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Description

General.

The Electronic Voltmeter Type 2409/2416 is designed for AC voltage measure-
menis in the frequency range 2 Hz (c¢/s) to 200000 Hz (c/s), with voltage
ranges from 10 mV full scale deflection to looo volts full scale deflection in
10 dB steps. It is available in a poriable form, illustrated on the front cover
of this book (Type 2409) and also as Type 2416, shown below, which is suit-
able for mounting in a standard 19" rack.

Types 2409 and 2416 are electrically identical, so for the sake of brevity, the
lype number 2409 will be used in most parts of this manual as being
representative of both forms of the voltmeter.

Fig. 1. Electronic Voltmeter Type 2416.

A Lwo stage amplifier is followed by rectifying circuils for RMS, average,
and peak measurements, and a moving coil meter. Two different degrees of
damping can be selected for the meter so that clear and accurate readings
can be oblained Lhroughout the frequency range. The amplifier is provided
with an output jack making it possible to use the instrument as a calibrated
amplifier having a maximum gain of 60 dB (i.e. looo times).

Amplifier and Meter Circuit.
The screened input socket is connected to an attenuator circuit containing

10 steps of 10 dB. The eleven measuring ranges are designed to give full
deflection for the following voliages: 10 mV, 31.5 mV, 100 mV, 315 mV, 1 V,



3.15 V, 10 V, 315 V,_ 100 V, 315 V, and looo V. The attenuator is divided into
two sections, one of which contains two steps of 40 dB, the other one
containing three steps of 10 dB. Botlh sections are operated by means of a
single switch on the front plate of the apparatus.

A cathode follower stage is inserted between the two attenuator sections in
order to obtain a high input impedance. The input impedance is 10 M
parallel to 20 pF. A series capacitor in the grid circuit of the cathode
follower protects the Voltmeter against DC voltages.

Rectif.
circuits.

Al S S A cleles  s—

Cathode-
Follower

Cathede
Follower

2-stage
Amplifier

HE
g

r____
!
|10
a
g
2
G

Fig. 2. Block diagram of Type 2409.

From the attenuator the signal is fed to a two stage amplifier, consisting
of a triode and a pentode, and followed by a cathode follower providing a
low output impedance for the meter circuit as well as the output jack. The
amplifier is R-C coupled and by means of a potentiometer the amount of
negative feedback, and thereby the sensitivity of the instrument, can be
varied. The sensitivity potentiometer is accessible through a hole in the back
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Fig. 3. Typical frequency response of the Electronic Voltmeter Type 2409.



plate of the 2409 or through the front plate of the 2416. It is adjusted with
the aid of a screwdriver.
A second feedback circuit gives the voltmeter a sharp cut-off just below 2 Hz
(c/s). The signal from the output cathode follower is fed to the meter circuit
and also to an output jack making it possible to use the instrument as an
amplifier. The maximum amplification is 1ooo, i.e. 60 dB, and the output
impedance is approximately 50 ohms in series with 25 uF, Qutput voltages up
lo 30 volts are available without noticeable distortion (less than 1 %). As the
meter has full scale deflection for 10 volts output, the METER SWITCH may
be turned to its “Off” position when output voltages higher than 10 volts are
desired.
The meter circuit consists of a full wave bridge rectifier, various rectifying
circuits and a moving coil meter.
By means of the METER SWITCH it is possible to choose between the three
different measuring characteristics, which provide for readings of the follow-
ing quantities (explained in Appendix D): |

True RMS

Peak,

or Average Absolute

values of the alternating input voltage.

The true RMS value of signals with crest factors up to 5 (14 dB) can be
measured to within &= 6 % (2= 0.5 dB) of the theoretically correct value.

The peak rectifier circuit is designed to measure half the peak-to-peak value
of the input signal. This should be borne in mind when peak measurements
are carried out on unsymmetrically shaped signals.

Two different meter damping characteristics can be selected. The one
normally used, low damping, is in accordance with the American Standard
for “vu” measurements {Appendix A). The other provides heavier damping
for low frequency work, below 40 Hz (c/s), where the pointer would other-
wise fluctuate or the indicated value would be too low.

The moving coil meter itself is illuminated and the scale is graduated in
volts from 0 to 10 V and from 0 to 81.5 V as well as in dB from 0 to 20 dB
re. 1 volt and furthermore in dbm, which is here defined as dB re. 0.775 volts
(1 mW in 600 ohms).

In order to check and correct the sensitivity of the instrument a reference
circuit is built in. When the input attenuator knob on the front plate is
turned to its extreme clockwise position, a reference voltage is fed to the
grid of the input cathode follower. The reference voliage is developed across
a zener-diode, whereby the waveform becomes an approximated square wave.
As the wave form is not a pure square wave, the deflection on the meter will
be different for different positions of the METER SWITCH. The red mark
(8 V) on the scale, which is used for reference, is the value to which the
meter pointer should deflect, when the METER SWITCH is in position
"RMS”. The meter damping has no influence on the reference point.



Power Supply.

The Elecironic Volimeter can be operated from power lines supplying 100 —
115 — 127 — 150 — 220 or 240 volts and at frequencies from 50 to 400 Hz (c/s)
not DC. The power consumption is about 28 watts,

The instrument is protccted by a fuse in the primary side of the power
transformer. The fuse holder is combined with the voltage selector at the
back of the instrument. To set the voltmeter to the correct supply voltage,
unscrew and withdraw the cariridge fuse and then, with the aid of a coin,
turn the selector until the white bar is in the desired position. Replace the
fuse.



Control Knobs, Sockets etc.
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Fig. 4. Front View of the Electronic Voltmeter Type 2409.

RANGE SWITCH;: Calibrated attenuator: 10 dB steps. It is also the
On/Off control for the 2409, but not for the 2416
which has a separate toggle switch.

METER SWITCH: For selection of the three different meter indicating
properties
“Average’
“Peak” (half peak to peak)
“RMS”
The three positions to the left give the smaller
damping of the indicating meter designated either



INPUT and OUTPUT:

SENSITIVITY
ADJUSTMENT:

Fuse and Mains
Voltage Selector:

“Low Damping” or “va Damping”.

The positions to the right give the higher damping
or “Slow” response. In the middle position “Off.”,
the meter circuit is disconnected.

The screened sockets take standard B & K coaxial
plugs JP 0018. The chassis side is also connected
to 4 mm sockets so that pairs of banana plugs can
be used instead.

In the case of the 2416 input and output are
provided at the back of the instrument as well as
on the front plate. The chassis and all sockets are
isolated from the front plate, which is likely to be
grounded by the rack.

Poten{iometer turned with a screw-driver. Access-
ible from the rear of the 2409 and from the front
of the 2416.

Fuse in circuit with primary of mains transformer
(1 amp.).

Voltage selector, for setting apparatus to various
mains voltages.




Operation

Procedure.

1.

Make sure that the apparatus is adjusted to the appropriate mains
voltage. If not, turn the voltage adjustment switch at the back until the
correct voltage is indicated (see page 6).

Connect the instrument to the power line by means of the power cable.
Rotate the RANGE SWITCH on the front plate to its “Ref.” position.

With the 2416, flick the toggle switch to “On”.

Allow 1-—2 minutes warm-up time. (When very accurate measurements
are carried out, the instrument should be allowed to warm-up for about

15 minutes).

When Used as Voltmeter.
[tems 1 to 4, then

5.

Set the METER SWITCH to “RMS” — “Low (or “vu”}) Damping”.

6. Check that the meter pointer deflects to the red mark on the scale

8.

(8 volts). If not, adjust the sensitivity potentiometer until the meter
pointer deflects to the red mark (8 volts).

Turn the METER SWITCH to the desired rectifier characteristic. When
measuring low frequency signals {below 40 Hz (c¢/s}) the high damping
(“Slow”’} should be used.

Turn the range switch to a suitable range.
The instrument is now ready for use.

Unlike ordinary passive voltmeters the input impedance is almost unaffected
by the range setting, but note that the impedance between the points under
investigation should be small compared with 10 M, i.e. 100 k&2 or less.
Some of the complications which may arise are discussed in Appendices
B and C.

When Used as a Calibrated Amplifier.
[tems 1 to 4, then

9.

10.
11.

Connect the centre of the input socket to the centre of the output socket
via a short lead.

Set the RANGE SWITCH to 0 dB.

Rotate the sensitivity adjustment until the amplifier just starts oscillat-
ing. This is indicated on the meter as the point where the meter pointer
suddenly moves from a position slightly above zero to full deflection.



12. After removing the short lead, the amplifier is ready for use and the
attenuator scale can be used for reference, i.e. when the attenuator
switch is set to — 10 dB, the amplification is 10 dB (or 3.2 times), when
the attenuator switch is set to — 20 dB, the amplification is 20 dB (10
times) etc.

N.B. Do not forget to set up the instrument as a voltmeter before using
it again for that purpose.

The source feeding this amplifier should have an impedance of less than
100 kQ, and the amplifier output should look into an impedance of at least
5 k&2, preferably resistive. The load impedance should normally be more
than 50 k{2 if the meter is in circuit,

When Used as a Volume Indicator.
[tems 1 to 4, then

13. Switch the METER SWITCH to “vu damping” (low dampingj, “Average’,
and the attenuator switch to its “Ref.” position.

14, Adjust the sensitivity potentiometer until the meter pointer deflects to
the reference mark to the “dBm” scale.

5. Turn the range switch to a suitable range and make the measurements,
consulting Appendix A.
N.B. All vu measurements must be made with the meter switch in the
“Average” position.

Correct Voltage Levels.

The problem of characterizing the magnitude of a varying signal by the most
informative figure is not as simple as one would suppose. To derive ihe
maximum benefit from this versatile instrument the terms “RMS”,
“Average”, and “Peak” should be fully understood and to assist those who
are not clear, the quantities are explained in an appendix.

The following practical points must be borne in mind:

RMS Measurements.

The circuit is developed to measure the RMS value of signals with crest
factors fe as high as 5, which as exemplified by Fig. b is adequate even for
most pulse work within the frequency range of the Instrument.

Vpaﬂ:

fe
Vrmﬂ __ 5

However, the maximum current which can be drawn from the amplifier is
8 mA, and since the rectifier circuit represents a load of 5 k&2, the amplifier
peak output voltage should not exceed

5 k{2 X 8 mA = 40 volis.

10



Therefore the highest deflection for RMS values of the meter pointer when
measuring signals with crest factors 5, should not exceed

Veme = Voo _ 450 = 8 Volts

fe

For full deflection the crest faclor f. should not exceed:—

40
fe—m—-li

since the meter itself has 10 Volts full scale deflection regardless of range
setting.

The high frequency limit of the instrument may be important when measur-
ing signals with many significant harmonics.

Average Measurements.
Care should be taken not to overdrive the amplifiers when measuring the

average value of a complex signal which has high peaks. It is therefore
necessary to know the highest peaks, positive or negative, which occur in the
measured signal. By using the two factors, crest factor f. and form factor fe,

. Vpnnk f Vrmﬂ
o VﬂnE y

the peak value of the signal may be calculated*), provided the average value
(read on the meter) and the two factors are known.

V:p-nt = fn X ff X Vn'aﬂ:-
As the 40 Volts peak should not be exceeded, when the meter pointer gives
full deflection for average value, the highest permissible value for

40
fu X f'! — 10 — 4.
If the meter pointer has not full deflection, the product fo X ft could be

proportionately higher.

" | ]

fe

o Vnrerlgn

o=

Zero line time ——»
L&EO229

Fig. 5. Example of unsymmetrical signal with a crest factor of
approximately 5.

*) The objection to taking a simple peak measurement (q.v.) here is that it is the half
peak-to-peak value which is read.

11



When measuring signals with many significant harmonics, i.e. pulses, the
amplifier limiting at high frequency should be remembered.

Peak Measurements.

The meter deflection correspends to the half peak-to-peak value of the
signal. This should be taken into account when the input signal is not
symmetrical, because the peak value read on the meter is not then the
maximum that occurs.

The peak meter is calibrated for signals of crest factor 1.41. With signals
of other crest factors there will be small deviations — within the specified
2 % tolerance —, as mentioned in Appendix D.

When measuring complex signals, not only must the attenuation of
harmonics outside the frequency range be considered as with RMS and
Average readings, but also phase distortion within the frequency range may
be significant. See Appendix C.

Calibrated Amplifier.

As stated earlier, when the meter networks are in circuit ithe amplifier
output voltage must not exceed 40 volts peak owing (o current limiting.
These networks can be disconuected by turning the METER SWITCH to
“Off”, but even assuming that there is then no load on the amplifier, the peak
output should not be more than 45 volts or overdriving will result. Keeping
distortion below 1 %, the maximum RMS value of a sine wave (crest
factor 1.41) which the amplifier can handle is about 30 volts, or somewhat
less if the meter is in circuit.

The maximum permissible output current is 8 mA, so even when the meter
circuits are switched ouf, any external impedance across the output must
be greater than 5 k{2 or the full voltage range cannot be used.

When the meter is in use the external impedance must be 50 k& or more
iIf high peak voltages are present.

The meter is totally protected against overload, so provided the amplifier
is correctly used, there is no objection to the pointer exceeding full scale.
Phase distortion as described in Appendix C, will influence the output
waveform for complex signals. The phase-frequency response for the ampli-
fier is given in Fig. 14,

As far as possible, capacitive loading of the amplifier should he avoided
because this has an adverse effect on the operation of the ouiput stage.

12



Some Applications

[n addition to straightforward current measurements, for which external
shunts are required, and voliage measurements, this versatile instrument
can be used in conjunction with an oscillator to form an excellent laboratory
test system, The B & K Beat Frequency Oscillators

Type 1013 200 Hz (c¢/s)—200 kHz (kc/s),

Type 1022 20 Hz {c¢/s}— 20 kHz (kc/s),

Type 1017 2 Hz (¢/s)— 2 kHz (ke/s).
between them cover the frequency range of the 2409 and make possible the
measurement of, for example, the following:

[mpedance, Inductance, or Capacitance.

For the measurement of the numerical value of the impedance as well as
the phase angle, the bridge arrangement shown in Fig. 6 may be employed.
Using the Electronic Voltmeter for indication, the resistor R is adjusted till
the voltage across ab is equal to the voltage across ac. Then the numerical
value of the unknown impedance, z, is equal to the resistance R.

453134

Fig. 6. Measuring arrangement for impedance and phase angle measurements.

When measuring the voltage across ad and the voltage across bd, the phase
angle @ of the impedance z can be calculated from the eguation: ian @/2 =

acl
bd
1
If t i , 1 ' =
f there is a condenser at Z, its capacitance C 2 7 f R
where f = frequency in ¢/s. If Z is due to an inductance, L = DY i ;

13



Amplification and Frequency Response.

The frequency response of a four-terminal network can be checked when
an arrangement as shown in Fig. 7 is used. The resistors Ri and R, should
match the input and output impedance of the network under test.

By reading the two values off the voltmeter dB-scale in connection with the
dB-scale of the calibrated attenuator, the input and output voltage is ex-
pressed in dB above 1 volt. By subiracting the input value from the output
value, the amplification (or attenuation) is found directly in dB.

#58132

Fig. 7. Measurement of amplification and frequency response of amplifiers,
filters etc.

Distortion.
The non-linear distortion in four-terminal networks is normally expressed

by the formula:

> 2 4. A2 4 . /A0 4 Aa2 + A2 + .-
1 — 100 '/!?.2_ + Az Ag? + ) Ao - A3 4

G ~ 100
A2 + A% + A32+---% Ay
Since the 2409 is a true R.M.S. reading instrument, it can, in conjunction with
the Frequency and Distortion Measuring Bridge Type 1607, give an accurate
value for d.

56173

Fig. 8. Measuring arrangement for dislortion measurements.

14



The 1607 is basically a variable blocking network, with which any frequency
in the range 20 Hz (c¢/s) to 20000 Hz (¢/s) can be attenuated by more than
80 dB.

The complete output signal from the network under test should first be fed
to the Electronic Voltmeter Type 2409, and the amplification adjusted until
the meter pointer gives maximum deflection on the meter (10 on scale). The
measuring frequency is then rejected by the 1607, and the reading on the
Electronic Voltmeter is now the factor d %. Note: The METER SWITCH on
Type 2409 must be switched to measure the RMS value of the signal.

The Quality Factor of Inductances.

Iig. 9 shows how the Q of a self-inductance can be measured with the
Electronic Voltmeter Type 2409. With the aid of a low-loss capacitor C the
measuring circuit is brought into resonance at the measuring frequency

used. The ratio of the two voltages, measured in the two positions of the

: : : \4 . .y
switch, is the desired Q-value; Q =-2. It is a condition that Q X 1

V1 2 nfC
< 10 M.

Fig. 9. Measurement of quality-factor of inductances.

15



Appendix A

VU Measurements.

The Electronic Voltmeter Type 2409 can be used as a “volume unit” (vu]
indicator. “Volume”, which is defined as “the dynamic magnitude of com-
plex audio-frequency electrical waves such as occur in speech and music”,
can be measured by reading off the dBm-scale directly. With the range
switch in position 0 dB/i0 V, ad deflection of 0 dBm corresponds to 0 wvu,
which is equal to a power level of 1 mWatt developed in a resistance of
600 ohms, the voltage reference thereby being 0.775 volts.

When the range switch is turned to any other position, the indicated
attenuation in dB should be added to the value read off on the meter dbm-
scale in order to give the level in vu. The level which for this instrument
can range from — 60 to + 62 dBm, is numerically equal to the number of
decibels which express the ratio of the magnitude of the waves to the
magnitude of the above reference volume.

The 2409 has two different meter damping characteristics. When the METER
SWITCH is set to “VU Damping” (low damping) and “Average”, the damping
and rectifier characteristics are in accordance with the standards for vu-
measurements as specified in A.S.A. C. 16.5.-1954,

As the standards require an instrument which is calibrated in RMS-values
and which has rectifier characteristics corresponding 1o those used for the
measurement of arithmetic average values, a special calibration mark on
the dbm-scale is provided. For vu-measurements the sensitivity should thus
be adjusted till the meter pointer deflects to the red mark on the dBm-scale,
when the range switch is in its ref. position, and METER SWITCH set to
“Average”, vu,

The correct vu reading is determined as the “greatest deflection occuring in
a period of about a minule for program waves, or a shorter period (e.g. 5 to
10 seconds} for message telephone speech waves, excluding not more than
one or two occasional deflections of unusual amplitude”.

To measure the power level of a transmission line the instrument is con-
nected directly across the line, and the level can be read off the dBm-scale,
provided that the characteristic impedance of the line is 600 ohms¥).
Often the instrument is used for measurements on lines with an impedance
different from 600 ohms. In such cases the reading obtained on the dbm-
scale no longer represents the power level in dbm, but is the voltage level
in dB above 0.775 volis, and should be referred to as “dB re. 0.775 volts”.

*) For symmetrical input, use Transformer TI 0001, see page 18.
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Appendix B

Practical Considerations.

The use of the voltmeter is normally perfectly straightforward, especially at
“everyday” voltage levels, but minor difficulties may arise in certain applica-
tions. It is impossible to generalise and to solve all such snags with the help
of wrilten instructions, but the user may have to consider some of the
following points.

Grounds and Ground-Loops.

In common with most mains operated equipment, there is a small capacitive
path to ground, which may result in a certain amount of noise pick-up. This
pick-up can be greatly reduced by grounding the chassis side of the input
directly. However, remember that by doing this a ground loop can be formed
via other grounds in the system being investigated.

To be sure of what is being measured it is usually wise to use two test leads
and not to rely on a ground return in which there may be injected E.M.F.s

Equipment Bei
Investigoted "

Flux cutting loops

Equipment Being
Investigated

Screened Lead

O~ =

’ -

Fig. 10. When measuring small signals, use screened leads (bottom picture’

and try to avoid ground loops. An arrangement such as that in the top picture

is inherently un-sound but is particularly bad practice when using a high
impedance instrument like the 2409/2416.
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from unexpected sources. By allering the position of the grounds, and being
carcful in the lay-oul of leads, using screened cable wherever possible, an
optimal solution can be Tound.

Do not forget that the steel case of the 2409 (not the 2416) is connected
directly to the chassis, and although the instrument stands on rubber feel,
it 18 possible to inadvertently introduce an exira ground path if the case
15 close to a melal structure.

This last fact 1s important, not only from the measurement, but also from
lhe safety poini of view when checking the voliage across two terminals
which are both at some DG potential with respect to ground. The 2416
presenls no difficulties here, but when investigating, for example, the anode
circuits of a power amplificr, both test leads for a 2409 should be in series
wilh a capacilor having an impedance which is very small compared with
10 ML2 at the frequency concerned.

Transformers.

Oflen one solulion 1o ground loop problems is to use an isolating trans-
former, an accessory which is essential in measuring arrangements having
incompatible grounding requirements, for instance bridge circuils such as
lhat shaoawn in I'ig. 6.

The B & K Input Transformer TI0001 is particularly useful in conjunction
with the Electronic Vollmeler, not only for ordinary isolation purposes but
also because it provides an input which is symmetrical with respect to
ground. The transformer has two input impedances, 20 k£2 and 600 £2, which
are selected by a swileh INPUT IMP, In a third position of the swilch the
middle point of the INPUT is connecied 1o the casing. See Fig. 11.

'3 _lnthdI

Adyust- { Ext Load

Input Fmp
| Tonn
O—ﬁf"oﬂiﬂﬁn. Cutput
&—l—l_

70A w

e j -

O + r ] mcass

Fig. 11. The B& K Input Transformer T10001.

| et

To ensure correcl loading (15—25 ki2) on the transformer secondary, the
“Internal Load™ must be switched in and the special screenced cable AO 0018,
which has a capacity of 26 pF, should form the link lo the voltmeter.
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If there is a DC component in the signal to be measured, protect the primary
of the transformer with a series capacitor of about 1 uF in the input leads.
(See Fig. 13).

100 fredi ity d
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ol s ] i _ |1 L . [ , !
W 20 5000200 o5 2000 o "2 50 M0 s K IKws 2K
Frequenty —= """ Frequancy —w

Fig. 12.
a) Maximum input voltage to the Input Transformer T10001. At low fre-
quencies the limit is Veae = 1.6 f (or 0.8 f for less than 1 % distortion).
b) Input impedance of the Transformer TI10001 at various frequencies.
(Typical curve for 0.8 V input voltuge).

270

Degree
Phaote

Ghitt : : 4 - - .
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Fig, 13. Typical [requency and phase characteristics of the Input Transformer

I'1 0001, The top graph also shows (broken line) the tolerance of =+ 2 % on

the transformer ratio of 1:1. The phase curve refers to a direct input with no
I}.C.-blocking condensers.

Suppression of Unwanfed Fregquencies.

Somelimes the signal being investigated is accompanied by a considerable
amount of noise or by other signals which are not of immediale interest. In
such cases the Electronic Volimeter, which responds equally to all fre-
quencies within a wide range, will give a reading which does not specifically
refer to the problem being studied. It is then necessary to add an external
filter on the input which, in the case of a simple passive network, will have
a much lower input impedance that has the Voltmeter itself, if there is to be
no adverse effect on readirg accuracy.
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Appendix C

Influence of Phase Distortion on Complex Signals.

Amplifiers will always inlroduce a greater or lesser degree of phase shift
at their low and high frequency limits. The shift will normally become
perceptible about a decade higher than the lower frequency limit and aboul
a decade lower than the higher frequency limil. Sce IFig. 14 below.
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Fig. 14. Typical phase-frequency response for the Electranic Volimeter I'ype
2409/2416. At low frequencies the phase shift is somewhat dependent upon
the METER SWITCH setting, and at high frequencies, upon METFER RANGE.

The phase shift of an amplifier has no influence on the majority of its
applications as long as the signal is a pure sine wave or pure sine waves
with no phase relation, in other words, when the distinct frequencies do
not comprise the harmonics of a signal. If such a signal is rectified and
applied to an indicating circuit meuasuring truc RMS, Average, or half
Peak-to-peak values of the signal, any possible phase distorlion will have no
influence on the measured result. On the other hand, if the applied signal has
a complex periodic character and thus contains harmonics with a certain
phase relationship (as is the case, for example, with a square-wave or
triangular signal), the signal shape will be distorted when freated in amn
amplifier with frequency-dependent phase shift, However, the number of
harmonics and their original amplitudes are unchanged in the phase
distorted signal, presuming that the amphtude-frequency characteristic of
the circuit is practically straight in the range of the signal frequency com-
ponents. The following should be noted when a signal containing harmonics
Is applied to a rectifier circuil which deleels true RMS, average, or half
peak-to-peak:—
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Measuring RMS: This is by far the most important in the majority of in-
vestigations. When using this characteristic of the indicating circuit, the
phase reclationship of the different componenis in the signal has no influence.
Thercfore, by measuring a phase distorted signal with an RMS indieating
circuit, the same value will he read as for the undistorted signal.

Measuring Average: In this case, if there is phase distortion, the vulue of the
signal deviales from that of the original signal.

Mcasuring Peak: When ulilizing Lhe half peak-to-peak property of the in-
dicating circuit a considerable deviation from the original value is measure-
able when the signal is phase distorted.

Experimental Results Using the 2409/2416.

A symmelrical square wave signal was applied to the voltmeter. The actual
PPeak, Average, and RMS value (all equal in this case) was known so that
any deviations in mecler reading could be seen immedialely.

As expected, the RBMS indication remained constant excepl at high funda-
menlal frequencies ol the square wave, where the harmonies lay ontside
the amplifier's frequency range and were altenualed. The Average reading
was affected by up to 25 % (1 or 2 dB) at the extreme ends of the frequency
range, but the Peak reading doubled (deviated by about 6 dB) at 2 Hz (c/s).
I'ig. 15 shows the waveforms as measurced at the oulput jack, As would be
expecled from Fig. U1 the shapes are almost imdependent of Voltmeter
knob seltings. [Assuming salisfactory signal levels).

a) Fundamental frequency 2 Hz
(c/s), the lower limit of the voli-

meter's frequency range. The har-
monics are phase lagged with re- a
spect 1o the fundamental, causing
phase dislortion.

b} 50 Hz (¢/s). Very little distortion.

c) 1 kliz (ke/s). Undistoried.

d) 100 kHz (ke/s}). The harmonics
are phase shifted wilh respect to
the fundamental and also attenuat-
ecd somewhat,

hriM

e) 200 kHz (kc/s}, the upper fre-
quency limit for the voltmeter. The
harmonics are almost completely re-
jected Dbecause of the high fre-
quency cut- off, leaving only the
fundamenlal sine wave.

Fig. 15. Oscilloscope photographs

of the waveform at the output jack

when a square wave (s applied to

the amplifier input.

a) 2 Iz (cls). b) 50 Hz (cls).

c) 1 kHz (kc/s). d) 100 kHz (kcls).
e) 200 kHz (kels).
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Appendix D

Measuring Alternating Signals.

Measurements of the instantaneous values of an alternating voltage are not
very instructive and in any case are usually impossible to obtain. A measur-
ing instrument must be designed to take an “overall view”, smoothing out
the waveform variations, but yet it must respond to changes in the effective
value of the signal. The instrument in effect samples the levels of a varying
signal V{t) during a time interval T (between t; and t2) which is sufficiently
long so that if a slightly different value of T is used, the same meter reading
results. At the same time, T is short enough to allow the pointer to respond
to changes in overall level.

The three quantities which are most commonly used to characterise the
magnitude of such a signal are

Peak Value,
Vp=V max, (t) during T;................ 1.
Average Absolute Value,
1 b
Va=— S Vit dt,.............. 2.

referred to as “Average” value;
or RMS Value,

/.

Fig. 16. Example of a periodic signal with indication of the Peak, RMS,
and Average values of the voltage.
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Which of these should be used, V;, Vi or Vaus, depends upon circumstances.
The peak value is particularly useful when dealing with limiting in non-
linear circuits, and the average value is of interest in many investigations,
especially those concerned with mechanical forces, perhaps of electro-
magnetic origin. The RMS value is the most commonly used, in fact it is
the quantity normally given unless otherwise stated. It is of great significance
because the power dissipated in linear systems depends directly on this
value.

Fig. 16 indicates all these quantities for a general waveform.

The crest factor is defined as:

Vpalt
fu =
Vrm!
and the form factor:
Vrmﬂ
f: =
‘ VITETIEI

From these expressions it is readily seen that the crest factor of sharp
periodic pulses must be high, while the crest factor, as well as the form
factor for an ideal square-wave is exactly 1. It is thus possible, in some
cases, by measuring the crest factor and the form factor to obtain a rough
picture of the signal wave shape.

Since the RMS value is the quantity which is usually required, it has
become common practice to calibrate meters to indicate RMS, even though
the instrument actually measures the average or peak value, This is justified
for sinusoidal signals because the crest factor and the form factor have
fixed values, but if an RMS indication is wanted for other waveforms

461322

Fig. 17. Schematic diagram of Average rectifier.

where fe and f; vary, the instrument must really measure RMS values.

The Elecironic Volimeter Type 2409/2416 does give a true RMS indication
as well as making Average and Peak measurements.

The Average rectifier circuit is shown schematically in Fig. 17. The operation
of the average circuit is understood most easily by considering the
mathematical expression for the components of any rectified waveform. The
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60228

Fig. 18. The circuit used to obtain Peak indicalion.

meter itself is insensitive to all the alternating components, but responds to
the steady component, which is exactly as given in equation 2.

To enable the full-wave Peak rectifier to offer maximum accuracy with
many different unsymmetrical signals, the amplifier output is fed to the
bridge via a capacitor Cj. {See Fig. 18). By doing this, C2 always sees a
virtually symmetrical signal (rectified), and is thus charged up*} to half the
peak-to-peak voltage. Cz2 can only discharge through the meter movement
and the time constant R2C2 i1s long compared with the signal period. The

A Instantaneous
Charging
Current

1/2 Scale
Deflection

1/4 Scale \

D_efl.ect ion

\

Full Scale

Deflection
: ; $62356
1) -
Instantaneous
Input ~Voltage

Fig. 19. Ideal RMS rectifier characteristics.

*) In the case of rectangular pulses, the whole cycle is useful and there is no *“dead-time”’.
Dead-time has an adverse effect on accuracy.
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reading error is a function of the signal waveform and of the ratio between
Rz and Rj. Ideally, Rz should be infinite, and Ry zero. In pracitce, szﬂl is
large enough to ensure that Peak readings on periodic waves are within
2 %, even for crest factors of 5, the instrument being calibrated at one crest
factor only (1.41).

The RMS arrangement is similar to the Peak circuit in as much as the
meter itself measures the current drain from a condenser which has the
charge so lost replenished from the signal feeding the rectifier. The
difference lies in the special manner in which the condenser is charged by
this input. It can be shown that for a certain RMS value, i.e. a fixed meter
reading, the instantaneous input voltage {which varies from zero to perhaps
several times the RMS voltage) should theoretically have a parabolic relation-
ship with the charging current. Furthermore, there should be a particular
parabola for each RMS reading: Fig. 19 gives some examples.

This form of characteristic is realised in practice by the mserhnn of a
non-linear element {Figs. 20 and 21).

161867

Fig. 20. Schematic diagram of the RMS rectifier circuit having characteristics
of the type shown in Fig. 21.

This circuit can correctly handle signals with crest factors as high as 5,
which covers most waveforms likely to be met in practice, including pulses
as “spikey” as those shown in Fig. 5, and also random noise. Theoretically,
random noise has an infinite crest factor, but almost no error is introduced
by taking the crest factor to be 3, because the probability of occurrence of
the higher peaks is so small that their energy contribution is insignificant.

For Average, Peak, or RMS measurements at lower frequencies it is im-
portant to select the correct meter circuit time constant, or damping
characteristic. Not only is it hard to read a fluctuating pointer, but at
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20 Hz (¢/s) or so, where the poinier is almost stationary, the lower of the two
dampings (shorler time constants) will give rise to loo low a reading. Above
10 Hz (c/s} the lower damping gives accurate resulls, and has the advanlage
that the poimnter can easily follow changes in level.

Fig. 21. Oscilloscaope photograph of the B& A True RMS rectifier character-
istics as used in the Electronic Voltmeter Type 2409/2416. The same
quantitics are traced as in Fiy. 19,
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Frequency Response:

Voltage Ranges:

Input Impedance:

Meter Indieation:

Accuraey:

Meter Damping:

Stability:

Sensitivity
Adjustment:

Scales:

Specification

Linear to within 2% (=% 0.2 dB) RMS from 2 Hz
(c/s) to 200000 Hz {c/s).

Full deflection for 10 — 31.5 — 100 and 315 mV
and for 1 — 3.15 — 10 — 31.6 — 100 — 315 and
looo volts.

10 M2 paralleled by 20 uuF.

The instrument can be switched to read
Peak (half peak-to-peak),
Average Absolute,
or True RMS values.

Attenuator, better than 2 % at looo Hz {c/s).

Meter scale, better than 1 % of full scale deflection.
Peak rectifier circuit, 2 9, of the read value.
Average rectifier circuit, = 1 % of the read value.

RMS rectifier circuit, * 6 % for crest factors up
lo 5. Probable error for most common waveforms,
4+ 2 %7, Calibrated on sine waves.

Two characteristics.

Low damping, in accordance with the standards for
“vu” measurements. High damping for measure-
ment at low frequences.

Instrument stabilized to compensate for line voltage
variations. For a 10 % variation in line voltage
the meter deflection will change less than 2 9%.

Simple pre-set potentiometer, externally accessible.
Built in reference voltage which alters less than
0.5 % for a line voltage variation of 10 %.

Illuminated and graduated in volts from 0 to 10 V
and from 0 to 31.56 V. Also in dB above 1 volt
(0—20 dB) and in dBm, which is here defined as
dB re. 0.775 V (0—22.2 dBm).
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Gain:

Output Impedance:
Output Current:
Distortion:

Hum and Noise:

Power Supply:

Dimensions:

Weight:

28

0.01 to looo times, (—40 to + 60 dB in 10 dB
steps.) :
Approx. 50 ohms in series with 25 uF.

8 mA max from amplifier.
Less than 0.2 % with an output voltage of 10 Volts.

With open circuit input and maximum amplifica-
lion the hum and noise level is equivalent to less
than 100 uvolts at the input terminals, and it is
equivalent to less than 20 wvolts with short cir-
cuited input terminals.

100 — 1156 — 127 — 150 — 220 — 240 Volis,
Frequency 50—400 Hz (c/s).
Consumption 28 W approx.

2409 2416
Height 107 (26 cm) 7”7 (18 cm)
Width 77 (18 cm) 19”7 (48 cm)
Depth 5 (13 cm) 5% ” (14 cm)
(Excluding dials and knobsi.

2409 2416
Lbs. 10 16
Kg 4.5 7



