop gain is typically very large, open-loop operation
results in op-amp saturation unless the differential input voltage is extremely small. Finley’s law
states that “When the inverting and non-inverting inputs of an op-amp are not equal, its output is
in saturation.” Additionally, the precise magnitude of this gain is not well controlled by the
manufacturing process, and so it is impractical to use an operational amplifier as a stand-alone
differential amplifier. Instead, op-amps are usually used in negative-feedback configurations.

2. Ideal Op-amps

There is no such thing as an ideal op-amp, but present day op-amps come so close to ideal
that Ideal Op-amp analysis approaches actual analysis. In addition, when working at low
frequencies, several kHz, the ideal op-amp analysis produces accurate answers. In this and the
following section, we will employ Ideal Op-amp analysis continuously to help you
understand the basic principles that help in digging into the properties of the real devices
and investigating circuits utilizing practical operational amplifiers later by yourself.””’

In order to introduce operational amplifier circuitry, we will use an ideal model of the
operational amplifier to simplify the mathematics involved in deriving gain expressions, etc., for
the circuits presented (as is illustrated in Fig. 4-A-4). Internally, an operational amplifier can be
modeled using resistors and a cont-rolled voltage source.

The controlled voltage source produces a scaled output o
proportional to the voltage across Rin. That is, the value of the
output voltage has nothing to do with the output load, which  o——

means the amplifier has zero output impedance. The input
impedance Rix is infinite, thus we assume no current flows into
the inputs. Fig. 4-A-4 Ideal Op-amp model.
Operational amplifiers are almost always used with negative feedback, in which part
of the op-amp output signal is returned to the input in opposition to the source signal./”
For an ideal op-amp, we assume that the open-loop gain Aor, approaches infinity, and then even a
very tiny differential input voltage results in a very large output voltage. In a negative-feedback
circuit, the feedback network returns a fraction of the output to the infinite gain, the differential
input voltage is driven to zero exactly (i.e. the non-inverting input has the same potential with the
inverting input). Recall that no current flows into the input terminals, we get
Vi=V_ (4-A-2)
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li=1-=0 (4-A-3)

These equations are the most fundamental ideal op-amp equations and will be used from
time to time in the section that followed.

To summarize, an ideal op-amp has the following attributes:

o Infinite input impedance

e Zero output impedance

o Infinite differential gain

e Zero offset voltage (which leads to V. =V-)

e Zero bias current (which leads to I, =1-=0)

There are also more attributes of an ideal op-amp such as infinite bandwidth and zero
gain for common-mode input.”! You may investigate these by referring to more in-depth books.

New Words

operational [,opao'reifonol] adj. 1IZ4MF), #HAEM
amplifier ['emplifaio] n. HKZE, § &
device [di'vais] n. 3E'E, W4, #F

magnify ['magnifai] vt. K, §7K

ratio [reifiou] n. @, b

gain [gein] n. #3F

couple ['’kapl] n. &, EH

differential [,difo'renf2l] n. ZZHH, T
impedance [im'pi:dens] n. FH$T

terminal ["to:minol] n. &k, i

ideally [ai'dioli] n. FEAHM:, 5335

infinite ['infinot] adj. JCF5M, JCBRI, K
characteristic [ kaerokto'ristik] n. %5, HFE
originally [o'rid3onoli] adv. f&#), JR5G
mathematical [, ma0i'matikol] adj. =M, KT
feedback ['fi:dbaek] n. A%, KN, [Al§%
component [kam'pounant] n. %4y, FEff, EH
integrate ['intigreit] Vt. 3e-ee- A4
differentiate [ difa'renfieit] vt. K-« [R5
denote [di'mout] Vt. ¥§78, KN

invert [in'va:t] vt {FEIE], 4L
respectively [ri'spektivli] adv. Z35Hh, &AMH
illustrate ['ilostreit] vt. PEfFE, 2545108
schematic [ski:maetik] n. JEFRE, R~E
confusion [kon'fju:3on] n. VBV, WRHEL

attach [o'taetS] vt. Bffin, fHEER

magnitude ['megnitju:d] n. HE, KN, BEH
saturation [,s&tfo'reifon] n. YA



Unit 4 * 45

manufacture [, manju'fektfa] vt. #fili&, L
configuration [kon, figju'reifon] n. 417

utilize [ju:tilaiz] vt. FJf, ffiH

derive [diraiv] vt. #EFRH, 5 H

proportional [prou'po:fonal] adj. EELBIR), 7
fraction ['freekfon] n. /N, HE, ¥
potential [pautenfal] n. HE, R

attribute [o'tribju:t] n. J@UE, S, JEME
bandwidth ['beendwid0] n. 7T

Phrases

Operational amplifier 1z 55K 2S
op-amp & G BNAR IR
differential inputs  Z 435I
negative feedback 171 [ 1t
non-inverting terminal /2 ] ¥
inverting terminal [ 7] i

positive supply  1FE% HLJH

negative supply 1 HHL I

open loop F¥fL

Ideal Op-amp analysis ~ FAEGZ il #ride
controlled voltage source 5734 Hi [ 5
output impedance %y BHAT

offset voltage %1 H [T

bias current i #% I

Notes

1. An operational amplifier, commonly known as “op-amp” , is a DC-coupled high-gain electronic
voltage amplifier with differential inputs (we’ll discuss differential input later) and, usually, a single
output.

IBHETIKA, WA B8, 2 MERAE I, s, AW ZESM AN (53
BB I H AN S PR S O -

2. It was found that the application of negative feedback around a high gain DC amplifier would
produce a circuit with a precise gain characteristic that depended only on the feedback used.

MNATVABIAE vt 18 i BSOSO J BB A7 S Bt mT LA™ A — Pl A RS B 1 s R PR P i, HLAZs
PECHAE T B AR S A5 R 2%

3. In this and the following section, we will employ Ideal Op-amp analysis continuously to help you
understand the basic principles that help in digging into the properties of the real devices later by
yourselves and investigating circuits utilizing practical operational amplifiers later by yourself.

FEAT SR T 1o, BATPRE A S48 Y BEAZ TR/ AR R A Bl i 2 B SRR 3, LU
B UG RENS H R SEPRas PRI, B A B 2R BENE 20 M7 1 1] S Brass TR FL
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4. Operational amplifiers are almost always used with negative feedback, in which part of the op-amp
output signal is returned to the input in opposition to the source signal.

BRI LTS 5 U B A« e Bt 38 IR0 43 i AR 5 a0 ] 380 4 A\ i
95 T Y T .

5. There are also more attributes of an ideal op-amp such as infinite bandwidth and zero gain for

common-mode input.

HRUSTOSATIRZ Jmbh, W A B JC PR A 98 A2 19 23

Exercises

[EX.1] Discussion.

1. Does the gain change if the frequency of the input signal changes?
2. What are the two power supplies’ role in op-amp?

3. Is ideal op-amp useful in practical analysis?

[EX.2] Translate the following passages into Chinese.

1. An amplifier with the general characteristics of very high voltage gain, very high input resistance,
and very low output resistance generally is referred to as an Op-Amp.

2. Power pins are often omitted from the schematic symbol when the power supply voltages are
explicit elsewhere in the schematic.

3. The operational amplifier can be represented by an ideal voltage source whose value depends on
the input voltage appearing across the inverting and non-inverting inputs plus the effects of finite input and
output impedances.

4. The simplified model of the differential output operational amplifier is an accurate approximation
only under special conditions of feedback.

5. The output impedance of the ideal operational amplifier is assumed to be zero. It then can supply
as much current as necessary to the load being driven.

6. The amplifier output will be zero when a zero signal appears between the inverting and
non-inverting inputs.

7. An important by-product of these properties of the ideal operational amplifier is that the summing
point, the inverting input, will conduct no current to the amplifier.

8. The gain of an ideal op-amp is assumed to be infinite, hence it drives the output voltage to any
value to satisfy the input conditions.

9. The ideal op-amp can drive any load without an output impedance dropping voltage across it.

10. An electrical signal applied at the amplifier input does not appear instantaneously at the amplifier
output; there is a finite 'propagation time' between input and output.

11. One problem with electronic devices corresponding to the generalized amplifiers is that the gains,
AU or Al, depend upon internal properties of two — port system (m, b, RI, Ro, et.al. ). This makes design

difficult since these parameters usually vary from device to device, as well as temperature.

[EX.3] Translate the following passages into English.
Lo JBOK &R A IS Z2 00 i N s A — A B g ) ) EL RS & 2R 2
2. BHEIBCRHS MBI R A, E RO ME 5.
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HI TR 2 TG BROK, — SRR 5 BRSO — MR S A

BT PFIEAA DS AR SRS .

T, ISR R e DS BB I S B

By N 14 v FEL O Y BT A2 T ) B M TR AL

R O S, VE 2 AR RS OB B S TR A AT L s AR e A R R

HE AR (1 i TRk 53 B R AR /R B AR th 22 100 2258 0c.

8. BURBCTE ™ e L PERE L LUK Sy SO R P, A7 L 5 m] DA Ay i 42 R 1T 5
4F B

9. IBFCNAR RS RBIAE L ARSI TSR 8 H R H 2 AN

10. A5 WL TR 32 O R A5 5 (0 /N 233 (Rl 21 e 1 A A s oK 2 it LU

RO OB PEOE T B s 5t

NS AW

[EX.4] Fill out the spaces after the record.

Amplifier are devices that produce_ 1 input signals. The 2 is the amplification ratio of the

output signal to its input signals. Operational amplifiers are often called_ 3 | they usually have__4 inputs.
An op-amp has_ 5 input impedance and_ 6 output impedance. An ideal op-amp has_ 7 input

impedance and__8 output impedance. In an ideal op-amp, we could assume that no__9 flows into the

input. Op-amps are often used with__10 _feedback.

Section B The Applications of Operational Amplifiers

Operational amplifiers are usually used with feedback loops where the output of the
amplifier would influence one of its inputs. In its most common use, the op-amp’s output
voltage is controlled by feeding a fraction of the output signal back to the inverting input,
which provides negative feedback to the amplifier.'"! In the following text, several typical
op-amp application circuits will be provided to show you how the op-amp functions with
feedback network.

1. The Non-inverting Op-amp

Non-inverting Op-amp is shown in Fig. 4-B-1.

The non-inverting op-amp has the input signal connected to its non-inverting input,
thus its input source sees infinite impedance.”! As we know, the negative input must be at the
same voltage as the positive input, i.e. V+ = V-= 0. The op-amp output drives current into R, until
the negative input is at the voltage, Vin. This action causes Vv to appear across Ri. The voltage
divider rule is used to calculate Vin; Vour is the input to the voltage divider, and Vi is the output
of the voltage divider. Since no current can flow into either op-amp lead, use of the voltage
divider rule is allowed. Eq. (4-B-1) is written with the aid of the voltage divider rule, and

algebraic manipulation yields Eq. (4-B-1) in the form of a gain parameter.
Rl
Vi =Vour RaR (4-B-1)

1 2
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A:VOUT _R+R :1+&

VI'N - RI Rl

(4-B-2)

When R, becomes zero or R; becomes very large with respect to R,, (R2/R;) —0. Then we
get the minimum gain magnitude, unity. The resulting circuit is called a voltage follower. Usually,
we choose R; to be an open circuit for a voltage follower.

Notice that the gain is only a function of the feedback and gain resistors; the feedback has
accomplished its function of making the gain independent of the op-amp parameters. The gain is
adjusted by varying the ratio of the resistors. The actual resistor values are determined by
the impedance levels that the designer wants to establish.”’ If R, = 10 kQ and R, = 10 kQ the
gain is two as shown in Eq. (4-B-2), and if R, = 100 kQ) and R; = 100 kQ) the gain is still two. The
impedance levels of 10 kQ or 100 kQ) determine the current drain, the effect of stray capacitance,
and a few other points. The impedance level does not set the gain; the ratio of R»/R; does.

2. The Inverting Op-amp
Inverting Op-amp is shown in Fig. 4-B-2.

Rl RZ RZ
J_—’V\/\' MW MV
e Rl
- Vin — W -
— Vour — Vour
—|* +
Fig. 4-B-1 Non-inverting Op-amp. Fig. 4-B-2 Inverting Op-amp (Inverter).

The non-inverting input of the inverting op-amp (inverter) circuit is grounded. One
assumption made is that the input offset voltage is zero, so the feedback keeps inverting the
input of the op-amp at a virtual ground (not actual ground but acting like ground).”* The
current flow in the input leads is assumed to be zero; hence the current flowing through R, equals
the current flowing through R,. Using Kirchoft’s law, we write Eq. (4-B-3); and the minus sign is
inserted because this is the inverting input. Algebraic manipulation gives Eq. (4-B-4).

V V
|| = N_—_| =__0uT (4-B-3)
1 R, 2 R,
V, R
A= our _ _ %2 R-
Vi R (4-B-4)

Notice that the gain is only a function of the feedback and gain resistors, so the feedback has
accomplished its function of making the gain independent of the op-amp parameters. The actual
resistor values are determined by the impedance levels that the designer wants to establish. If R, =
10 kQ and R; = 10 kQ the gain is minus one as shown in Eq.(4-B-5), and if R, = 100 kQQ and R, =
100 kO the gain is still minus one. The impedance levels of 10 kQ or 100 kQ determine the
current drain, the effect of stray capacitance, and a few other points.” The impedance level
does not set the gain; the ratio of R»/R; does.

One final note: the output signal is the input signal amplified and inverted. The circuit input
impedance is set by R; because the inverting input is held at a virtual ground.
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3. The Adder

An adder circuit can be made by connecting more inputs to the inverting op-amp (see
Fig. 4-B-3). The opposite end of the resistor connected to the

inverting input is held at virtual ground by the feedback; V,‘ R, '\/[X\,
therefore, adding new inputs does not affect the response of & R,
the existing inputs. Vs R, -
Superposition is used to calculate the output voltages ot
resulting from each input, and the output voltages are added 1
algebraically to obtain the total output voltage. Eq. (4-B-5) is )
. Fig. 4-B-3 Adder.
the output equation when V, and V, are grounded. Egs. (4-B-6)
and (4-B-7) are the other superposition equations, and the final result is given in Eq. (4-B-8).
R4
Vours = _R_V3 (4-B-5)
3
R
Vouri = _?4\/1 (4-B-6)
1
R4
Vourz = _R_Vz (4-B-7)
2
R R R
Vour =—| =V, + =2V, + =2V 4-B-8
ouT [Rl 1 R2 2 R3 3] ( )

New Words

loop [luzp] n. ¥, [HIE%

influence ['influons] vt. $S0H, 538

lead [li:d] n. 54k

algebraic [,eldai’breiik] adj. fXAL1
manipulation [mo, nipju’leifon] n. 4b¥, #E
yield [ji:ld] vt Hip7, AP

parameter [po'remits] Nn. S, S &
accomplish [o'’kamplif] vt SR, &3], ZZHL
adjust [o'd3ast] vt YL, A, KUk
assumption [o'sampfon] n. &, AR

virtual ['va:tfual] adj. FEf)

superposition [,sju:popa’zifon] n. HF, FE, S
calculate ['keelkjuleit] vt. #I-45, #p&

reject [ri'dsekt] vt ¥E4s, HCH, i

strip [strip] vt. 3, F&E

derivative [dirivotiv] n. §%, SH¥)

initially [i'nifoli] adv. ¥, 13k

integrator ['intigreita] n. FA4 2%

differentiator [,difa'renfieita] n. 8%, X0&
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Phrases

Non-inverting Op-amp [}z i}
stray capacitance 77 /f HL %%
Kirchoff’s law  JE/REE KEfH
voltage divider 73 JE8% CHEE)
voltage follower — Hi [ B 2%
gain resistor 3473 HFH
impedance level BHAT/K P
current drain I HLIA

stray capacitance 7345 HL 7K
Inverting Op-amp  J A3z il
virtual ground K

Notes

1. In its most common use, the op-amp’s output voltage is controlled by feeding a fraction of the
output signal back to the inverting input, which provides negative feedback to the amplifier.

AR WL 2o, Je RO 3B 234 A5 -5 B IR SR g A s ok 27 il 5 5, Xl
HERECT TBOR A I AU

2. The non-inverting op-amp has the input signal connected to its non-inverting input, thus its input
source sees an infinite impedance.

AR S AR TR A 5 5 AR SR AN sm AL, R M A\ S 2L BT T8 55 K

3. The gain is adjusted by varying the ratio of the resistors. The actual resistor values are determined
by the impedance levels that the designer wants to establish.

M I AR HEL LR LA T LA 3G R RN e SRS AR FBe vt 2 ARE S I B TR R PE Y o

4. One assumption made is that the input offset voltage is zero, so the feedback keeps inverting the
input of the op-amp at a virtual ground (not actual ground but acting like ground).

FAVE AN %, DA S AR 32 T8 N\ i S AT 95 JFRFELORRFAE — M OF AR
FLERIHL, (HIhfE S AT .

5. The impedance levels of 10 kQ or 100 kQ determine the current drain, the effect of stray

capacitance, and a few other points.

10 kQ 100 kQIFIFHHTAKT-2RAE T H 77 A f A 0ms ™ A 1R s FRLAUAT - L8 At A (K

Exercises

[EX.1] Discussion.

1. Could you construct an Average Op-amp using what we have learnt so far?
2. How did op-amp come to use?

3. Can op-amp do other operation other than add, subtract, average?

[EX.2] Translate the following passages into Chinese.
1. Op-amps may be used to separate or decouple one circuit from another.
2. A series of op-amp circuits may be cascaded together to modify an input signal without significant

attenuation.
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3. The non-inverting op-amp is also known as a voltage follower with gain, or simply voltage follower.

4. The inverting op-amp is also known simply as the inverter.

5. The differential input amplifier is also known as differential amplifier, or subtractor.

6. The feedback resistor is of particular importance if the op-amp selected is a current-feedback type.

7. Unity gain circuits are used as electrical buffers to isolate circuits or devices from one another and
prevent undesired interaction.

8. Today’s modern differential input amplifier is used as an inverting amplifier by grounding the
non-inverting input and applying the input signal to the inverting input terminal.

9. If a capacitor is used as the feedback element in the inverting amplifier, the result is an integrator.

10. In practical, an integrator often has a function switch. It operates as an integrator if it is switched
to INTEGRATE mode, while discharges the capacitor and operates as an inverter if it is switched to
RESET mode.

[EX.3] Translate the following passages into English.

1 BUESBORES P A S, BRSO -

2. BT T 2 A A RS HUR AR 5 s 5

3. (EMIFRALASTS, SR AN S ) P Sk R IR S B [RIAH e A\ i 0 LA, BIS 2 a \ di FA

4. i TIEXAPSBTEEANT EIE N, ITLVE RSSO S LA A S R BT

5. FESIBORES T, HAEAR PO A\ S A TR A — AR GRS 21—
FERFBEAED ,  LAdsls D e i % FRLR A R AN ] R s B AT 7 A AR N IR LT, 3 T LAY
o GNP
AE S AHIZ JB i A 5 e e I AR SO ANty DR AL N s 22 0 G BRBEL
DR A 22 73 B N TBOR A% FUBCRK AR 5 (22 70 870, Bt LU S iR 4 A5 5 iR 7).
FELUAE B s TR R 1 56 A BT i b Y B Bt WL LR BELAEL, - v A2 FH i T M %
A0S I AR E LA o

9. K AHEAEA SAHTBO G B A TTAE AT L A — Mo F s

10. 53— Az i SR A 200 1E St e A A5 A — 8 0 Ak 1] 2 Al BAT o A\ i o

[EX.4] Fill out the spaces after the record.

Op-amps are often used with__1 loops. A negative feedback is one that feeds a fraction of 2 signal
back to the_ 3 input. In a non-inverting op-amp, the input signal is connected to the_ 4 input. When
the resistor between the non-inverting input and output is zero, the op-amp becomes a voltage 5
_ 6 feedback doesn’t require a differential input, thus is used quite often. An inverter has its__7 _input
connected to the ground. An adder has more input connected to its_ 8 input. In an adder, current in the
feedback loop is the algebraic_ 9 of the current due to each input. When the output signal is connected

to the non-inverting input, it’s called _ 10 feedback.

Section C T REBE WA, AFS. ZiRBIENEFE

1. BASEPRE REhiREsE
Ty o P A A B A T o AR kSR, MBS R I8, HRSOEER
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Fony VAR, 800 MBUA . R &, fel, b TOMERE, JATHTXLeE H
Bl DRI NS ZE ok, AR 2%

(D FH. AR N

use, make use of, employ, exploit, utilize, apply to

(2) Hpe M. BdE

form, make up, compose, constitute, include, comprise, consist of, incorporate

(3) 58 5e4h. 5B

complete, accomplish, fulfill, finish, be ready, end, be over, finish, complete a project, finish doing
sth., get through

(4) KW, Ui, R, EH, UESE

show, indicate, denote, signify, explain, illustrate, interpret, express, demonstrate, represent, prove,
confirm, verify, support

(5) . Kk

examine, test, inspect, judge

(6) $RH . F. il

put forward, suggest/propose a theory that ..., advance, formulate, propose, suggest, move,
recommend

(7 4%, 53], g

win, acclaim, earn, achieve, acquire, get, obtain, gain, reach, draw, form, make a conclusion, come to
a conclusion, arrive at a conclusion, conclude

(&) A Koy Xa

divide, fall into, differentiate, determine, classify, distinguish

(9 B, R BRElL BRT

confine, limit, restrict

(100 B, 5. R, 5T, 40

calculate, compute, convert, count

(1D KW, KL 6lig. €)or

invent, develop, find, discover, create, make, found, establish

(12) fiftke, ik, ik, Wik

explain, interpret, describe, expound, elaborate, set forth, make an exposition of

(13) %&. AN

consider, deem, hold, maintain, take ... into account, think

(14) A&, HA

change, alter, vary, transform, convert

(15) §KR. K

extend, expand, enlarge

(16D P/ P> 4k

reduce, contract, decrease, cut, shorten

QPN v=NELWN

replace, substitute for, take the place of, instead, substitute, insert, put
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PAEFTAI2E R, R b il o i B “ it Shin]. SR eI, Xk deis
MBS SRR B o S5 —Jii, SeSChEhia A PTE “a&7 KA, KRR B b e TE S iR
BHPEIN F R Ry o AL, SR TS AT kS 3 R A T 2 L& K 5 T

2. B EED AR SHEIE

(1) Bl A& R

P MPEAEIR Z DL T N2, W5 BB IFAS— 20 RIS 5 AN F 4 s PE 1.
EREEANIRIE NS AR A O 800, 1 S5 A) 720 i 8k R R REA—
B SERRDUN, OO TR A DORIRIE M, T RTINS . BB R b WL N A5
BATUNE J U

© ST BERAE A DOE PRI« BEAT I 8ol £

The cancer reverses completely thanks to early treatment.

NG RAEZ ] BLYE A K. CREKIND

The electronic computers play an important part in science and technology.

WL TSN LAE R A MRS T A A . GREATIND

These substances further speed up the decay process.

b g T AR . G )

@ BB A R REAT I T DU KK

Knowing severe winter is coming would enable squirrel to store plenty of food.

(SERUPSITRES FENIIT - PN b= g7/ R

@ BEABEE A IR 76 N B DR K 20

The sales of industrial electronic products have multiplied five times.

TV S A SRS TS 1

(2) AERRE ML R

VST T AR AR e gl (RIZ3a . AN XRIEh 44D 7E0) 7 scE SRy .
I IESE E— BT A VRIS R o ZEDI SRR, SN & T AT RTE S SRR e T g 25
PR B S AR A 4 PGB S, D SN B S T 1] R G A o

@© PUHBAT B VSl ] R B E Vs 7 2K

FEREVESD AR 2 T DOEF zhia, T B3 S FERAUESRE . DOE RO,
DN T RIS E MRS S, Sk W W AN e . Bl

o MR IATE P A I Y 1]

cycling (JEIHARLL), seeding (5]5EFAR), tunneling GEIERY ), modulated voltage ( i1
CENETY)

eSS

Heated, water will change to vapor.

WK, B IIK Ao

o EMuhnin, TEAED

Heat from the sun stirs up the atmosphere, generating winds.
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Momentum is defined as the product of the velocity and a quantity of the body.

BRI SOE TR R R R KRR . CRe 4 i)

In this and the following sections, we will employ Ideal Op Amp analysis continuously to help you
understand the basic principles and dig into the properties of the real devices later by yourselves and
finally investigate circuits utilizing practical operational amplifiers.
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Other questions will be discussed briefly.

A e S 5 £ LA 18

In its most common use, the op-amp’s output voltage is controlled by feeding a fraction of the output
signal back to the inverting input, which provides negative feedback to the amplifier.

FEfH WHIN ] 2 o & TR0 DR — R 2 A5 5 S IE R SRy A\ sk 22 e 55 Xl
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Nuclear power’s danger to health, safety, and even life itself can be summed up in one word:
radiation.
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It could be argued that the radio performs this service as well, but on television everything is much

more living, much more real.
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It was found that the application of negative feedback around a high gain DC amplifier would
produce a circuit with a precise gain characteristic that depended only on the feedback used.
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The gain is adjusted by varying the ratio of the resistors. The actual resistor values are determined by
the impedance levels that the designer wants to establish.

A i S P REL PR LA T AR 1S 2 (RO /N e SERRIRIBEAF 2 B vt AR B S B UK TR UUE I o

Ak, RIS T DO i X T BR

It is asserted that --- 4 A E5k------

It is believed that --- 45 AIAKy-=+---

It is generally considered that -+ KZ (—&AD A Kgeeee

It is well known that === KZKHIE (ARFTEHN) <oeeer
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It will be said -+ ALs{hee--+

It was told that --- H ALl

@ ¥ IETHIE LA by, in. for SHHLRTE B BE BRSO 3, EULISIL R, UEE
SO AT B R T .

A right kind of fuel is needed for an atomic reactor.

J5 5 B MR B R G AR

By the end of the war, 800 people had been saved by the organization, but at a cost of 200 Belgian

and French lives.
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amplifier JRK3E, ¥ &8%; loop FK, [H[#%; parameter S, S&; register Af7ay;

pin  S|J¥; semiconductor F5{A; simulator ILZE; module AHbR
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FERHEARE S, LR RS ERERA AR CRIEINEERD, Hp RS = iERoR
FPILFIEAR: 3BT LERE S HRORFY R Sl A ) — A R B o X R, FHIE
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T-coupling =i#F:3k; V-bridge V \HMfF; zigzagline #HEiATEIIZL; crossjoint PUiHfEsk
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