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R. M. Marsten describes thirty-five

SRR P

APPLICATIONS

OPERATIONAL AMPLIFIERS (OP-AMPS) CAN be

simply described as high-gain direct-coupled voltage
amplifier ‘blocks’ that have a single output terminal but
have both inverting and non-inverting input terminals.
Op-amps can readily be used as inverting, non-invert-
ing, and differential amplifiers in both a.c. and d.c.
applications, and can easily be made to act as
oscillators, tone filters, and level switches, etc.

Op-amps are readily available in integrated circuit
form, and as such act as one of the most versatile
building blocks available in electronics today. One of
the most popular, i.e. op-amps presently available is the
device that is universally known as the ‘741" op-amp-
In this article we shall describe the basic features of this
device, and show a wide variety of practical circuits in
which it can be used.

BASIC OP-AMP CHARACTERISTICS AND CIR-
CUITS

In its simplest form, an op-amp consists of a
differential amplifier followed by offset compensation
and output stages, as shown in Fig. 1a. The differential
amplifier has inverting and non-inverting input
terminals, a high-impedance (constant current) tail to

OFFSET
COMPENSATION
INVERTING
INPUT

NON-INVERTING 0
INPUT

+Ve RAIL

COMMON ov
LNE O -0

Fig. 1a Simplified op-amp equivalent circuit.

give a high input impedance and a high degree of
common mode signal rejection. It also has a
high-impedance (constant current) load to give a high
degree of signal voltage stage gain.

The output of the differential amplifier is fed to a
direct-coupled offset compensation stage, which
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effectively reduced the output offset voltage of the
differential amplifier to zero volts under quiescent
conditions, and the output of the compensation stage is
fed to a simple complementary emitter follower output
stage, which gives a low output impedance.

INVERTING___]
INPUT =
OP-AMP ouT
NON-INVERTING +
INPUT

Fig. 1b Basic op-amp symbol .

LINES OF SUPPLY

Op-amps are normally powered from split power
supplies, providing’ +ve, —ve, and common (zero volt)
supply rails, so that the output of the op-amp can swing
either side of the zero volts value, and can be set at a
true zero volts (when zero differential voltage is applied
to the circuits input terminals.)

The input terminals can be used independently (with
the unused terminal grounded) or simultaneously,
enabling the device to function as an inverting,
non-inverting, or differential amplifier. Since the device
is direct-coupled throughout, it can be used to amplify
either a.c. and d.c. input signals. Typically, they give
basic low-frequency voltage gains of about 100 000
between input and output, and have input impedances
of 1M or greater at each input terminal.

Fig. 1b shows the symbol that is commonly used to
represent an op-amp, and 1c shows the basic supply
connections that are used with the device. Note that
both input and output signals of the op-amp are
referenced to the ground or zero volt line.

‘SIGNAL BOX

The output signal voltage of the op-amp is
proportional to the DIFFERENTIAL signal between its
two input terminals, and is given by

eouleO(ef’eZ)

where A =the open-loop voltage gain of the op-amp

(typically 100 000).
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Metac Digi'l'ai
5 CIOCk P
SEND NO MONEY

We will invoice you with the clock. Try it out for 7
days then send your payment or return the clock in
original condition.

SAME DAY DESPATGH

Clock orders received before 2.00 p.m. are posted
on the same day.

2 YEAR GUARANTEE

A commitment by us to repair or replace at our
discretion any METAC clock failing to give
satisfactory service for two years.

Solid-state ._Ion’g life re]iébility.

NO
OUR MORE
PRICGE T0
COMPLETE PAY

In choice of orange planar gas or soft green
fluorescent digit displays. Green model has 24-hour
readout. Orange model has 12-hour readout and
AM/PM indicator. Both models have flashing
second indicator, 24-hour bleeper alarm, 5-minute
“repeater, main failure indicator, 5’ across x 3%2"
deep. Attractive white case. Thousands sold. Please
state choice.

An electronic clock is silent and extremely reliable;
because there are no moving parts it is impervious to
dust or vibration and will continue to work
indefinitely. Timing signals are derived from the 50
or 60Hz domestic electricity supply which in all the
developed countries has to be held to very high
levels of accuracy.

A bleeper alarm sounds until the clock is tipped
forwards. The the "‘snooze’’ facility can give you 5
minutes sleep before the alarm sounds again, and
then another 5 minutes, etc., until you switch the
alarm off.

An indicator on the display tells you if the alarm is
set, another indicator tells you if it's in the ‘snooze’
mode.

This remarkable clock even tells you if the electricity
supply has momentarily failed.

STOP PRESS our UXBRIDGE shop is now open. Visit

Metac-Electronics, Time Centre

3 NEW ARCADE, HIGH ST., UXBRIDGE, MIDDX.

and see for yourself the full range of top quality watches, clocks
and other consumer electronic products.
Please send your order to:
METAC, ELECTRONICS AND TIME CENTRE
67 HIGH STREET, DAVENTRY, NORTHANTS.

aAMDit INTERNATIONAL 1. ..

The Wireless Specialists for components & modules.

EF5800, 7030 & 91196 - .9uV/30dB S/N., 0.2% THD
Our top three FM tunermodules.(EF5800 shown with can off).

From left to right, the EF5800 6 circuit varicap FM tunerhead
with the 7030 linear phase |F and the 91196 PLL stereo decod-
er with integral 55kHz ‘birdy’ filter. The system provides afc
muting, meter drives, agc, auto stereo switch, & a specification
that exceeds broadcast requirements. Now available with a new
EF5801 tunerhead, with FET buffered oscillator output for
synthesiser/frequency readout facilities.

EF5801..£17.45; EF5800..£14.00, 7030..£10.95, 91196..£12.99

Complete FM tuner kits/systems (Carriage £3 extra.)

The Mark 8 Signalmaster - by Larsholt Electronics

This tuner is based on the popular 7252 tunerset, and provides
an incomparable combination of style and performance that
can be built by even the relatively inexperienced constructor.
Complete kit....£85.00;, matching 25+25W amplifier...£79.00 .
International Mark 2 Tuner kits:

Complete tuner kit, based around the 7253 tunerset, £65.00 .
Or just the chassis, cabinet, heavey aluminium front panel —
for your own choice of modules- see our new info. leaflet on
the International Tuner. (SAE please)

NEW NEW NEW NEW NEW NEW NEW NEW
BIONIC FERRET METAL LOCATOR

Ambit has designed a new approach to cost effective sensitive
metal locators, and now we proudly present the first of the
family of ‘Bionic Ferrets’. Details OA, but we can say it will
detect a 10p piece at 8-10 inches. Coupled with low power
consumption and many innovations, this is the first radically
advanced detector that can be made from a kit. £37.99

Radio module selection: (Prices for kits in our céra/ogue & PL)
EF5800 Ambit6stage varicap 88-108MHz tunerhead £14.00

EF5600 TOKO 5 stage varicap o £12.95
EC3302 TOKO 3 stage varicap £7.50
7020 Dual ceramic filter FM |F system module £6.95

92310 MPX decoder, with stereo filter and preamp £6.95
93090 MPX decoder with CA3090AQ + filter stage £7.35

91197 MW/LW varicap AM tuner module £11.35
771 New ‘Off-Air’ UHF varicap TV sound tunermodule

with mute, AFC, dual conversion, PSU £27.00
9014 MW/LW, EM M

Components: ICs, co:ls, filters, trimmers diode law pots etc.
HA1137W/3089E FM IF 1.94 TOKO AM IFTs:
TBA120 FM IF and demod0.75 455/470kHz types 0.30
MC1350 FM |F preamp 0.97 10.7MHz types 0.33
%%716361%(}2145?&53%1"?(& g;g (10mm square, with int, cap.)

. 455kHz Mechanical filters
CA3090AQ PLL MPX 3.75. 4 or 7 kHz bandwidths 1.95
HA1196 PLL MPX 4.20 455kHz ceramic IF filters \
UA720 AM radio system 1.40 6 or 8 kHz bandwidth CFT0.55
TBA651 AM radio system 1.81 SFD455 (Murata) 8.75
HA1197 AM radio system 1.40 455kHz dual ceramic CFX 1.80
LM1496 balanced mixer  1.25 10 7MHz filters for WBFM:
11C90 600MH2z decade ctr 14 00 3132A 6 pole lin phase 2.25
LM3BON 2 W Audio 1.00  3125N 4 pole Iin phase  1.30
LM381N audio preamp st. 1. 81 CFS ceramic filters 0.50
TDA2020 20W audio amp 2.99  pjiot tone (MPX) filters: i

TCA940 10W audio amp 1.80

M etic. ., tlos Stk KM C U148
v mA reg 0. 95* .

78M20 20v 500mA TapRia-Ra1J2dmena 28

0.
TAAS30B varicap regulatord.50 50* Er D oS qane s ap , with

NE560/1/2B PLL IC
ICL8038CC function gen 4. 50* various chokes etc. see price list

22turn 100k diode law trimpots, with integral knob 40p
2700 rotary 100k diode law tuning pot 32p
Also....meters for tuners,AM tuning varicaps, MOSFETSs etc....

==post/packing 22p per order - except where indicated===
General: All prices shown here exclude VAT, which is
generally 12%%. (Except where marked*). The latest
price leaflet is available FOC with an SAE. Please send
a (large) SAE with any enquiries. Full catalogue still 40p.

37 High Street, Brentwood, Essex. CM14 4RH.

Tel. Daventry (0788) 76545  Shops open 9-5.30 daily
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TELEPHONE (0277) 216029 - after 3pm if possible please.
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Fig. 1c Basic supply connections of an op-amp.

e,=signal the non-inverting input
-terminal.

e,=signal voltage at the inverting input terminal.

Thus, if identical signals are simultaneously applied
to both input terminals, the circuit will (ideally) give zero
signal output: If a signal is applied to the inverting
terminal only, the circuit gives an amplified and
inverted output: If a signal is applied to the
non-inverting terminal only, the circuit gives an
amplified but non-inverted output.

By using external negative feedback components,
the stage gain of the op-amp circuit can be very

precisely controlled.

voltage at
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Fig. 2a Simple differential voltage comparator
circuit.

TRANSFER REQUEST

Fig. 2a shows a very simple application of the
op-amp. This particular circuit is known as a differential
voltage comparator, and has a fixed reference voltage
applied to the inverting input terminal, and a variable
test or sample voltage applied to the non-inverting
terminal. When the sample voltage is more than a few
hundred microvolts below the reference voltage the
op-amp output is driven to saturation in a positive
direction, and when the sample is more than a few
hundred mircovolts below the reference voltage the
output is driven to saturation in the negative direction.

Fig. 2b shows the voltage transfer characteristics of
the above circuit. Note that it is the magnitude of the
differential input voltage that dictates the magnitude of
the output voltage, and that the absolute values of input
voltage are of little importance. Thus, if a 1V reference
is used and a differential voltage of only 200uV is
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needed to switch the output from a negative to a
positive saturation level, this change can be caused by a
shift of only 0.02% on a 1V signal applied to the
sample input. The circuit thus functions as a precision
voltage comparator or balance detector.
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—Ve SATURATION !
—Ve
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Fig. 2b Transfer characteristics of the differential
voltage comparator circuit.

GOING TO GROUND

The op-amp can be made to function as a low-level
inverting d.c. amplifier by simply grounding the
non-inverting terminal and feeding the input signal to

+Ve
SUPPLY
OP-AMP [
+
PUT
. OUTPUT
—Ve
SUPPLY
oV \
Fig. 3a Simple open-loop inverting
d.c. am plifier.

the inverting terminal, as shown in Fig. 3a. The op-amp
is used ‘open-loop’ (without feedback) in this
configuration, and thus gives a voltage gain of about
100 000 and has an input impedance of about 1M.
' The disadvantage of this circuit is that its parameters
are dictated by the actual op-amp, and are subject to.
considerable variation between individual devices.

CLOSING LOOPS

A far more useful way of employing the op-amp is to
use it in the closed-loop mode, i.e., with negative
feedback. Fig. 3b shows. the method of applying
negative feedback to make a fixed-gain inverting d.c.
amplifier. Here, the parameters of the circuit are
controlled by feedback resistors R, and R,. The gain, A
of the circuit is dictated by the ratios of R, and R,, and
equals R,/R,.

The gain is virtually independent of the op-amp
characteristics, provided that the open-loop gain (A ) is
large relative to the closed-loop gain (A). The input
impedance of the circuit is equal to R,, and again is
virtually independent of the op-amp characteristics.

11
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Fig. 3b Basic closed-loop inverting d.c. amplifier.

VIRTUALLY AT EARTH

-It should be noted at this point that although R, and
R,0 control the gain of the complete circuit, they have
no effect on the parameters of the actual op-amp, and
the full open-loop gain of the op-amp is still available
between its inverting input terminal and the output.
Similarly, the inverting terminal continues to have a
very high input impedance, and negligible signal
current flows into the inverting terminal. Consquently,
virtually all of the R, signal current also flows in R,, and
signal currents i, and i, can be regarded as being
equal, as indicated in the diagram.

Since the signal voltage appearing at the output
terminal end of R, is A times greater than that
appearing at the inverting terminal end, the current
flowing in R, is A times greater than that caused by the
inverting terminal signal only. Consequently, R, has an
apparent value of R,/A when looked at from its
inverting terminal end, and the R,-R, junction thus
appears as a low-impedance VIRTUAL EARTH point.

SUPPLY

SUPPLY

INPUT OUTPUT

R2

o- = )

Fig. 4a Basic non-inverting d.c. amplifier

INVERT OR NOT TO INVERT ...

It can be seen from the above description that the
Fig. 3b circuit is very versatile. Its gain and input
impedance can be very precisely controlled by suitable
choice of R, and R,, and are unaffected by variations in
the op-amp characteristics. A similar thing is true of the
non-inverting d.c. amplifier circuit shown in Fig. 4a. In
this case the voltage gain is equal to (R,+R,)/R, and
the input impedance is approximately equal to
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(A,/A)Zin where Zin is the open-loop input impedancw
of the op-amp. A great advantage of this circuit is that it
has a very high input impedance.

FOLLOW THAT VOLTAGE

The op-amp can be made to function as a precision
voltage follower by connecting it as a unity-gain
non-inverting d.c. amplifier, as shown in Fig. 4b. In this
case the input and output voltages of the circuit are
identical, but the input impedance is very high and is
roughly equal to Ay X Z, .

The basic op-amp circuits of Figs. 2a to 4b are
shown as d.c. amplifiers, but can readily be adapted for
a.c. use. Op-amps also have many applications other
than as simple amplifiers. They can easily be made to
function as precision phase splitters, as adders or
subtractors, as active filters or selective amplifiers, as
precision half-wave or full-wave rectifiers, and as
oscillators or multivibrators, etc.

f SUPPLY
+Ve

—Ve

SUPPLY OUTPUT

o £ 0

Fig. 4b Basic unity-gain d.c. voltage follower

OP-AMP PARAMETERS

An ideal op-amp would have an infinite input
impedance, zero output impedance, infinite gain and
infinite bandwidth, and would give perfect tracking
between input and output. Practical op-amps fall far
short of this ideal, and have finite gain, bandwidth, etc.,
and give tracking errors between the input and output
signals. Consequently, various performance paramaters’
are detailed on op-amp data sheets, and indicate the
measure of ‘goodness’ of the particular device in
question. The most importance of these parameters are
detailed below.

OPEN-LOOP VOLTAGE GAIN, A, This is the

low-frequency voltage gain occuring directly between
the input and output terminals of the op-amp, and may
be expressed in direct terms or in terms of dB.
Typically, d.c. gain figures of modern op-amps are
100 000, or 100dB.

INPUT IMPEDANCE, Z,. This is the impedance
looking directly into the input terminals of the op-amp
when it is used open-loop, and is usually expressed in
terms of resistance only. Values of 1M are typical of
modern op-amps with bi-polar input stages, while
F.E.T. input types have impedances of a million Meg or
greater.

ELECTRONICS TODAY INTERNATIONAL—APRIL 1977
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OUTPUT IMPEDANCE, Z, This is the output

impedance of the basic op-amp when it is used
open-loop, and is usually expressed in terms of
resistance only. Values of a few hundred ohms are
typical of modern op-amps.

INPUT BIAS CURRENT, I,. Many op-amps use bipolar
transistor input stages, and draw a small bias current
from the input terminals. The magnitude of this current
is denoted by |, and is typically only a fraction of a
microamp.

SUPPLY VOLTAGE RANGE, V, Op-amps are usually
operated from two sets of supply rails, and these
supplies must be within maximum and minimum
limits. If the supply voltages are too high the op-amp
may be damaged, and if the supply voltages are too low
the op-amp will not function correctly. Typical supply
limits are =3V to = 15V.

INPUT VOLTAGE RANGE, V,,,,. The input voltage to

the op-amp must never be allowed to exceed the supply
line voltages, or the op-amp may be damaged. V., is
usually specified as being one or two volts less than v_.

OUTPUT VOLTAGE RANGE, V..., if the op-

amp is over driven its output will saturate and be
limited by the available supply voltages, so V., is
usually specified as being one or two volts less than V..

DIFFERENTIAL INPUT OFFSET VOLTAGE,
V., In the ideal op-amp perfect tracking would
exist between the input and output terminals of the
device, and the output would register zero when both
inputs were grounded. Actual op-amps are not perfect
devices, however, and in practice slight imbalances
exist within their input circuitry and effectively cause a
small offset or bias potential to be applied to the input
terminals of the op-amp. Typically, this DIFFERENTIAL
INPUT OFFSET VOLTAGE has a value of only a few
millivolts, but when this voltage is amplified by the gain
of the circuit in which the op-amp is used it may be
sufficient to drive the op-amp output to saturation.
Because of this, most op-amps have some facility for
externally nulling out the offset voltage.

COMMON MODE REJECTION RATION, c.m.r.r. The
ideal op-amp produces an output that is proportional to
the difference between the two signals applied to its
input terminals, and produces zero output when
identical signals are applied to both inputs simultan-
eously, i.e., in common mode. In practical op-amps,
common mode signals do not entirely cancel out, and
produce a small signal at the op-amps output terminal.
The ability of the op-amp to reject common mode
signals is usually expressed in terms of common mode
rejection ratio, which is the ratio of the op-amps gain
with differential signals to the op-amps gain with
common mode signals. C.m.r.r. values of 90dB are
typical of modern op-amps.

TRANSITION FREQUENCY, f. An op-amp typically
gives a low-frequency voltage gain of about 100dB,
and in the interest of stability its open-loop frequency
response is tailored so that the gain falls off as the
frequency rises, and falls to unity at a transition
frequency denoted f;. Usually, the response falls off at a
rate of 6dB per octave or 20dB per decade. Fig. 5
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Fig. 5 Typical frequency response curve
of the 741 op-amp.
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shows the typical response curve of the type 741
op-amp, which has an f; of 1MHz and a low frequency
gain of 100dB.

Note that, when the op-amp is used in a closed-loop
amplifier circuit, the bandwidth of the circuit depends
on the closed-loop gain- If the amplifier is used to give a
gain of 60dB its bandwidth is only 1kHz, and if it is
used to give a gain of 20dB its bandwidth is 100kHz.
The f; figure can thus be used to represent a
gain-bandwidth product.

PARAMETER 741 VALUE
A, OPEN-LOOP VOLTAGE GAIN 10048
Zin INPUT IMPEDANCE ™

s OUTPUT IMPEDANCE 150R
W INPUT BIAS CURRENT 200nA
Vs (MAX) MAXIMUM SUPPLY VOLTAGE +18V
Vi (MAX) MAXIMUM INPUT VOLTAGE £13V
Vo (MAX) MAXIMUM OUTPUT VOLTAGE £14V
Vi DIFFERENTIAL INPUT OFFSET VOLTAGE | 2mV
c.m.m.r. COMMON MODE REJECTION RATIO 90dB
Er TRANSITION FREQUENCY 1MHZ
s SLEW RATE 1W/uS

Table 1 Typical characteristics of the 741 op-amp.

SLEW RATE. As well as being subject to normal
bandwidth limitations, op-amps are- also subject to a
phenomenon known as slew rate limiting, which has
the effect of limiting the maximum rate of change of
voltage at the output of the device. Slew rate is
normally specified in terms of volts per microsecond,
and values in the range 1V/uS to 10V /us are common
with most popular types of op-amp. One effect of slew
rate limiting is to make a greater bandwidth available to
small output signals than is available to large output
signals.

THE 741 OP-AMP.

Early types of i.c. op-amp, such as the well known
709 type, suffered from a number of design
weaknesses. In particular, they were prone to a
phenomenon known as INPUT LATCH-UP, in which

13
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the input circuitry tended to switch into a locked state if
special precautions wre not taken when con-
necting the input signals to the input terminals, and
tended to self-destruct if a short circuit were
inadvertently placed across the op-amp output
terminals. In addition, the op-amps were prone to
bursting into unwanted oscillations when used in the
linear amplifier mode, and required the use of external
frequency compensation components for stability
control. ~

OFFSET TAB
NC v+ OUT NULL
— = o = OFFSET v+
NULL
) INPUT OUTPUT
INPUT OFFSET
L=5 1= | L=} + NULL
OFFSET  — ¥ V-
NULL  INPUT INPUT (AND CASE)
8PIN D.I.L. OR DIP 741 T05 741
(TOP VIEW) (TOP VIEW)
Fig. 6 Outlines and pin connections of the two
most popular 741 packages.

These weaknesses have been eliminated in the type

741 op-amp. This device is immune to input latch-up
problems, has built-in output short circuit protection,
and does not require the use of external frequency
compensation components. The typical performance
characteristics of the device are listed in Table 1.

The type 741 op-amp is marketed by most i.c.
manufacturers, and is very readily available. Fig. 6
shows the two most commonly used forms of
packaging of the device: Throughout this chapter, all
practical circuits are based on the standard' 8-pin
dual-in-line (D.l.L. or DIP) version of the 741 op-amp.

e AANAN————
R2
™
R1
10k
O— VNV —<
]
INPUT
—9v  OUTPUT
oV
(o, -0

Fig. 8a x100 inverting d.c. amplifier.

OUTPUT

R3
10k

o LB

Fig. 8b Variable qain (x1 to x100) inverting
d.c. amplifier.

ouT
10k
(OFFSET NULL)
TO SUPPLY
—Ve

Fig. 7 Method of applying offset nulling to the
741 op-amp.

The 741 op-amp can be provided with external
offset nulling by wiring a 10k pot between its two null
terminals and taking the pot slider to the negative
supply rail, as shown in Fig. 7.

Having cleared up these basic points, let's now go
on and look at a range of practical applications of the
741 op-amp.
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BASIC LINEAR AMPLIFIER PROJECTS. (Figs. 8 to

11).

Figs. 8 to 11 show a variety of ways of using the
741 in basic linear amplifier applications.

The 741 can be made to function as an inverting
amplifier by grounding the non-inverting input terminal
and feeding the input signal to the inverting terminal.
Ihe voltage gain of the circuit can be precisely
controlled by selecting suitable values of external
feedback resistance. Fig. 8a shows the practical
connections of an inverting d.c. amplifier with a pre-set
gain of x100" The voltage gain is determined by the
ratios of R, and R,, as shown in the diagram.

The gain can be readily altered by using alternative
R, and/or R, values. If required, the gain can be made
variable by using a series combination of a fixed and a
variable resistor in place of R,, as shown in the circuit of
Fig. 8b, in which the gain can be varied over the range
x1 to x100 via R,.

VARIATIONS

A variation of the basic inverting d.c. amplifier is
shown in Fig. 9a. Here, the feedback connection to R,
is taken from the output of the R;—R, output potential
divider, rather than directly from the output of the

~op-amp, and the voltage gain is determined by the

ratios of this divider as well as by the values of R, and
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Fig. 9a High impedance x100 inverting d.c. amplifier.

R,. The important feature of this circuit is that it enables
R, which determines the input impedance of the
circuit, to be given a high value if required, while at the
same time enabling high voltage gain to be achieved.

The basic inverting d.c. amplifier can be adapted for
a.c. use by simply wiring blocking capacitors in series
with its input and output terminals, as shown in the
x100 inverting a.c. amplifier circuit of Fig. 9b.

C1
R1
L 10k o
o— W\ T
<+ I
INPUT
OUTPUT
ov
o o —0

Fig. 9b x100 inverting a.c. amplifier.

NON-INVERTING . . .

The amp can be made to function as a non-inverting
amplifier by feeding the input signal to its non-inverting
terminal and applying negative feedback to the
inverting terminal via a resistive potential divider that is
connected across the op-amp output. Fig. 10a shows
the connections for making a fixed gain (x100) d.c.
amplifier.

The voltage gain of the Fig. 10a circuit is determined
by the ratios of R, and R, If R, is given a value of zero
the gain falls to unity, and if R, is given a value of zero
the gain rises towards infinity (but in practice is limited
to the open-loop gain of the op-amp). If required, the
gain can be made variable by replacing R, with a
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R1
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Fig.10a Non-inverting x 100 d.c. amplifier.

potentiometer and connecting the pot slider to the
inverting terminal of the op-amp, as shown in the circuit
of Fig. 10b" The gain of this circuit can be varied over
the range x1 to x100 via R;.

... AND RESISTANCE TO INPUTS

A major advantage of the non-inverting d.c. amplifier
is that it has a very high input resistance. In theory, the
input resistance is equal to the open-loop input
resistance (typically 1M) muitiplied by the open-loop
voltage gain (typically 100 000) divided by the actual
circuit voltage gain. In practice, input resistance values
of hundreds of megohms can readily be obtained.

RV1

100k
INPUT OUTPUT
R1
1k01
o —%0

' Fig. 10b Non-inverting variable gain (x1 to x100) d.c. amplifier.

BLOCKING OUT

The basic non-inverting d.c. circuit of Fig. 10 can be
modified to operate as a.c. amplifiers in a variety of
ways. The most obvious approach here is to simply wire
blocking capacitors in series with the inputs and
outputs, but in such cases the input terminal must be
d.c. grounded via a suitable resistor, as shown by R, in’
the non-inverting x100 a.c. amplifier of Fig. 11a. If this
resistor is not used the op-amp will have no d.c.
stability, and its output will rapidly drift into saturation.
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Clearly, the input resistance of the Fig. 11a circuit is
equal to R;, and R; must have a relatively low value in
the interest of d.c. stability. This circuit thus loses the
non-inverting amplifier's basic advantage of high input
resistance.

c2
Ou1

I._o

100k

C1
oul

PUT
INPUT ep
R3 R1
100k 1k01
' oV
O~ A ® —O

Fig. 11b_Non-inverting, high input-impedance,
x100 a.c. amplifier.

DRIFTING INTO STABILITY

A useful development of the Fig. 11a circuit is
shown in Fig. 11b. Here, the values of R, and R, are
increased and a blocking capacitor is interposed
between them" At practical operating frequencies this
capacitor has a negligible impedance, so the voltage
gain is still determined by the ratios of the two resistors.
Because of the inclusion of the blocking capacitor,
however, the inverting terminal of the op-amp is
subjected to virtually 100% d.c. negative feedback
from the output terminal of the op-amp, and the circuit
thus has excellent d.c. stability. The low end of R; is
connected to the C;—R, junction, rather than directly to
the ground line, and the signal voltage appearing at this
point is virtually identical with that appearing at the
non-inverting terminal of the op-amp-

+9V
2 c2
ou1
C11 ¥
Ou I'—'O
o—f :
R2
m™m
R3 OUTPUT
100k
(NON )-LC3
INPUT POLARISED T 2u2
R1
10k1
O —O
Fig. 11a Non-inverting 2#00- x100 a.c. amplifier.
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Consequently, identical signal voltages appear at
both ends of R;, and the apparent impedance of this
resistor is increased close to infinity by bootstrap action.

This circuit thus has good d.c. stability and a very
high input impedance In practice, this circuit gives a
typical input impedance of about 50M.

VOLTAGE FOLLOWER PROJECTS (Figs. 12 to 13).

A 741 can be made to function as a precision
voltage follower by connecting it as a unity-gain
non-inverting amplifier. Fig. 12a shows the practical
connections for making a d.c. voltage follower. Here,
the input signal is applied directly to the non-inverting
terminal of the op-amp, and the inverting terminal is
connected directly to the output, so the circuit has
100% d.c. negative feedback and acts as a unity-gain
non-inverting d.c. amplifier. -

The output signal voltage of the circuit is virtually
identical to that of the input, so the output is said to
‘follow’ the input voltage. The great advantage of this
circuit is that it has a very high input impedance (as
high as hundreds of megohms) and a very low output
impedance (as low as a few ohms). The circuit acts
effectively as an impedance transformer.

—
PR

OUTPUT
INPUT
o -0

Fig. 12a d.c. voltage follower.

PRACTICE, AND ITS LIMITS

In practice the output of the basic Fig. 12a circuit
will follow the input to within a couple of millivolts up to
magnitudes within a volt or so of the supply line
potentials. If required, the circuit can be made to follow
to within a few microvolts by adding the offset null
facility to the op-amp.

The d.c. voltage follower can be adapted for a.c. use
by wiring blocking capacitors in series with its input and
output terminals and by d.c.-coupling the non- inverting
terminal of the op-amp to the zero volts line via a
suitable resistor, as shown by R, in Fig. 12b. R, should
have a value less than a couple of megohms and
restricts the available input impedance of the voltage
follower.

LACED UP OHMS

If a very high input-impendance a.c. voltage follower
is needed, the circuit of Fig. 12¢ can be used. Here, R,
is boostrapped from the output of the op-amp, and |ts
apparent impedance is greatly increased. This circuit
has a typical impedance of hundreds of megohms.
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+9V
2 Cc2
- T 6 oul
C1 -
oul 3 741 —I'—J
g
R1 -V OUTPUT
INPUT m
oV
O
Fig. 12b a.c. voltage follower.
c2
G1 o
ou1 P—-"-—O

R1
100k OUTPUT
(NON ’_-C3
POLARISED 2u2
INPUT T K
R2
10k
o- L
Fig. 12c Very high input-impedance a.c. voltage
follower.

DRIVING CIRCUITS AMP-LY

The 741 op-amp is capable of providing output
currents up to about 5mA, and this is consequently the
current-driving limit of the three voltage follower
circuits that we have looked at so far. The
current-driving capabilities of the circuits can readily be
increased by wiring simple or complimentary emitter

Q1
3 2N3704
! ——O
INPUT
OUTPUT
R1
10k
ov
O— £

Fig. 13a Unidirectional d.c. voltage follower with boosted
output (variable from 0V to +8V at 50mA.)
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follower booster stages between the op-amp output
terminals and the outputs of the actual circuits, as
shown in Figs. 13a and 13b respectively.

Note in each case that the base-emitter junction(s) of
the output transistor(s) are included in the negative
feedback loop of the circuit Consequently, the 600mV
knee voltage of each junction is effectively reduced by a
factor equal to the open-loop gain of the op-amp, so the
junctions do not adversely effect the voitage-following
characteristics of either circuit. i

The Fig. 13a circuit is able to source current only,
and can be regarded as a unidirectional, positive-going,
d.c. voltage follower. The Fig. 13b circuit can both
source and sink output currents, and thus gives:
bidirectional follower action. Each circuit has a
current-driving capacity of about 50mA- This figure is
dictated by the limited power rating of the specified
output transistors® The drive capability can be increased
by using alternative transistors.

f +9V

———O
O—>—
INPUT OUTPUT
R1
10k
ov
O O

Fig. 13b Bidirectional d.c. voltage follower with boosted
output (variable from 0V tot 18V at 50mA).

MISC AMP PROJECTS (Figs. 14 to 22)

Figs. 14 to 22 show a miscellaneous assortment of
741 amplifier projects, ranging from d.c. adding circuits
to frequency-selective amplifiers.

Fig. 14 shows the circuit of a unity-gain inverting d.c.
adder, which gives an output voltage that is equal to the
sum of the three input voltages. Here, input resistors R,
to R, and feedback resistor R, each have the same
value, and the circuit thus acts as a unity-gain inverting
d.c. amplifier between each input terminal and the
output. Since the current flowing in each input resistor
also flows in feedback resistor R,, the total current
flowing in R, is equal to the sum of the input currents,
and the output voltage is equal to the sum of the imput
voltages. The circuit shown with only three input
connections, but in fact can be provided with any
number of input terminals. The circuit can be made to
function as a so-called ‘audio mixer’ by wiring blocking
capacitors in series with each input terminal and with
the output terminal.
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R1 ANV

100k R4

INPUT

FIG. 17 shows the amp can be made to act as a
non-linear (semi-log) a.c. voltage amplifier by using a
couple of ordinary silicon diodes as feedback elements.
The voltage gain of the circuit depends on the
magnitude of applied input signal, and is high when
input signals are low, and low when input signals are.
high. The measured performance of the circuit is shown
in the table, and can be varied by using alternative R,
values.

2
INPUT
3

l

OUTPUT

ov

O

==

Fig. .14 Unity-gain inverting d.c. adder, or ‘audio mixer’.

FIG. 15 shows how two unity-gain inverting d.c.
amplifiers can be wired in series to make a precision
unity-gain balanced d.c. phase-splitterr The output of
the first amplifier is an inverted version of the input
signal, and the output of the second amplifier is a
non-inverted version.

O

OUTPUT
1

(INVERTED)

ouTPUT
2

(NON
INVERTED)

ov

014 et

Fig.15 Unity-gain balanced d.c. phase-splitter.

FIG. 16 shows how a 741 can be used as a
unity-gain differential d.c. amplifier. The output of this
circuit is equal to the difference between the two input
signals or voltages, or to e,-e,” Thus, the circuit can also
be used as a subtractor. In this type of circuit the
component values are chosen such that R,/R,=R,/R,,
in which case the voltage gain A,=R,/R," The circuit
can thus be made to give voltage gain if required.

c1
10u R1
+ HI SEE
TABLE —0
INPUT
OUTPUT
o oV -
INPUT VOLTS | O Ry = kAL By 10k0
(RMS) \&"]R M S) | GAIN uRMS) GAIN
1my 1MOmV xno 21mV x21
10mV 330mV X33 170mV X1
100V 450 mV X45 360mV X36
1w S60mV X056| 470wV |[X047
w0V 600mV X007| 560MV |X0056

Fig. 17 Circuit and performance table of non-linear
(semi-log) a.c. voltage amplifier.

—AAAA
R2
100k
R1
100k
R3
100k
INPUT
2 g
INPUT
1
l ov
o- 0

—AAAA
R2
10k
R1 +9V
217
10k TO 10M
(SENSITIVITY) 741 b > + —0
3, A
+
D1
-9V
R4
100k
NPT ouTPUT
a1
2N3819
c1
Tu
e ov (SEE gXT)
Vin Vin Vin Vin Vour
(R;=10KS2) (R, = 100KQ) (R, = IMQ) (R, =10MQ2)
50 mV 500 mV 5V S0 V 285V
20mV 200 mV 2V 20 V 281V
10 mV 100 mV 1V 10 V 279V
S5mV 50 mV 500 mV T 4 260V
2mV 20 mV 200 mV 2 V 203V
1 mV 10 mV 100 mV 1"V 148V
500 uV SmV 50 mV 500 mV 0.9V
200 uV 2mV 20 mV 200 mV 040V
100 uV 1 mV 10 mV 100 mV 020V
50 uV S00 uV SmV S0 mV 0V

Fig. 16 Unity-gain differential d.c. amplifier, or subtractor.
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Fig. 18 Circuit and performance details of constant-volume
amplifier.
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FIG. 18 shows how the 741 can be used together
with a junction-type field-effect transistor (JFET) to
make a so-called constant-volume amplifier. The action
of this type of circuit is such that its peak output voltage
is held sensibly constant, without distortion, over a
wide range of input signal levels, and this particular
circuit gives a sensibly constant output over a 30dB
range of input signal levels.

The measured performance of the circuit is shown in
the table. C, determines the response time of the
amplifier, and may be altered to satisfy individual
needs.

ACTION TAKEN

The action of the Fig. 18 circuit relies on the fact that
the JFET can act as a voltage-controlled resistance which
appears as a low value when zero bias is applied to its
gate and as a high resistance when its gate is negatively
biased. The JFET and R, act as a gain-determining a.c.
voltage divider (via C,), and the bias to the JFET gate is
derived from the circuits output via the D,-C, network.
When the circuit output is low the JFET appears as a

Finally, to complete this section, Figs. 21 and 22
show the circuits of a couple of variable-frequency
audio filters. The Fig. 21 circuit is that of a low-pass
filter which covers the range 2.2kHz to 24kHz, and the
Fig. 22 circuit is that of a high-pass filter which covers
the range 235Hz to 2.8kHz. In each case, the circuit
gives unity gain to signals beyond its cut-off frequency,
and gives a 2nd order response (a change of 12dB per
octave) to signals within its range.

R6
270k

R1
18k

Lo

INPUT
OUTPUT

R7

27k

oV

low resistance, and the op-amp gives high voltage gain. o —O
When the circuit output is high the JFET appears as
a high resistance, and the op-amp gives low voltage Fig. 20 1kHz notch (reject) filter.
gain. The output level of the circuit is thus held sensibly
constant by negative feedback.
€1
20n ﬁ;k O
QUTPUT
7o)
15k 15k
ki Fig. 21 Variable low-pass filter, covering 2.2kHz to 24kHz.

OUTPUT

Fig. 19 1kHz tuned (acceptor) amplifier (twin-T).

CHOOSE YOUR FREQUENCY

The 741 op-amp can be made to function as a
frequency-selective amplifier by connecting
frequency-sensitive networks into its feedback loops.
Fig. 19 shows how a twin-T network can be connected to
the op-amp so that it acts as a-tuned (acceptor) amplifier,
and Fig. 20 shows how the same twin-T network can be
connected so that the op-amp acts as a notch (rejector)
filter. The values of the twin-T network are chosen such
that R,=R;=2 X R,, and C,=C,/2, in which case its
centre (tuned) frequency =1/6.28 R,.C,. With the
component values shown, both circuits are tuned to
approximately 1kHz. 2
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OUTPUT

oV

0

Fig. 22 Variable high-pass filter, coverimg 235Hz to 2.8kHz.
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INSTRUMENTATION PROJECTS (Figs. 23 to 31)

Figs. 23 to 31 show a variety of instrumentation
projects in which the 741 can be used. The circuits
range from a simple voltage regulator to a linear-scale
ohmmeter.

=g ]

‘ 15V

Fig. 23 Simple variable-voltage supply.

FIG. 23 shows the circuit of a simple variable-vol-
tage power supply, which gives a stable output that is
fully adjustable from OV to 12V at currents up to a
maximum of about 50mA. The operation of the circuit is

" quite simple. ZD, is a zener diode, and is energised from
the positive supply line via R,. A constant reference
potential of 12V is developed across the zener diode,
and is fed to variable potential divider RV,.

The output of this divider is fully variable from OV to
12V, and is fed to the non-inverting input of the
op-amp. The op-amp is wired as a unity-gain voltage
follower, with Q, connected as an emitter follower
current-booster stage in series with its output.

This, the output voltage of the circuit follows the
voltage set at the op-amp input via RV,, and is fully
variable from OV to 12V. Note that the circuit uses an
18V positive supply and a 9V negative supply.

Also note that the voltage range of the above circuit
can be increased by using higher zener and unregulated
supply voltages, and that its current capacity can be
increased by using one or more power transistors in
place of Q,.

+40V TO 45V (UNREGULATED)

OQUTPUT
= 3-30V
"™ 0-1A

R6
R4 470R

(SET ZERO)

Fig. 24 3V - 30V, 0-1 amp stabilised p.s.u.
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FIG. 24 shows how a 741 op-amp can be used as
the basis of a stabilised power supply unit (P.S.U.) that
covers the range 3V to 30V at currents up to 1A. Here,
the voltage supply to the op-amp is stabilized at 33V via

- ZD,, and a highly temperature-stable reference of 3V is

fed to the input of the op-amp via ZD,.

The op-amp and output transistors Q,-Q, are wired
as a variable-gain non-inverting d.c. amplifier, with gain
variable from unity to x10 via RV,, and the output
voltage is thus fully variable from 3V to 30V via RV,. The
output voltage is fully stabilized by negative feedback.

R2
10k
— VWA 22
R3 3N3055
3k9
a3 R7
2N2704 0R6
mw
O
RV1
i %?V‘ ? > 10k
W
po e C1 X outpuT
a70r 1007 3-30v
&l zn2 R4 0-1A
AGs 27
RV2
1k
(SET 30V)
O

Fig. 25 3V - 30V stabilised p.s.u. with overload protection.

FIG. 25 shows how overload protection can be
applied to the above circuit. Here, current-sensing
resistor Ry is wired in series with the output of the
regulator, and cut-out transistor Q, is driven from this
resistor and is wired so that its base-collector junction is
able to short the base-emitter junction of the Q,-Q,
output transistor stage.

Normally, Q, is inoperative, and has no effect on the
circuit, but when P.S.U. output currents exceed 1A a
potential in excess of 600mV is developed across Rq
and biases Q; on, thus. causing Q,; to shunt the
base-emitter junction of the Q,-Q, output stage and
hence reducing the output current: Heavy negative
feedback takes place in this action, and the output
current is automatically limited to 1A, even under
short-circuit conditions.

FIG. 26a shows how a 741 can be used in
conjunction with a couple of silicon diodes as a
precision half-wave rectifier. Conventional diodes act as
imperfect rectifiers of low-level a.c. signals, because
they do not begin to conduct significantly until the
applied signal voltage exceeds a ‘knee’ value of about
600mV.

When diodes are wired into the negative feedback
loop of the circuit as shown the ‘knee’ voltage is
effectively reduced by a factor equal to the open-loop
gain of the op-amp, and the circuit thus acts like a
near-perfect rectifier.

The overall voltage gain of the Fig. 26a circuit is
dictated by the ratios of R, and R, to R;, as in the case
of a conventional inverting amplifier, and this circuit
thus gives a gain of unity. The circuit can be made to
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R3
10k

AC

INPUT HALF-WAVE
(+Ve)
OUTPUT
ov

O— O

Fig. 26a Precision unity-gain half-wave rectifier.

act as a precision half-wave a.c./d.c. converter by
designing it to give a voltage gain of 2.22 to give
form-factor correction, and by integrating its rectifier
output, as shown in Fig. 26b.

Note that each of the Fig. 26 circuits has a high
output impedance, and the outputs must bot be fed into
loads having impedances less than about 1M.

-
4 R2 C2

22k2 Tu

C1 R1
Tu 10k
AC
INPUT
(0—2V RMS)
. oV
O -0

Fig. 26b Precision half-wave a.c./d.c. converter.

ST E AAAYA
v | toma R2
v 1T™MQ m™
100mv_| 100kQ +9V
10mY 10kQ
MV 1kQ
oAW1 7 R3
R1 . & 2k7
SEE 741 ANN—
TABLE 3
INPUT
M1
R5 RV1
100k 10k ;?'f
(SET ZERO)
-9V
o é i oV

Fig. 27 High-performance d.c. voltmeter converter.
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FIG. 27 shows how op-amp can be used as a
high-performance d.c. voltmeter converter, which can
be used to convert any 1V f.s.d. meter with a sensitivity
better than 1k/V into a voltmeter that can read any
value in the range TmV to 10V f.s.d. at a sensitivity of
1M/V: The voltage range is determined by the R,
value, and the table shows some suitable values for
common voltage ranges.

FIG. 28 shows a simple circuit that can be used to
convert a 1mA f.s.d. meter into a d.c. voltmeter with
any f.s.d. value in the range 100mV to 1000V, or into
a d.c. current meter with any f.s.d. value in the range
1TuA to 1A. Suitable component values for different
ranges are shown in the tables.

+9V
2 e 7 R3
6 2k7 +
B 741 M1 ]
3 + 5
1 TmA
SEE TABLE 4
R4
INPUT TAEEE R2 RV1 100R
10k
(SET ZERO)
-9V
fo oV
VOLTMETER CURRENT METER
1sd R, R, f.sd R, Ry
1000V 10MQ 1kQ 1A oQ 01Q
100v 10MQ 0kQ 100mA oQ 19
0v 10M0Q 100kQ 10MA on 100
1wv 9005(1 100kQ TMA [1]¢] 100Q
100mV 00 100kQ 100k A on 1kQ
10uA oQ 10kQ
A o 1006
Fig. 28 Simple d.c. voltage or current meter.

FIG. 29 shows the circuit of a precision d.c.
millivoltmeter, which uses a 1TmA f.s.d. meter to read
f.s.d. voltages from 1mV to 1000mV is seven
switch-selected ranges.

FIG. 30 shows the basic circuit of a precision a.c.
volt or millivolt meter. This circuit can be used with any
moving-coil meter with a full scale current value in the
range 100uA to 5mA, and can be made to give any full
scale a.c. voltage reading ‘in .the range 1mV to
1000mV. The tables show the alternative values of R,
and R, that must be used to satisfy different basic meter
sensitivities, and the values of R; and R, that must be
used for different f.s.d. voltage sensitivities.

HOME OHM ;
Finally, to conclude, Fig. 31 shows how the 741
op-amp can be used in conjuncton with a TmA f.s.d.
meter to make a linear-scale ohmmeter that has five
decade ranges from 1k to 10M.
The circuit is divided into two parts, and consists of a
voltage generator that is used to generate a standard test
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Fig. 30 Precision a.c. volt/millivolt meter.

values of ranging resistors R; to R, and by negative
feedback resistor R,.

Since the input to the amplifier is fixed at 1V, the
output voltage reading of the meter is directly
propertional to the value of R,, and equals full scale
when R, and the ranging resistor values are equal.
Consequently, the circuit functions as a linear-scale
ohmmeter. i

CALIBRATION

The procedure for intially calibrating the Fig. 1.31
circuit is as follows. First, switch the unit to the 10kQ)
range and fix an accurage 10k{ resistor in the R,
position. Now adjust R; to give an accurate 1V across
Rs, and then adjust R,, to give a precise full scale
reading on the meter. All adjustments are then
complete, and the circuit is ready for use.

MISCELLANEOUS 741 PROJECTS

The 741 op-amp can be used as the basis of a vast
range of miscellaneous projects, including osillators:
and sensing circuits. Four such projects are described in
this final section.

FIG. 32 shows how the 741 op-amp can be
connected as a variable-frequency wien-bridge oscilla-
tor, which covers the basic range 150Hz to 1.5kHz, and
uses a low-current lamp for amplitude stabilisation. The
output amplitude of the oscillator is variable via RV, and
has a typical maximum value of 2.5V r.m.s. and a t.h.d.
value of 0.1%. The frequency range of the circuit is
inversely proportional to the C,-C, values' The circuit
can give a useful performance up to a maximum
frequency of about 25kHz.

R I RV3
0u1 1k
(SET 2.5V RMS)

R1
910R

57
/

RV1
10k

GANGED

-

/
1

mA |-
+

!SET ZERO)

Fig. 31 Linear-scale ohmmeter.

voltage, and a readout unit which-indicates the value of
the resistor under test.

The voltage generator section of the circuit comprises
zener diode ZD,, transistor Q,, and resistors R, to R,.
The action of these components is such that a stable
reference potential of 1V is developed across R,, but is
adjustable over a limited range via RV,. This voltage is
fed to the input of the op-amp readout unit. The op-amp
is wired as an inverting d.c. amplifier, with the 1TmA
meter and RV; forming a 1V f.s.d. meter across its
output, and with the op-amp gain determined by the

22

L RV2 &

10k 62 N RV4

oul 10k
R2 ANY 12—28V OUTP
910R LOW CURRENT 4

(>50mA)LAMP
oV
—0

Fig.32 150Hz - 1.5kHz Wien-bridge oscillator.

Fig. 33 shows how either a 741 or a 709 op-amp
can be connected as a simple variable-frequency
square-wave generator that covers the range 500Hz to
5kHz via a single variable resistor. (The circuit produces
a good symmetrical waveform.)

The frequency of oscillation is inversely proportional
to the C, value, and can be reduced by increasing t'
C, value, or vice-versa. The amplitude of the squa.
wave output signal can be made variable, if required,
by wiring a 10k{ variable potential divider across the
output terminals of the circuit and taking the output
from between the pot slider and the zero volts line.
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500Hz

OUTPUT

5kHz

& —0
Fig.33 Simple 500Hz - 5kHz square wave generator.

FIGS. 34 and 35 show a couple of useful ways of
using the 741 op-amp in the open-loop differential
voltage comparator mode. In each case, the circuits are
powered from single-ended 12V supplies, and have a
fixed half-supply reference voltage applied to the
non-inverting op-amp terminal via the R,-R, potential
divider and have a variable voltage applied to the
inverting op-amp terminal via a variable pdtential
divider.

The circuit action is such that the op-amp output is
driven to negative saturation and the relay is driven on
when the variable input voltage is greater than the
reference voltage, and the op-amp output is driven to
positive saturation and the relay is cut off when the
variable input voltage is less than the reference voltage.

+12V
R1
RV1 Q1
10k 30K 2N3702
2 ]
741
3 A RLA
4 b 12V RELAY
COIL 180R
5 & OR GREATER
R2
(SEE 1N4001
]
: oV 5
Fig. 34 Precision frost or under temperature switch can :
be made to act as a fire or over temperature switch by transposing
R 7 and TH 7 positions.

FROSTY RECEPTION

The Fig. 34 circuit is that of a precision frost or
under-temperature switch, which drives the relay on
when the temperature sensed by thermistor TH, falls
below a value pre-set via RV,. The circuit action can be
reversed, so that it operates as a fire or over-tempera-
ture switch, by simply transposing the RV, and the TH,
positions. In either case, TH, can be any negative-tem-
perature-coefficient thermistor that presents a resis-
tance in the range 9002 to 9k{ at the required trip
temperature.
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RV1 R2 1N4001 I: COIL 180R
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T
Fig. 35 Precision light-activated switch can be made to act as a
dark-activated switch by transposing R 7 and L DR positions.

LIGHT WORK

The Fig. 35 circuit is that of a precision light-activated
switch, which turns the relay on when the illumination
level sensed by light-dependent resistor LDR exceeds a
value pre-set by RV,. The circuit action can be reversed
so that the relay turns on when the illumination falls
below a pre-set level by simply transposing the RV, and
LDR positions. In either case, the LDR can be any
cadmium-sulphide photocell that presents a resistance
in the range 9002 to 9k{2 at the desired switch-on level.
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h-------------------d

23



LYNX ELECTRONICS (LONDON) LTD

92 Broad Street, Chesham, Bucks

Telephone (02405) 75151.

P. & P. 30p per order — overseas 90p. Matching 20p per pair
VAT 8% EXCEPT FOR ITEM" WHICH ARE 122 %.

RETURN
POST
SERVICE

PRICES CORRECT AT 31st JANUARY, 1977 ACCESS WELCOME
THYRISTORS CLOCK CHIPS DIODES
MM5314 4.25 BA145 0.14%
PVI 1A 3A 3A 4A 6A 8A 10A 15A 16A A el BA148 0.13%
TO5) (STUD) (C108) (TO220) (TO220) (TO220) (TO220) (TO48) (T0220) P BA155 0.13
200 035 050 045 040 058 060 068 1.14 Sk BA156 0.12
400 040 060 050 045 0.87 0.88 098 140 e BA157 0.22
600 0.65 0.85 0.70 - 1.09 119 126 1.80 v BA158 0.22
BA159 0.25
BT106 £1.00, BT107 £1.60, BT108 £1.60, BT109 £1.00, BT116 £1.00, 2N3525 £0.50 BY206 0.15
IC SOCKETS BY207 0.20%
8 pin 0.16 BYX36
TRIACS—Plastic T0-220 Package Isolated Tab 14pn  0.16 -300 0.12
sy 16pin .~ 0.18 600  0.15
aAa 6.5A 8.5A 10A 15A 24 pin 0.45 900 0.18
(a) (b) (@) (b) (@) (b) (@ (b) @ (b) 40pn  0.80 -1200 0.21
100V 060 060 070 070 0.78 0.78 0.83 0.83 1.01 1.01 BYX38
200V 064 064 075 075 087 087 087 087 117 117 -300 0.50
400V 077 078 080 083 087 101 113 119 170 1.74 REGULATORS 600  0.55~
600V 096 099 087 101 121 126 142 150 211 217 723 0.45 -900  0.60
7805 1.50 -1200 0.65
7812 1.50 BZX61
7815 1.50 series  0.20
7818 1.50 BZX83
TL 7400 LINEAR I.C.S. LM340-5 1.35 series  0.11
SERIES 301A 0.40% LM340-121.35 BZY88
307 0.55% 0 LM340-151.35 series  0.11
7400 0.16 7486 0.3z | 380 0.90* LM340-181.35 0A5  0.50%
7401 0.16 7489 2.92 | 381 1.60% 0A10  0.40
7402 0.16 7490AN  0.49 [ 3900 0.70% 0A85  0.12
7493 0.16 7491AN 0.65 | 709 0.27 OPTOELECTRONICS| 0A90  0.08
7404 0.18 7492 0.57 | 741 0.28 Displays 0A91  0.08
7405 0.18 7493 0.45 | 748 0.35 704 .99 0A200 0.09
7408 0.18 7494 0.85 [ NE555 0.45 707 0.99 INS14  0.04%
7409 0.18 7495 0.67 | NE565 2.00% 727 1.08 IN4001 0.04%
7410 0.16 7496 0.82 | NE566 1.50% 728 1.95 IN4002 0.05%
7412 0.25 74100 1.07 [ NES67 2.00% NEW 747 1.80 IN4003 0.06%
7413 0.25 74107 0.35 | CA3045 0.85% 750 1.80 IN4004 0.07%
7414 0.72 74121 0.34 | CA3046 0.50% CATALOGUE LED. IN4005 0.08%
7417 0.43 74122 0.47 | CA3130 0.79 20 2Red 013 IN4006 0.09%
7420 0.16 74123 0.40 | MC1303L 0.55% P 9 Green 0.20 IN4007 0.10%
7425 0.30 74141 0.78 | MC1304pP 1.60% 2 Clear 0.4 IN4148 0.04%
7427 0.48 74145 0.68 [ MC1307P 0.85%
7430 0.16 74154 1.62 m:gg?ﬁ :,-1,2:
7432 0.37 74164 0.93 -
Jaoe S 083 | Mci3sop 0.76% SPECIAL OFFER SECTION
7441AN  0.76 74174 1.00 | MC1353p 0.75 SG300K IATO35v €125  TIL209 Red Led 0.12  OCP71 £1.15
7442 0.65 74175 0.94 | MC1458P 0.77 NPN 70-3 POWER ITT BRANDED RECTIFIERS D04
7445 1.50 74180 1.06 | MC1496L 0.82% | TRANSISTORS TRANSISTORS PACKAGE
7447AN  0.81 74181 3.20 | TAA300 1.61 Fully tested but unmarked. Medium Voltage High
7448 0.81 74191 1.33 | TAA310A 1.38 Similar to 2N3055 except: Gain Type BSY65 10A 50V 0.40
7470 0.32 74192 1.35 | TAA550 0.45% | ByCED=50+ Similar to 10A 100v 0.45
7472 0.26 74193 1.35 | TAA611B12 1.25% | HFE (gain) = 20+ al 3A. BC107/8/9 10A 200V 0.50
7473 0.30 74194 1.20 | TAAB61 0.65 VCE SAT < 1.3V at 3A 25 pecs £1.20 100 10A 400v 0.60
7474 0.32 74196 1.84 | TBA530 1.85% 5 pcs £1.00 25 pes pes £3.50 Please specify Polarity
7475 0.47 TBA530Q 1.90% | £4.00 50 pcs £7.50 T0-3 HARDWARE Stud Cathode or Stud
7476 0.36 TBA560 2.80% 100 pes £13.00 Mica, Washers, Anode. Ideal for
7480 0.55 TBA570 0.98 Solder tag, Nuts, Power Supples,
7482 0.75 TCA270SQ 1.95% Bolts, 50 sets for 65p Inverters, etc
TRANSISTORS
BC171 0.12% BD183 0.97 BFY64 0.35 2N1306 0.35
AC126 0.15 BC1728B  0.12% BD184 1.20 BFY90 0.65 2N1307 0.35
AC127 0.16 BC182 0.11% BD232 0.60 BLY15A 2N1308  0.45
AC128 0.13 BC182L  0.12% BD233 0.48 BSX19 0.16 2N1309 045
AC128K  0.25 BC183 0.10% BD237 0.55 BSX20 0.18 2N1711 018
AC141 0.22 BC183L  0.10% 80238 0.60 BSX21 0.20 2N2102 0.44
ACI41K  0.34 .BC184 0.11% BD410 . 0.60 BSX76 0.30 2N2217  0.30
AC142 0.18 BC1B4L  0.12% BDX32 2.30 BSX77 0.30 2N2389 0.14
AC142K  0.28 BC186 0.20% BDY10 1.50 BSX78 0.35 2N2369A 0.14
AC176 0.16 BC187 0.24% BDY11 2.00 BSY52 0.36 2N2483.  0.20
AC176K  0.25 8C207B  0.12% BDY20 0.80 BSY53 0.39 2N2484  0.16
AC187 0.18 BC212 0.11% BDY38 0.60 BSY54 0.44 2N2646  0.50
AC187K  0.25 BC212L  0.12% BDY60 1.70 BSY55 0.74 2N2711  0.20
AC188 0.18 BC213 0.12% BDY61 1.65 BSYB5 0.30 2N2712  0.15
AC188K  0.25 8C213L  0.14% BDY62 1.15 BSY76 0.20 2N2904A 0.20
AD149  0.45 BC214 0.14% BDY95 214 BSY78 0.75 2N2905 0.18
AD161 0.35 BC214L  0.15% BF121 0.50 BSY95A  0.12 2N2905A 0.22
AD162 0.35 BC237 0.16% BF123 0.50 BU105 1.80% 2N2906 0.18
AF114 0.20 BC238 0.16% BF127 0.50 BU105/02 1.90% 2N2925  0.14%
AF115 0.20 8C300 0.34 BF157 0.50 BU108  3.00% 2N29260 0.09%
AF116 0.20 BC301 0.32 BF177 0.25 BU109  2.50% 2N2926R 0.10%
AF117 0.20 BC302 0.40 BF178 0.28 BU126 1.60% N2926Y 0.09%
AF118 0.50 BC303 0.46 BF179 0.30 BU133 1.60% 2N2926G 0.10%
AF124 0.25 BC307 0.15% BF180 0.30 BU204 1.60% 2N3053  0.15
AF125 0.25 BC308 0.16% BF181 0.30 BU205 1.90% 2N3055  0.50
AF126 0.25 BC309 0.18% BF182 0.30 BU206  2.40% 2N3133  0.30
AF139 0.35 BC310 0.20% BF183 0.30 BU208  2.60% 2N3134  0.30
AF239 0.37 BC317 0.12% BF184 0.20 MJ480  0.80 2N3137 110
AL102 0.95 BC319 0.13% BF185 0.20 MJ481 1.05 2N3440  0.56
AL103 0.93 BC320 0.18% BF194 0.10% MJ490  0.90 2N3442  1.20
AUT07  3.30% BC321 0.18% BF196 0.12% MJ491 1.15 2N3570  0.80
AUT10  1.75% BC323 0.60% BF197 0.12% MJE340  0.40% 2N3702  0.10%
AU113 1.60% BC327 0.18% BF200 .40 MJE520 0.45 2N3703 - 0.10%
BC107 0.09 BC328 0.16% BF218 0.30 MJE521  0.55 2N3704  0.10%
BC1078  0.09 BC337 0.17% BF219 0.30 0oca3 0.95 2N3705 0.10%
BC108 0.09 BC338 0.17%, BF220 0.28 0C44 0.32 2N3706  0.10%
BCi088  0.09 BC407 0.22% BF224J  0.18% ocas 0.32 2N3707  0.10%
BC109 0.09 BC408 0.22% BF244 0.17% 0C46 0.20 2N3708  0.09%
BC1098  0.09 BCY30 0.55 BF257 0.30 0C70 0.30 2N3709  0.08%
BC109C  0.12 BCY31 0.55 BF258 0.35 oc71 0.35 2N3710  0.10%
BC117 0.19% BCY32 0.60 BF259 0.48 0C72 0.22 2N3711  0.10%
BC119 0.25 BCY33 0.55 BF336 0.35% 0cs4 0.40 2N3715 115
BC125 0.18% BCY34 0.55 BF337 0.32% 0C139 1.30 2N3716  1.25
BC126 0.20% BCY38 0.50 BF338 0.45% 0C140 1.30 2N3771 = 1.60
BC140 0.32 BCY39 1.15 BFW30  0.06 0Cc170  0.23 2N3772  1.60
BC141 0.28 BCY40 0.75 BFW59 0.16 TIP29A 0.44% 2N3773 2.0
BC142 0.23 BCY42 0.30 BFW60 0.17 TIP30A 0.52% 2N3819  0.28%
BC143 0.23 BCY54 1.60 BFX29 0.26 TIP31A 054 2N3904  0.16%
BC144 0.30 BCY70 0.12 BFX30 0.30 TIP32A  0.64 2N3906 0.11%
BC147 0.09% BCY71 0.18 BFX84 0.23 TIPA1A  0.68 2N4123  0.14%
BC148 0.09% BCY72 0.12 BFX85 0.25 TIP42A 0.72 2N4124 0.14%
BC149 0.09% BD115 0.15 BFX86 0.25 2N404 0.0 2N4290  0.14%
BC152 0.25% BD131 0.36 BFX87 0.20 2N696 0.14 2N4291 0.14%
BC153 0.18% BD132  0.40 _BFX88 0.20 2N697 0.12 2N4292  0.14%
BC157 0.09% BD135  0.36% BFX89 0.90 2N706  0.10 2N4347 110
BC158 0.09% BD136 0.39% BFY11 1.10 2N718 0.22 2N4348 1.20
BC159 0.09% BD137 0.40% BFY18 0.50 2N929 0.14 2N4870 0.35%
BC160 0.32 BD138  0.48x BFY40 0.50 2N1131 0.8 2N4871  0.35%
BC161 0.38 BD139 ©  0.58% BFY41 0.60 2N1132  0.16 2N4918  0.60%
BC168 0.09% BD144 2.20 BFY50 0.20 2N1302  0.25 2N4919  0.70%
BC169 0.12% BD157  0.60 BFY51 0.18 2N1303  0.27 2N4920  0.50%
BC169C 0.14% BD181 0.86 BFY52 0.19 2N1304 0.45 2N4922 0.58%
BC170B  0.12% BD182 0.92 BFY53 0.25 2N1305- 0.24 2N4923  0.46%
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BUILD THE

TREASURE |

TRACER
MK Il

L METAL
LOCATOR

AS SEEN
ON BBC-1
& BBC-2

TV

‘Genuine

sificbn transistor ircuit,

® does not need a tramsistor radio to
bperate. e !

/ e Incerporates unique varicap tuning §

‘ for extra stability.

B Search head' fitted with Faraday
screen to eliminate capacitive
effects.

e Loudspeaker orearphone operation
(both supplied).

o Britain’s best selling metal locator
kit. 4,000 already sold.

Kit can be built in two hours using

only soldering iron, screwdriver,

pliers and side-cutters. - 3

e Excellent sensitivity and stability.

Kit absolutely complete including

drilled, tinned, fibreglass p.c. board

with components siting printed

on.

‘Complete after sales service. 3

-3 Weighs only 220z; handle knocks
down to 17 for transport. =

Send stamped, self-addressed en-
‘velope for literature. :

£14.75

Plus £1.00 P&P
Plus £1.18 VAT (8%)
uilt, tested

and timmes £.19, 75

Plus £1.00 P&P
Plus £1.58 VAT (8%)

‘Complete kit
with pre-built'

MINIKITS ELECTRONICS,

[ 6d Cleveland Road, South Woodfor
LONDON E18 2AN

(Mail order only)
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