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Introduction:

This new a-c operated diode voltmeter is
intended as a successor to the older di-
ode voltmeter, type RV12, Several im-
provements have been introduced, such as
wider frequency range, greater sensitivi-
ty, better zero stability, extended volt-
age range, and small size.

Three types of measurements can be made
with the RV13:

A-c measurements from 2 ke to 500 Mc are
made by means of a special diode probe
which combines small mechanical dimen-
sions with a very low input capacitance
of about 2 pF.

For a-c measurements down to 20 cycles
the instrument contains a built-in diode,
which can be switched in to take the place
of the probe diode.

Furthermore the d-c amplifier can be used
directly as a sensitive high-resistance
d-c voltmeter within the voltage range
from 1-1000 volts, regardless of the po-
larity.

Description:

The vacuum-tube voltmeter comprises a two-
stage push-pull d-c amplifier with heavy
feed-back, a special measuring diode mount-
ed in a small probe, and a stabilized power
supply. One half of a twin diode is used
as a balancing tube to the probe diode.
The diode not used for balancing is con-
nected to a jack on the front plate, making
possible a-c measurements without connecting
the probe.

The a-c ranges are 1-3-10-30-100 and 300
volts full scale. Superimposed d-c volt-
ages are of no influence. The probe with the
measuring diode provides for a frequency
range from 2 ke to about 500 Mc. With the
probe disconnected the built-in diode pro-
vides for a range from 20 cycles to about 5
Mc. The accuracy is 3% of full deflection
on the greater part of the range. The input
capacity of the probe is only about 2 pF.
The equivalent parallel resistance is about
30 Megohms at low frequencies decreasing with
increasing frequency to about 3 Megohms at
1 Mc on account of the dielectric losses in
the input capacity. The instrument measures
the peak voltage of an a-c voltage but is
calibrated to read the r.m.s. value of a sine
wave or 0,71 times the positive peak value of
any complex waveform. The 1, 3, and 10 volt
ranges have separate scales on the meter. The
30 and 100 volt scales are common with all the
d-c ranges.

The zero adjustment is not influenced by the
range switch.

The current limiting action of the tubes pro-
tects the meter against damage from overvolt-
ages on any range.

The d-c ranges are 1-3-10-30-100-300 and 1000
volts full scale. A selector switch provides
for measuring both positive and negative volt-
ages referred to chassis. The input impedance
is 111 Megohms on all ranges. A high-voltage
test prod type PBl supplied with the instru-
ment contains a 1200 Megohm resistor. When

ueing this, all readings must be multiplied .

by 100. Full scale deflection is thus had
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for 100-300-1000-3%000-10,000 and 30,000
volts at an input impedance of 1200 meg-
ohms., However, the test prod should not
be exposed to voltages higher than 30 kV.
An R-C filter allows for a superimposed

RADIOMETER

a-c voltage of the same magnitude as that
of the d-c voltage to be measured. The
accuracy is 2% of full scale on all rang-
es.
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Voltage range:

a-c: 1-3-10-30-100 and %00 volts full
scale

d-c: 1-%3-10-30-100-300 and 1000 volts
full scale or, with test prod 100-3%V0-
1000-3%000-10,000 and 30,000 volts full
scale. Both positive and negative
voltages referred to chassis can be
measured .

Accuracy:
Within 3% of full scale on all a-c
ranges.

Frequency response:

With probe: Within 1 dB from 2 kc to
about 500 Mc.

With built-in diode: Within 0.5 dB
from 20 cps to about 5 Mc (depending
on the length of leads)

Input impedance:

With probe: sbout 2 pF in parallel
with about 30 megohms at low frequen-
cies. The resistive component de-
creases with increasing frequency

(3 megohms at 1 Mc)

With built-in diode: about 12 pF in
parallel with about 30 megohms at low
frequencies.

On the d-c ranges: 111 megohms. 1200
megohms with test prod.

Power supply:

Voltage range: 105-150 volts with type
C10 current-regulating tube. 150-250
volts with type C8 current-regulating
tube.

Consumption: 0.2 amp

(type C8 tube is supplied with the in-
strument unless type ClO tube is ordered)

Data subject to change without notice
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Type RV13
VACUUM~-TUBE VOLTMETER i

The type RV13 Vacuum-Tube Voltmeter is primarily intended for
measurements of a-c voltages, but it is equally suitable for
d-c measurements.

>7Tne mosm oﬁtstandtng-fea#us¢ama£»ihasp;nsixument are the wide
frequen&y yange which extends frpm 2@ cycLFspﬁo 500 megacyecles,
and the low input capacity of about 2.3 pF, 1ha measuring-
diode is mounted in a small shlelded probe and connegted to
the instrument by means of 2’1l meter long shielded cable.

Another feature is the use 6f a built-in diode for measurements'
at frequencies lower than 5 Mc,

Measurements of d-c voltages can be made in the range from 0,02
yolts to 30,000 volts. The high input impedance of 111 megohms -
(or 1200 megohms with a high-voltage probe) is maintained when
switehing over from measurementof positive voltages to nega-
tive voltages.

Description:

The type RV13 vaeuum-tube voltmeter econsists of a balanced d-—e
amplifier with a very strong negative feed-baek, a built-in
double diode, a diode of special de51gn mounted in a probe,
and a regulated power supply.

The amplifier consists of 2 penthodes followed by a double tri-
ode with separate cathodes. The triodes operate as cathode
followers and the meter is connected to the cathodes. The
penthodes operate with low anode current and also with reduced
heater current providing for a very low grid current of the
input tube.

 The amplifier has an amplification of about 2 times and a nega-
tive feed-back of more than 100 times, which makes the amplifier
almost independent of tube ageing and line voltage variations.
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The amplifier proper'provides for'ful1 deflection on the meter
for 1-3 or 10 volts positive or negative referred to chassis,
Voltages higher than 10 volts are attenuated 10 or 100 times
by means of an input attenuator with a resistance of 111 meg-
ohms, The ranges obtained in this way are 1-3-10-30-100-300
and 1000 volts., A high-voltage probe extends the range to
30,000 volts and increases the input resistance to 1200 Ma,

An R-C filter allows for superimposed a-c voltages of at least
the same magnitude as that of the d-c voltage.

The accuracy is 2% of full scale on all ranges.

The zero adjustment is independent of the settings of the
range switch,

The meter is protected against over-voltages on any range by
the current limiting action of the tubes.

The high-ohmic high stability resistors of the input attenuator
are protected against humidity and atmospheric influence by a
wax-embedding. '

The a-c ranges ar k3-10-30-100 and 300 volts, full scale,
The positive peak is measured, but the meter reads the rms of
a sinusoidal voltage. ‘

The diode mounted in the probe is of a special design with a
very low anode-capacity and an anode-cathode clearance of'only
about 0.05 mm, The input condenser of the diode is mounted in
the probe head which is made of Rexolite., The total input
éapacity amounts to only about 2.3 pF and the high diode resis-
tor in connection with the low -loss material used, provides for
an equivalent parallel resistance of about 30 megohms at low
frequencies when connecting the diode to a circuit. This value
decreases with increasing freguency (to about 3 megohms at 1
Mc and about 30 ka at 100 Me) but it is always high in compqu—
son with the 01rcu1t impedance obtalnable.

The accuracy is +3%% of full gcale on all'ranges'in the fre~
quency range from 2 kc to ZOOch, At higher frequencies the
response is somewhat dépendent on the voltage because the
drop in indication due to the transit time effect of the diode
ig diminished to some degree at low voltages by the rise due
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to resonance of the input circuit which provides for a response
of about 1 dB up to 500 ¥Mc at voltages of about 1 volt. At
higher voltages the resonance effect predominates and gives a
maximum rise at 500 Mc of about % d4B.

The contact potential of the measuring diode is balanced by

one diode of a built-in twin-diode., The d-c voltage obtain-
ed by rectifying the input voltage is attenuated by 3 dB thus
 rendering it possible to use the same meter resistors and
?’écaleé as used for the corresponding d-c ranges except on the 3
iowestranges; where the separate a-c scales must be used.

Voltages in the frequency range 20 cycles to about 5 Mc are
most conveniently measured by means of the built-in diode,
and voltages in the range from 20 cycles to 2 kc can only be
measured in this way, because the diode mounted in the probe
is not intended for use at frequencies lower than 2 ke. The
upper frequency limit is dependent on the length of the leads
vsed. The disconnection of the probe causes a rise of about
5% in the voltages from the power supply and is of no import-
ance,

The stability of the zero sctting is almost as good as that
of the d-c ranges and a resetting is seldom required after
the warming-up period has elapsed.

The regulated power supply operates with a "constant-current
tube" which feeds the primary of the line transformer. ILine
voltage variations of 10% do not change the sensitivity at all
and give only minor zero drift requiring resetting on the two
lowest ranges only.
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Operating Instructions

Before connecting the instrument to the line. -meke sure tnal
+he correct current-reguiating tube is inserted. For line
voltages between 150 and 250 volts the type C8 tube must be
used and the type Cl0 tube for voltages between 105 and 150
volts,

After switching on the instrument it should be allowed to
warm-up-for-at. least some minutes because the zero Settlng
arifts somewhat during the warm—up period, o

Measurement of a-c voltages

can be made in the voltage range from about 50 millivolts to
300 volts.

Input voltages in the frequency range from 20 cps to about 5
Mc are most conveniently measured by means of the built-in -
diode with the diode mounted in the probe disconnected.

Set the selector switch to position " ~2" and the range switeh
to position "1 volt". Set the zero with the jdck " ~2" con-
nected to chassis., In most cases it is sufficient to connect
the chassis to ground and leave the jack "~ 2" free. Choose
the appropriate voltage range with the range switch and feed
the unknown voltage to the jacks " ~2" and "chassis",

Voltages in the range up to 10 volts are read from the three
separate a~c scales of the meter, and voltages between 10
volts and 300 volts from the two upper scales, which are
common to a-c and d-c measurements.

Voltages of a frequency nigher than about 5 Mc have to be mea-
sured with the diode mounted in the probe, which is able to
measure in the range from 2 kc to 500 Mc. Insert the probe,
with the groove in the plug facing upwards , set the selectdr\\\
switch to position ™ ~1", set the meter needle to zero with

the probe input short-circuited and the range switch to posi-
tion "1 volt".  1In most cases it is sufficient to connect the
chassis to ground and leave the probe input free.

The zero setting is almost independent of the range chosen.

2223~RV13
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The accur:cy is + 3% of full scale on all ranges.

The input capacity is sbout 2,3 pF at the probe ané zbout 13

3

pF at th= " 2" ‘ack,

Tre load on a circuit is about 30 Ma at low frequencies and
about 3 Ma &t 1 Fna and is almeost indepent of the input

used. 5t 10 Mc the prcbe his an effective input resistance

of atout 0.% Ma 2nd at 100 Mo of about 30 ka. It is thus
alw2ys high in corp rison with the circuit impedances obtain-

able in general,

Measurement of d-c voltages

Set the selector switch to one of the positions "x1" or one
of the pcsitions "x10C", and set the zero with the range

switch at "1 V", The input impedance is 111 Ma at the jJjack
"x1" and incerenient

(@)

f the voltzge range chosen. -t the

other Jzck the input impedance is about 12 a and can be
varied by meens of the wvariable resistor with slotted shaft
located behind the plug button inthe front plate. The latter
input jack is intended for use together with the 1200 ln probe
by means of which it is possible ©to measure up to %30.000 volts.
The calibration oI ths prote is ezsily accomplished by first
measuring a voltage (o.g. 100 volts) with the selector switch
at positicn "x1" and then the same voltage by means of the
1200 ma prove with the selector switch at posi tion "x100".

An a-c voltage of the same mzgnitude as the d-c voltage being
rmeasured can be cllowed for beccuse the a-c voltage is atten-
vated by mecns of -n R-C filter =2t the input.

The accuracy is + 2, of full sczle on sll ranges.

Measurement of resistance

The high input resistance of the vacuum-tube voltmeter makes
it most suitable for measuring high-ohmic resistances.

The umknown resistor is connected to the "x1" jack and to a
battery whose other terminal is connected to chassis.
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If the battery has a voltage V and the meter reads v. the
resistance is: '

‘Bx = 111 .X%y_ megohm

If Vv = 100 volts, full deflection is obtained on the 1 volt
range for Rx = 11,000 megohns,
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Replacement of tubes

Tube No, 1 is a type EF94 or €:U6 operating with only 5 volts
on the filament and an anode current of only about 7 pyA in

order to reduce the grid current.

Make sure that (after replacement of the tube) the grid cur-
rent is less than 5?10'11 amps. This check is easily made
by short-circuiting the .05 ui filter-condenser (E4 in the
diagram) with the selector switch in one of the positions
"x1" and the range switch in position "1V"., In doing so the

meter needle must not deflect more than 5 nV,

With the two switches in the positions mentioned the anode
potential referred to chassis must be about 55 volts, the
screen grid potential about 42 volts, and the cathode poten-
tial abhout 1.8 volts with no voltage at the input jacks.

Tube No, 2 is also a type EF94 or 6AU6 operating with exactly

thie same potentials at the electrodes. The grid leak is only

- about 10 Ma and the grid current can rise to 5-10"lO amps with-
out disturbing the reading. The grid current is most conven-
iently measured by temporarily operating the tube in place of
tube No., 1., Almost all specimens can be used.

-

Tuve Ko, 2 is a type mOUB1L or 12ATT double triode. Both sec-

tions operate as cathode followcrs and the meter is connected
to the cathodes via a resistor whose size depends on the volt-
age range chosen., Half of the voltage drop across the cathode
resistors is fed back to the input of the preceding amplifying
tubes. The negative feed-back is greater than 100 and the
amplification of the invut signal is thus recduced to 2 times
minus sbout 1%.

The voltages at the cathodes of the tube sre about 2 volts
higher than the voltages at the grids of the tube (and the
anodes of the preceding tubes).

When replacing the tube, check the sensitivity of the 1 volt
d-c range, and if the deflection is rot correct, use the in-
ternal potentiometer F4, If the sensitivity on the 10 volt
d-c range is not correct and the wirewound resistors have

2226~RV1%
TP1-7 354



their correct values, the reéistor in pernllel with the meter
must be altered in order to obtain the corisct semsitivity.
towever, this correction is only of theoretical interest as
it will probably never occur, because it means that the- sen—
sitivity of the meter proper has changed :

If the zerc knob on *he front plate does not operate in the
vicinity of its mid-p.osition, this position can be obtained
by means of the "Internal Zero at d-c" potentiometer P3,

Tube No. 4 is a type FB9l or 6AL5 double diode. One section
operates &3 a rectifier for an input signal on the frequency
range 20 cps to 5 Mc snd the other as a balancing diode, which
also operates together with the diode mounted in the probe
when the selector switch is set to position "~1",

T':2 negative voltage which is fed to the grid of tube No. 2
from the balancing diode can be controlled by the two poten-
tiometers P5 ~ "Zero at ~1" and P6 - "Zero at~2", P5 and
P6 are so set that the zero does not shift when the selector
switch is turned from a d-c position to "~1" or "~2", The
zero on the 30 volt a-c range is set with the potentiometer
T,

The settings of the potenticmeters P5, P6, and P7 must not be
made before the instrument has been operating for at least 15
minutes, '

“hen replacing tube No. 4 it is advisable to use an aged spec-

imen, as otherwise the zero drift may be inconveniently heavy.

1f it is not possible to set the zero by means of the potentio-
meters P5 and P6, it will perhaps be necessary to change the

y)

4 Mo resistor of the balancing diode.

Tube To, 5 is a type SA100 measuring diode made by "Telefunken®.
The diode has a pim-head anode placed at s distance of only
0.05 mm from the cathode., The diode is mounted in the probe

and can be replaced right away.

First set the d-c zero by means of the knob on the front plate.
Then adjust the potentiometer P5 "Zero at ~1" in the 1 volt
range after replacement of the tube. ‘

2227-RV13 |
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Check the senéitivity with a 10 volt input. Minor deviations
can be eliminated by means of the potentiometer P2 if the sen-
sitivity in the 10 volt d-c-range is correct.

The type’CS current-regulating tube provides for line voltages
from 150 volts to 250 volts, 50 to 60 cps, and the type Cl0
for voltages between 105 and 150 volts,

The tubes operate with a current of 0.2 amp. Deviations from
this value can be corrected by using the appropriate soldering
tag at the primary of the line transformer.

Check the 5 volt filament voltage after replacement of the

tube and, if necessary, adjust the voltage as indicated above.
Thé probe with the diode must be connected to the instrument
when making this check. Do not forget to mount the iron tube:
surrounding the current regulating tube. Otherwise there is a
risk that the filament c¢f the tube will break because parts of
it can oscillate with the freguency of the line voltage due to
the fact that the magnetic field from the meter is sufficiently
strong at the tube to develop these oscillations. |

Also check the current regulating properties of the tube after
replacement., The filament voltages should not vary more than
about 10% in the regulating range of the tube., Before making
any reading, the high time-constant of the regulating tube
makes it necessary to wait at least 5 minutes each time the
input voltage is altered.

The input voltage divider consists of high-stability resistors

embedded in wax in a small box which is placed as low as pos=-
sible-in the cabinet in order to minimize the temperature rise.

The embedding provides for maximum stability and independence
of atmospheric influence.

Placed above the box containing the résistors is a Perspex
strip with soldering tags for the mounting of "trimming resis-
tors" in order to obtain the correct attenuation. The resis-
tors are indicated with dotted lines in the diagram, and minor
changes in the embedded resistors with time can be eliminated
by replacing the "trimming resistors", If the accuracy of the
attenuator drops more than a few per cent, it is advisable to
return the instrument or the resistor box for repair.

2228-RV13
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Specifications

Voltage range:

a=-c: 1-3-10-30-100 and 300 full scale

d-c: 1-3-10-30-100-300 and 1000 volts full scale

d-c: with 1200 Ma test prod 100-300-1000-3000-10,000
and 30,000 volts

Both positive and negative voltages referred to chassis
can be measured.

Within 3% of full scale on all a-c ranges and within
2% of full scale on all d-c ranges.

Frequency response:

With probe: Within 3% of full scale from 2 kc to 200 Mec,
about 3 dB to 500 Me.

With built-in diode: Within %% of full scale from 20 cps
to about 5 Mc (depending on the length of leads).

Input impedance:

With diode mounted in probe: about 2.3 pF in parallel
with about 30 megohms at 10 kc and about 30 ka at 100 Me.

With built-in diode: about 13 pF in parallel with about
30 megohms at low frequencies and about 1.5 megohm at 1 Me,

Power supply:

110 to 150 volts or 150 to 240 volts, 50-60 cps, de-
rending on the regulating tube used.
Consumption: 0,2 amp '

Metal case finished in grey enamel

Over-all dimensions:

H: 270 mm W: 200 mm D: 165 mm

Weight:

5.8 kilos

2229~RV13% 354
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