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RADIOMETER

SECTION 1
TYPE HO1Z2 BEAT-FREQUENCY OSCILLATOR
STANDARD DESIGN

1.1 DESCRIPTION

The Beat-Frequency oscillator operates on the heterodyne principle as
the audio frequency is generated as a beat between two h-f oscillators
one..of which can be varied between 200,000 and 180,000 cycles while the
other operates on 200,000 cycles or 220,000 cycles.

By means of the dial ZERO ADJUSTMENT the frequencies of the two h-£
oscillators can be made to coincide, when the other dials are set to 0
cycle. The zero beat is watched on a cathode-ray tuning indicator tube
which starts operating when the main dial is set to zero. The frequency

error is less than 0.5% + 1 cycle when the zero adjustment is corrects

The frequency of the variable oscillator, and consequently the audio fre-
quency furnished, is set on the main dial which is divided from 0 to
20,000 cycles. 20,000 cycles can be added to any scale reading by set-
ting the switch '"+0 kc, +20 kc' to position '"+20 kc''. The main dial is
coupled to a knob on the right-hand side panel by means of a worm gear
with a gear ratio of 1:62. This knob is for fine adjustment. When the

knob is removed, automatic recorders or the like can be coupled instead.

By means of the dial '"+c/s'" up to 306 cycles can be added to any fre-
quency between 0 and 20,000 cycles. When the switch is in position

""+20 kc'" the +cycle dial does not operate.

From the two h-f oscillators the two h-f voltages are fed to two buffer
amplifiers and frorr}' there to a mixer tube. The h-f modulation products
are filtered in the sﬁbsequent low-pass filter, and only the audio-fre-
quency is passed on to an R-C link for correction of the frequency re-
sponse. From here it is passed to the output control knobs (OUTPUT
FINE and OUTPUT COARSE).

One stage of a-f amplification and a phase inverter follows the power

control and finally two output pentodes in push-pull coupling.

The output terminals marked '"1'" and '"2'" can be connected to various
windings of the output transformer by means of the impedance selector

located to the left of them, or they can be connected to the.anodes of the
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output tubes through two condensers of 2 uF. By this means matching
is obtained to the following load impedances: 5 ohms, 25 ohms, 150
ohms, 600 ohms, and 10 kilohms. In all positions marked ""U'" the out-
put voltage is unsymmetrical, and the lower terminal 2 is connected to
chassis. The secondary winding is free in positions "F'", and in the po-
sitions ''S" the output voltage is symmetrical referred to chassis. The
frequency response depends on the output impedance chosen and also
depends somewhat on the output voltage. In the frequency range 30 to
20,000 cycles it is less than £0G.2 dB in the 600 ohm position with 600

ohm ohmic load at 1 watt output.

By means of negative feedback the output impedance of the amplifier is
set to the same value as that of the matching impedance. The maxi-

mum output of the amplifier in the matching resistance is about 6 watts
in the frequency range 30 to 10,000 cycles. At 1 kilocycle and 600 ohm

ohmic load the distortion inclusive of hum voltage is:

at 0.1 watt: less than 0.5% hum 0.1%
" 1 A " i 055(_70 " 0.1070
n 2 1" Hib " 1.0070 " 0'1070
o4 20% " 0.1%
" 5 " i " 3‘0070 " 0.1070

The distortion is essentially due to the 3rd harmonics and 2nd harmon-
ics as the higher harmonics are negligible. Typical values are found

in the table below:

at 0.1 watt: 0.1% 2nd harmonics 0.15% 3rd harmonics 0.03% hum
" 1 " 0.1% " " 0.2% " " 0.06% "
1 4 " 0 .2070 " " 1_.2070 " " 0.07070 "
" 5 1" 0.3(70 [k} 1" 204(70 1" 1" 0.08(70 i
"6 M 1,79 L 4.5% " 0.08%

At low frequencies the distortion increases owing to the output trans-
former. At 20 cycles it is about 3% at an output between 0.1 and 4

watts. At 5 watts it is about 3.5% and at 6 watts about 4%.

A built-in ladder attenuator is connected when the IMPEDANCE switch
is set to one of the two positions "ATT.". From the jack ATTENUA-
TOR can be furnished the voltage read on the meter multiplied by 1,
10_1, 10_2, 10_3, 10_4, and 10_5 respectively, when the unloaded at-
tenuator is set to the corresponding positions. The output impedance
of the attenuator is 0, 100, 10, 1G, 10, é:nd 10 ohms respectively and

is stated on the name plate of the switch. An output impedance of zero
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RADIOCMETER

ohms is onliy had (with the attenuator in position x1) when the output
voltage is kept constant even if the load varies. Otherwise the cutput
impedance is 300 ohms. The input voltage of the attenuator is had at
the output terminal 1. Terminal 2 is connected to chassis in position
ATT. With the switch in positibn "ATT. 2" an input voltage of 50 volts
is permitted. With the switch in position "1'" the highest voltage avail-
able is 2 volts, but the frequency range is extended downwards to ap-
proximately 2 cycles, and the distortion at frequencies down to 30 cy-
cles is less than 0.5%. When low voltages are required at low frequen-

cies, use the position "ATT. 1'",

The built-in copper-oxide rectifier meter has 6 measuring ranges with
jointscales. It is directly connected to the terminals 1 and 2. With ter-
minal 2 to chassis (i.e. in all positions marked '""U" on the impedance
selector) the accuracy in all ranges is 2%, full scale, in the frequency

range 20 to: 10,000 cycles, and 3% in the range 20 to 20,000 cycles.

In the position ''S'" the meter reads about 10% high at 20,000 cycles on
the 100 volt range. On the 250 volt range (and with the impedance se-
lector in position '"'10 KILOHMS S'" it will read about 10% high at 10 kil-
ocycles, about 35% high at 20 kilocycles, and about 100% at 40 kilocy-
cles. In position "F' the error depends on the character of the exter-

nal load.

The Beat-Frequency Oscillator is stabilized for line voltage fluctua-
tions by means of a special coupling. Generally a sudden line surge
of 5% will cause a momentary change in the output voltage of about 2%.
After about 30 seconds the deviation from the original output voltage
is about 0.5%. Line voltage variations of 10% will cause a permanent

change in the output voltage amounting to about 2 or 3%.

The output voltage of the Beat-Frequency Oscillator can be varied be-
tween plus 6 dB and about minus 35 dB by feeding a negative voltage va-
rying between about 3 to 4.5 volts to the jack REG. VOLTAGE. 0 dB
equals the output without regulation. The limits of the range of regula-
tion depend on the distortion arising when regulating upwards and the
hum arising when regulating downwards. At the limits of the rar.lge

mentioned neither the distortion nor the hum exceeds 2% at 1 kc.

The TONE switch provides for clickless disconnection of the output at

a speed of about 600 dB per second. Measurements of reverberation

RADIOMETER . 72 EMDRUPVEJ . COPENHAGEN NV . DENMARK =} i.d in Denmark ———

eHO12
1- b/259



RADIOMETER

time of even heavily damped rooms will therefore be possible. With
the switch in positicn AUTOM. the output is automatically attenuated
heavily in the range from 20,000 cycles to 20 cycles.

1.2 OPERATING INSTRUCTIONS

Before connecting the instrument to the pcwer line set the line voltage
selector to the line voltage available. The line voltage selector is lo-
cated behind the plate screwed on tc the back panel of the instrument

and it can be set to 110, 127, 150, 200, 220, 240 volts, 50-60 cycles

a-c. A 400 mA and a 160 mA slow blowing fuse is mounted beside the
built-in line voltage selector. They must be replaced by a 800 mA and
a 320 mA fuse when the line voltage selector is set to 110, 127 cr 150

volts.

Switch on the instrument. Set all frequency controls (main dial, +c/s
dial, and +0 kc, 4+20 kc switch) to zero and set the zero adjustment so
that the cahotde-ray tuning indicator tube starts flashing when turning

to either side.

The output voltage is available either across the binding posts 1 and 2
(located to the upper right on the instrument) or from the attenuator
jack (located to the lower right on the instrument)., By means of the
impedance selector the following matching impedances can be chosen:
5 ohms - 25 ohms - 150 ohms - 600 ohms - 10 kilohms., In the 10 kil-
ohm position the matching impedance between the chassis jack and one
of the binding posts 1 and 2 is 2.5 kilohms. In the positions "U'" (un-
symmetrical secondary) the binding post 2 is connected to chassis. In
position "F'" (free secondary) the secondary winding is free from chas-
sis connections. In the positions ''S'" the output voltage is symmetrical
referred to chassis. In position ""600 Q S'' the center of the secondary
winding is connected to chassis. In the positions ""10 k@ S'" the anode
of the output tubes are connected to the binding posts 1 and 2 through

two condensers of 2 pF.

Vith the impedance selector in position "ATT. 1" or "ATT. 2" the at-
tenuator is connected to the binding posts 1 and 2, and the jack ATTEN-
UATOR can be furnished with the voltage read on the meter multiplied
by 1, 10_1, 10_2, 10—3, 10—4, 10—5. The output voltage must not ex-
ceed 50 volts when the attenuator is in position 2, and 2 volts in posi-

tion 1. In position 1 the distortion at low frequencies is lowered, and
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the frequency range is extended downwards to about 2 cycles.

The voltmeter is always connected to the binding posts 1 and 2. It has
6 measuring ranges with a joint scale, and the accuracy is 2%, full

scale on the range 20 to 10,000 cycles and about 3% on the range 20 to
20,000 cycles in all positions "U'" of the impedance selector. In posi-
tions "F''" and ''S" the error in indication increases with the frequency

and is greatest on the highest ranges (see page 1-3, third passage).
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RADIOMETER

SECTION 2
TYPE HOI12W BEAT-FREQUENCY OSCILLATOR
SPECIAL DESIGN WITH WOBBLER

2.1 DESCRIPTION .

The fixed oscillator of this model can be frequency-modulated by means
of a reactance tube. A ladder attenuator provides for adjustment of the
frequency deviation to £20, 25, £32....%400, each step adding about
20%. The said frequency deviations can be multiplied by 1, 0.5, or 0.2
by setting a switch accordingly. The Beat-Frequency Oscillator can op-
erate either at a constant frequency deviation being independent of the
frequency furnished, or at a frequency deviation being approximately
proportional to the frequency furnished, as the detent spring of the lad-
der attenuator can be put out of action so that the fine adjustment knob
turns both the tuning condenser and the ladder attenuator by means of
two worm gears. The modulating frequency that determines how many
times a second the frequency furnished oscillates about the medium val-
ue, can be adjusted to one of the following frequencies: 3.2 - 4 - 5 -

6.3 -8 - 10 or 12.5 cycles. The modulating voltage is sinusoidal.

2.2 OPERATING INSTRUCTIONS

The built-in wobbler is started by setting the switch immediately be-
low the main frequency dial to position '"+0 kc, WOBBLER ON'" and

the switch MODULATING FREQUENCY to one of the seven (sinusoi-
dal) modulation frequencies between 3.2 cycles and 12.5 cycles. Ad-
just to the desired frequency deviation on the ladder potentiometer
"FREQUENCY DEVIATION *c/s'" and on the switch 'x1, x0.5, x0.2".
The frequency deviation is had as the product of the two readings. If
the Beat-Frequency Oscillator is to operate with a frequency deviation
independent of the audio-frequency, the detent spring of the ladder po-
tentiometer is put in action by setting the switch CONST. VARIAB LE
to position CONST. If, however, the Beat-Frequency Oscillator is to
operate with a frequency deviation that amounts to a certain percentage
of the scale frequency, the switch is set to position VARIABLE. The .
potentiometer arm and the main condenser are then operated by the fine

adjustment knob on the right-hand side panel of the instrument. If, for
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instance, the frequency deviation'is to be 5% of the scale frequency,
the main dial is set to 500 cycles and the potentiometer to 25 cycles.
For increasing scale frequency the frequency deviation will then be
approximately 5% up to about 8000 cycles, after which it becomes
constantly 2400 cycles. The frequency deviation also becomes con-
stantly equal to £20 cycles at frequencies below 400 cycles, as it

has proved to be most expedient to operate with a constant frequency

deviation at low frequencies.
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SECTION 3
TYPE HOIZ2H BEAT-FREQUENCY OSCILLATOR
SPECIAL DESIGN WITH 1-MEGACYCLE OSCILLATOR

3.1 DESCRIPTION

This model incorporates a 1-megacycle oscillator which can be modu-
lated from 0 to 100% from the Beat-Frequency Oscillator proper when
the impedance switch is set at position ""600 Q U'". At 50 volts a-f the
modulation is 100%. As the modulation percentage and the modulating
voltage are proportional, any modulation percentage can be read di-
rectly on the scale. The distortion of the modulation is very low at
low modulation percentages and is less than 2% at 95% modulation. A
ladder attenuator gives off voltages of approximately 1, 10, 100, 300,
or 1000 millivolts and the corresponding output load has to be higher
than 100 ohms in position "1 V" so as to avoid distortion of the modu-
lation. The frequency modulation is negligible, being only about 200

cycles at 100% modulation.

3.2 OPERATING INSTRUCTIONS

The built-in 1-megacycle oscillator is started by setting the switch
OFF-ON to position ON. The output voltage is at the jack HF OUTPUT
and by means of the ladder attenuator it can be adjusted to one of the

following values: 1 mV - iI0 mV - 100 mV - 0.3V -1V.

The output impedance is about 25 ohms in the ''0.3 V" position and

about 10 ohms in the other positions.

In the 'l V" position the load impedance should be high in proportion to
the attenuator impedance so as not to introduce modulation distortion.
The 1-megacycle generator is modulated directly from the Beat-Fre-
quency Oscillator when the impedance selector is set to ""600 Q U'".

At a 50 volt output voltage the modulation is 100%, and it decreases

in proportion to the output voltage. The modulation distortion is about
2% at 95% modulation with 1000 cycles.
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RADIOMETER

SECTION 4
TUBE REPLACEMENT

Tube No. 1

is a type EF40 which operates as a variable oscillator. The h-f voltage on
the grid point of the coil should be about 2.2 volts. Generally this tube can
be replaced right away, but some tubes may give rise to too much hum (as

the h-f voltage proper may be modulated with 50 cycles) orto unstable fre-

quency.

Tube No. 2

is a type EF40 which operates as a buffer amplifier for the variable oscillator
and furnishes an h-f voltage of about 10 volts to the third grid of the mixer

‘tube. It can be replaced right away. Only very few tubes give too much hum.

Tube No. 3

is a type EF40 which operates as a fixed h-f generator. The h-f voltage at
the grid point of the coil should be about 2.2 volts. A poor tube may produce

hum and also cause small jumps in the oscillator frequency.

Tube No. 4

is a type EF40 which operates as a buffer amplifier for the fixed oscillator."
The amplification of the tube, and consequently the output of the Beat-Frequen-
cy Oscillator can be altered by altering the negative voltage to the first grid

of the tube. This voltage can either be an external voltage fed to the jack
REG. VOLTAGE or an internal voltage developed across a dropping resistor
placed in the minus lead of the d-c power supply and named '"Compensation of
line voltage variation' in the diagram because the output of the Beat- Frequen-
cy Oscillator is almost independent of line voltage variations of maximum *10%

if this resistor has the correct value.

Tube No. 5

is a type ECH42 which operates :..: *mixer tube. Check distortion and hum
when the tube has been replaced. By varying the screen grid voltage the dis-

tortion is brought to a minimum. The potentiometer for adjustment of the
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screen grid voltage is mounted on the shelf below the main condenser. The

50 cycle hum of the output has to be brought to a minimum by means of the po-
tentiometer named '"Min. of 50 c/s hum' in the diagram. The potentiometer

is located just beside the tube No. 1. If this hum cannot be decreased to 0.05%

at 25 volts output, use another tube.

Tube No. 6

is a type EF40 which operates as an 1-f amplifier. It can be replaced right

away. Only a few tubes cause too much hum.

Tube No. 7

is a type EF40 which operates as a phase inverter. In most cases it can be

replaced right away. Only very few tubes cause hum.

Tubes No. 8 and 9

are type EBLZ21] tubes which operate as output pentodes. They should have the
same characteristic to avoid 2nd harmonics. When the tubes have been re-
placed, connect two milliammeters between the jacks located at the tubes,
and adjust the anode current plus screen grid current of the two tubes to the

same value by means of the potentiometer between the tubes.

Tube No. 10

.

is a type EM34 which operates as a null indicator. Generally it can be re-
placed right away. The highest sensitivity is obtained by matching the cath-

ode resistor.

Tubes No. 11 and 12

are type EZ40 rectifier tubes and can be replaced right away. Tube No. 12
should be replaced if the current through tube No. 14 is less than about 10
milliamps at a line voltage that is 10% below the nominal value. Tube No.
11 should be replaced if the anode voltage measured directly on the type
EBLZ1 tube is less than 235 volts at nominal line voltage, as otherwise the

distortion will increase heavily at high outputs.

eHO12
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RADIOMETER

Tubes No. 13 and 14

are type 90C1 glow-discharge voltage regulator tubes for stabilizing the anode
voltage. They should be replaced if their voltage drop changes more than 1 to
2% when the line voltage varies 10%. The tubes should also be replaced when
they start burning irregularly, as this irregularity may give rise to small

jerky changes of the output frequency (1 cycle- or less), which may be incon-

venient at bridge measurements.

Tubes No. 15 and 16

are type EF42 and EF40 tubes respectively, and are only mounted in model
HOI12H with built-in 1 Mc oscillator. The type EF42 operates as a 500 kc os-
cillator by means of the grid and the screen grid. In the anode of the tube
there is a 1 Mc circuit feeding the grid of the EF40 operating as a triode.

In the anode of the EF40 there is another 1 Mc circuit feeding the attenuator.
The d-c anode voltage of the EF40 is fed from a potentiometer with slotted
shaft located beside tube No. 15. When replacing one of the tubes No. 13, 14,
15, or 16, an adjustment will generally be necessary. The potentiometer is
so set that the modulation is 100% when the output voltage of the Beat-Fre-
quency Oscillator is 50 V with the impedance switch in position "'600 Q U'.
After replacement of tubes No. 15 and 16 check the negative voltage at the
grids of the tubes. They should be about minus 6 and minus 5 volts respec-
tively. Also check the frequency of the 500 kc oscillator. The frequency can
be trimmed through the middle one of the three holes in the bottom of the unit.
The 1 Mc pentode circuit has to be adjusted so that the negative voltage at the
grid of the EF40 tube is maximum (about 5 volts). Trimming is made through

the farthest hole in the bottom of the unit as reckoned from the front plate.

Finally the compensating trimmer and the iron core of the 1-Mc triode circuit
are adjusted so that the distortion of the modulation is minimum at 100% mod-
ulation at which the modulation trapezium has to be a triangle with straight

lines. This provides a coarse control.
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Tube No. 17

is a type
ulate the

the mode

EF40 which operates as a reactance tube that can frequency mod-
fixed oscillator. This tube (and tube No. 18) is only mounted in
1 B.F.O. with built-in wobbler. When the tube has been replaced,

adjust the trimmer between the grid of the tube and the chassis in the follow-

ing way:

(1)

N AN SN A~ A~
o U1 W W N
S N N N S

Set the frequency switch to WOBBLER ON +0kc and the dial to about
5 kc.

Set the meter switch to 10 volts.

Set the output voltage to about 9.5 volts.

Set the FREQUENCY DEVIATION switches to 400 and xl1.
Set the modulating frequency to 3.2 cps.

Set the trimmer so that the vibration of the meter needle is min-
imum (less than 0.5 mm). The trimmer is mounted on the sub-
chassis carrying tube 17 and 18.

A convenient but coarse check of the FREQUENCY DEVIATION dial is made

in the following way:

1
2
3

PN N N N
N
N N N

Set the impedance switch to position ATT. 1.
Set the modulating frequency to 12.5 cps.
Set the FREQUENCY DEVIATION switches to 400 andx],

Connect the output terminals of the HO12 to the input of a d-c oscil-
loscope and adjust thetime base generator to approx. 6 cycles.

Lower the frequency of the HOl12 from about 1 kc to about 400 cps
where a very low (0 cps) frequency becomes visible during part of
the sweep on the cathode-ray tube.

If the dial reading then deviates more than 10 to 15% from the correct
value of 400 cps, adjust the internal potentiometer CAL. OF FRE-
QUENCY DEVIATION in the anode lead of tube No. 18.

The following procedure gives a more accurate adjustment:

(1)

Synchronize the sweep generator of the scope to 10 kc with another
stable a-f source.

Feed 10 kc from the HO12 to the scope so that a resting curve is
obtained. (Switch in position WOBBLER ON).

Set the FREQUENCY MODULATION switches to position £40 cps
and x1.

Set the MODULATING FREQUENCY switch to position 12.5 cps.

Adjust the internal potentiometer CAL. OF FREQUENCY DEVIATION
in the anode lead of tube No. 10 so that an equally lighted area with
one sinusoidal curve is had on the scope.
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The sinusoidal curve must neither consist of a broad translucent

band nor have an adjoining dark band.

The potentiometer is mounted on the sub-chassis carrying tube No.

17 and No. 18.

Tube No. 18

is also a type EF40. The tube operates as an R-C generator, which can be
setto 3.2 -4-5-6.3-8-10 or 12.5 cps with the switch MODULATING
FREQUENCY.

When the tube has been replaced, check the FREQUENCY DEVIATION read-

ings as explained for tube No. 17.

= mm—=———=== Psinted in Denmark ="
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SECTION 5
MISCELLANEOUS

5.1 CONVERSION

All Beat-Frequency Oscillators supplied can be provided with wobbler
and/or 1-megacycle oscillator when they are sent to the factory, and
any type of HOlZ2 Beat-Frequency Oscillator can be mounted with a type
NE3 Logarithmic Frequency Response Recorder in a joint cabinet. Both

instruments can be mounted on a 19" relay rack.

5.2 ADJUSTING THE SILENT RANGE

The main tuning condenser carries an adjustable disk at the rear end of
its shaft. The disk actuates a micro-switch by pressing a flexible lever.
When the micro-switch is actuated, a voltage of about minus 6 volts is
fed to the regulating tube (No. 4) providing for a very high attenuation

of the output if the TONE switch is set to position AUTOM. The oper-
ating range of the micro-switch can be adjusted by adjusting the open-

ing angle of the disk.

The type HO12 Beat-Frequency Oscillators supplied together with type
NS3 Logarithmic Recorders carry an additional micro-switch fixed
with the same screws as the first mentioned micro-switch. The sec-
ond switch provides for switching off the motor of the Logarithmic Re-
corder after the completion of each recording in order to secure a mi-
nimum wear of the Teflon disks. The micro-switch is actuated by an
adjustable clamp at the end of the peg protruding from the adjustable
disk. The lever of the first mentioned micro-switch is connected to a
part of the grid leak of the first output tube (No. 6) of the Logarithmic
Recorder. When the lever is connected to chassis by means of the ad-
justable disk, the pen of the Recorder moves to the left-hand stop. The
frequency at which this happens can be chosen at will within certain lim-
its by loosening the adjustable disk and fixing it in the proper position.
The adjustment is generally so made that the Recorder is inoperative
when the dial of the Beat-Frequency Oscillator is turned beyond the 20

kc line. However, the Recorder is released again at 20 cps.

If the NS3/HOI12 is to be used in a Microphone Measuring Equipment,

the limits are set at 16 kc and 20 cps because the condenser microphone

= Printed in Denmark =—
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supplied with the equipment does not operate properly at frequencies
higher than 16 kc. In order not to overload the loudspeaker used at
microphone response recordings the adjustable disk is provided with
an adjustable clamp of insulating material by means of which it is pos-
sible to keep the output attenuating micro=-switch depressed until the
bass resonance frequency of the loudspeaker has been passed. The
output of the HO12 Beat-Frequency Oscillator, however, is only at-
tenuated when the TONE switch is at position AUTOM.

=== Printed in Denmark ===
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