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FEATURES: 

• Swept two-tone generator 
and analyzer control for 
harmonic, difference
frequency and 
i ntermodu lation distortion 
measurements 

• Frequency range 2 Hz to 
200 kHz 

• Typical distortion less than 
0,01% 

• Amplitude linearity better 
than ± 0,2 dB 

• Automatic tuning of 
Heterodyne Analyzer Type 
2010 

• Automatic tracking on 
individual distortion 
components up to fifth 
order 

• Automatic sweep with 
Level Recorders Types 
2305 and 2307 

• Low frequency signal 
continuously adjustable 
from 20 Hz to 2 kHz in 
intermodulation mode 

• Frequency difference 
continuously adjustable 
from 20 Hz to 2 kHz in 
difference-frequency mode 

• Output voltages up to 10 V 

• Output impedance of 
6000 or 50 

• Easy to operate 
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USES: 

• Harmonic distortion 
measurements and 
analyses to DIN 45403 
and IEC 268-3 

• Difference-frequency 
distortion measurements 
and analyses to DIN 
45403, IEC 268-3 and 
CCIF 

• Intermodulation distortion 
measurements and 
analyses to DIN 45403, 
IEC 268-3 and SMPTE 

The 1902 Distortion Measure
ment Control Unit is an advanced 
and accurate instrument designed 
to automatically control the well
known Heterodyne Analyzer Type 
2010 to provide swept measure
ment of non-linear distortion in am
plifiers, loudspeakers, hearing aids, 
tape recorders, microphones, hydro
phones etc. 

The swept distortion measure-
ments, introduced by the 

-....,. 
1902/ 2010 combination, give 
more information and are easier to 
perform than the normally used 
method of measuring distortion at 
several single frequencies, a 
method which is very tedious and 
may give results that are not truly 
representative . 

The 1902/ 2010 measures har
monic distortion, difference-fre
quency distortion and intermodula
tion distortion all to DIN 45403 and 
IEC 268-3 standards. Difference-fre
quency distortion and intermodula
tion distortion may also be mea
sured according to the CCIF and 
SMPTE methods, respectively . 

The 1902 provides tuning signals 
for the 2010 and generates the nec
essary test signals for swept meas
urement of distortion components 
up to fifth order, in the frequency 
range 2 Hz to 200 kHz. Distortion 
components down to typically 
-80dS can be measured. Together 
with one of the Level Recorders, 
Type 2305 or 2307, automatic anal
ysis of distortion can be performed 
and documented on preprinted fre
quency-calibrated paper. 



Principle of Operation 

Fig .1 shows the principle of opera
tion of the 1902 together with the 
2010. 

Type 2010 
The 2010 is a frequency selective 

measuring amplifier and a beat fre
quency oscillator, both normally in
terlocked to operate at the same fre
quency. It covers the frequency 
range from 2 Hz to 200 kHz and has 
six analysis bandwidths ranging 
from 3,16 Hz to 1000 Hz. For fur
ther information on Type 2010 see 
separate product data sheet . 

Type 1902 
The 1 902 is a two-tone generator 

which provides the necessary test 
signals for the measuring object, 
and a frequency synthesizer , provid
ing a control signal to tune the ana
lyzer section of the 2010 to the fre
quency of the desired distortion 
component. 

Description 

The 1902 is equipped with three 
push-button controlled mode 
switches, "Harmonic", "Difference
frequency" and "Intermodulation", 
for selection of the distortion mea
suring mode . A five-position DIS
TORTION ORDER switch together 
with two push-button switches, "+" 
and "-", select the distortion com
ponent to be tracked by the 2010. 
A frequency calibrated dial is used 
for setting frequency differences be
tween 20 Hz and 2 kHz when mea
suring difference-frequency distor
tion and for setting the lower test 
frequency when measuring inter
modulation distortion . 

As described above, the 1902 
consists of a two-tone generator 
and a frequency synthesizer. In the 
following text a short description of 
the operation of the 1902 is given. 

The clock frequency used in the 
1902 is the 1,2 MHz "Fixed Fre
quency" from the crystal-controlled 
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Fig.1. Interconnection of Type 1902 and Type 2010 

1902/2010 Combination 
When the 1902 is connected to 

the 2010 (Fig .1), the interlock be
tween the analyzer and oscillator 
sections of the 2010 is automati
cally released. This means that the 
oscillator section of the 2010 to
gether with the two-tone generator 
of the 1902 can be swept independ-
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ently of the analyzer section of the 
2010, which can now be tuned to 
the desired distortion component by 
the frequency synthesizer of the 
1902. The three cables (AO 0064) 
required for connection of the 2010 
to the 1 902 are supplied with the 
1902. 
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Fig.2. Simplified block diagram of the 1902 in the "Harmonic" mode 

oscillator of the 2010, thereby en
suring perfect synchronization be
tween the two instruments . 

In Figs .2, 3 and 4, simplified 
block diagrams of the 1902 in the 
different modes of operation are 
shown . Fig.5 shows the relative po
sition of the frequencies obtained 

from the 1902 in the different 
modes of operation and the corre
sponding analysis frequencies . 

Two-Tone Generator 
The generator consists basically 

of a voltage controlled oscillator 
(VeO), two modulators, an output 
amplifier and an attenuator. 



In the " Harmonic" mode the 
1,2 MHz " Fixed Frequency" and the 
1,2 to 1 MHz "Variable Frequency" 
from the 2010 are fed to one of the 
modulators, mixed and then filtered 
in a 250 kHz low-pass filter (see 
Fig .2) . The resulting signal (f2) will 
have the same frequency as the sig
nal from the BFO of the 2010. This 
frequency is indicated on the fre
quency counter display of the 
2010. From the modulator, the sig
nal is fed via the GENERATOR 
STOP switch to the output amplifier 
and the OUTPUT sockets . 

The signal (f2 ) is used in all 
modes of the 1902, and in the "Dif
ference-frequency" and "Intermodu
lation" modes, where two test 
tones are generated, it will always 
be the higher frequency of the two 
tones. See also Fig .5 . 

In the " Difference -frequency" 
mode a second tone, which follows 
the frequency of f 2 at a preset fre
quency difference below f2' is 
added . The frequency difference (f 0) 

is set by means of the front panel 
frequency control potentiometer, 
which controls a VCO operating at 
1,2MHz ±fo (see Fig.3) . This fre
quency is mixed with the " Variable 
Frequency" from the 2010 
(1,2MHz - f 2) in a modulator and 
filtered in a 250 kHz low-pass filter 
leaving the desired frequency com
ponent f, = f2 - fo . See Fig .5 . fo 
is adjustable in the frequency range 
20 Hz to 2 kHz . The two signals , 
f, and f2 ' are then summed in the 
output amplifier to have equal am
plitudes and an output voltage 
whose RMS value is the same as 
that of the single tone (f2) in the 
" Harmonic" mode . 

In the "Intermodulation " mode, a 
fixed low frequency tone (f,) is 
used in addition to the sweeping 
tone (f2) . The frequency of this (f,) 
tone can be set in the frequency 
range 20 Hz to 2 kHz by means of 
the front panel frequency control 
potentiometer . This tone (f,) is ob
tained by mixing the 1,2 MHz ± f 0 

from the VCO with the 1 ,2 MHz 
" Fixed Frequency" in a modulator 
and filtering in a 250 kHz low-pass 
filter leaving fo (= f,) . See Fig.4. f, 
and f 2 are then summed in the out
put amplifier, so that the amplitude 
of f, is four times the amplitude of 
f2 (12 dB higher) . See Fig . 5 . 
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Fig.3. Simplified block diagram of the 1902 in the " Difference-frequency" mode 
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Fig .4 . Simplified block diagram of the 1902 in the "Intermodulation" mode 

The test signal which is available 
at the standard B & K coaxial OUT
PUT socket of the 1902, can be var
ied continuously from 0 to 10 V 
using the OUTPUT VOLTAGE poten
tiometer or in 10 dB steps from 
100jiV to 10V using the ATIENUA
TOR . The amplitude linearity of both 
frequencies is better than ± 0,2 dB 
over the entire 2 Hz to 200 kHz fre
quency range . The output Imped
ance is either 6000 or 50 , depend
ing upon the setting of the ATIENU-

ATOR. The test signal is also avail
able at the coaxial BNC OUTPUT 
socket on the rear of the instrument 
(Fig.6) . An ADJUST potentiometer 
on the rear panel is provided for ad
justing the amplitude of f 2 . The ad
justment range is ± 1 dB . 

Two push -button switches, GEN
ERAToR STOP, are provided to 
switch off one or both of the test fre
quencies when setting up and ad
justing the test object . 
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Frequency Synthesizer 
The synthesizer which generates 

the control signal necessary to tune 
the analyzer section of the 2010 to 
any desired distortion component 
up to the fifth order in the fre
quency range 2 Hz to 200 kHz , con 
sists of two phase-locked loops 
(PLL) . The input frequencies to 
the synthesizer are the " Fixed Fre
quency" (1 ,2 MHz) and the " Vari 
able Frequency" (1,2 to 1,OMHz) 
from the 2010. The BNC input sock
ets for these signals are situated on 
the rear of the 1902 together with 
the BNC output socket for the con
trol signal, " External Variable Fre
quency" , for the 2010. See Fig .6 . 

In the " Harmonic" mode , the in 
put to the first PLL is the 1,2 MHz 
"Fixed Frequency". See Fig . 2 . The 
reference signal for the loop, which 
is 60 kHz, is derived from the 
1,2 MHz "Fixed Frequency" in the 
fixed frequency converter. The refer
ence Signal is multiplied by the dis
tortion order number n which is se
lected with the DISTORTION OR
DER switch . Thus the output of the 
PLL is 1,2 MHz + n x 60 kHz . This 
Signal is fed to the second PLL 
where the 60 kHz component is sub
stituted by f2 ' because the refer
ence frequency in this loop is 
60 kHz + f 2 . This gives an output 
frequency of 1,2MHz - n x f2 
which is the required signal for tun
ing the analyzer section of the 
2010 to the nth harmonic of f 2 . 
See Fig .5 . 

The use of the 60 kHz reference 
frequency in the PLLs has two ad
vantages: It permits simple fre
quency division to be employed for 
selection of the distortion order 
number and it gives the PLLs a fast 
response allowing the analyzer to 
track more rapidly than if the PLLs 
operated directly on the low fre
quency signal. 

In the even order "Difference-fre
quency" modes (n = 2 and 4). the 
operation of the first PLL is identical 
to the operation in the " Harmonic" 
mode, thus giving an output fre
quency 1,2 MHz + n x 60 kHz . How
ever, the second PLL now uses a 
reference signal, which is 60 kHz + 
fa , where fa is the frequency differ
ence set with the frequency control 
potentiometer . The PLL therefore 
substitutes the 60 kHz component 
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Fig .5 . Relative position of analysis frequencies of 2010, and test signal frequencies of 1902 in 
the three different modes of operation 

Fig.5. View of rear panel of 1902 

with f a, giVing an output frequency 
of 1,2MHz - n x fa . Thus with n = 
1, the 2010 will be tuned to the 
" 2-" distortion order component 
(f2 - f1 = fo) and with n = 2 , to 
the " 4- " component. that is the 
frequency difference and its second 
harmonic , respectively . See Figs .3 
and 5 . 

In the odd order " Difference-fre
quency" modes (n = 1, 3 and 5) the 
input to the first PLL is 1 ,2 MHz -
fa, which means that the output sig
nal will be 1 ,2 MHz - f2 + n x 

60 kHz . Again, the second PLL re
places the 60 kHz component with 
fa . Now, depending on whether the 
reference signal is 60 kHz + fa or 
60kHz - fa , the " +" or "-" distor
tion order component will be se
lected. The resulting analyzer con
trol signal will therefore be 1,2 MHz 

- f2 ± n x fa . The reference signal 
is chosen with the " +" and "-" 
push-button switches . It should be 
noted that in this mode the fre
quency dividers in the PLLs do not 
divide by the actual distortion order 
number. For example , the "3+" 
component lies 1 x fa above f 2, 
hence n must be one . Likewise for 
the "5+" and the "3- " compo
nents , n must be 2; and for the 
"5-" component the dividers must 
divide by 3 . See also Fig .5 . 

The operation of the frequency 
synthesizer in the "Intermodula
tion" mode (Fig.4) is virtually identi
cal to the operation in the odd order 
"Difference-frequency" mode , the 
only difference being that in the " In
termodulation" mode, the frequency 
dividers divide by the actual distor
tion order number n - 1 . 



Diagram indicating the relative posi
tion of the analysis frequencies of 
the 2010 and the test signal fre
quencies of the 1902 in the differ
ent modes of operation 

Frequency calibrated dial for setting 
the frequency difference between 
the test frequencies in the "Differ
ence - frequency" mode or setting 
the lower test frequency in the "In
termodulation" mode 

ATIENUATOR variable in 10 dB 
steps for selection of output volt
ages between 0,1 mV and 10 V. 
The output voltage is continuously 
variable with the OUTPUT VOL
TAGE potentiometer within each 
step . The source impedance is 
6000 . In the 10V/ 50-position 
the output voltage can be varied be
tween 0 and 10V and the source 
impedance is 50 

5-position rotary-switch for selec
tion of the order of the distortion 
component to be measured 

OUTPUT VOLTAGE potentiometer 
for continuous variation of the volt 
age , either within each step of the 
ATIENUATOR (6000 positions) or 
from 0 to 10 V (50 position) 

1 
n l~ 

..JL 
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Power On Gone"uot Stop 

" 12 

DIfference - frequency 12 - fl 

Bri.iel&K~r Intermodulalion 11 + 

Ou tput 
12!')1 

f2.no:tfl 

POWER ON indicator lamp 

GENERATOR STOP switches for 
switching off one or both test fre
quencies when setting up or adjust
ing the test object 

POWER ON switch 

Push -button operated mode 
switches for selection of the distor
tion measuring mode 

Standard 
socket 

B & K coaxial output 
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Distortion 
The distortion of the 1902/ 2010 

combination itself is very low. In 
the range from 100 Hz to 100 kHz 
the distortion is less than 0,02% 
and less than 0,03% in the range 
15 Hz to 200 kHz, measured on any 
distortion component in any mode . 
Second order and third order distor
tion is typically less than 0,01 % 
and fourth and fifth order less than 
0,004% . However, in the "Intermod
ulation" mode these figures may be 
improved by a factor of about three 
by inserting a high-pass filter be
tween the output of the test object 
and the input of the analyzer as 
shown in Fig .7, to filter out the test 
frequency fl . 

The 1902/ 2010 combination is 
self-checking, hence the output 
from the 1902 can be connected di
rectly to the input of the 2010 in 
order to measure the distortion re
sidual of the system in any mode . 

Examples of Use 
The great flexibility and versatility 

of the 1902/ 2010 combination al
lows detailed analysis of distortion 
to be carried out where this has pre
viously been very difficult or even 
impossible . 

The 1902/ 2010 combination is 
mainly intended for measurements 
on Hi-Fi-sound reproduction and re
cording equipment such . as micro
phones, loudspeakers, amplifiers, 
tape recorders, and telecommunica
tion equipment, and transm ission 
lines but it can also be employed in 
measurements on, for instance, 
pick-ups, hydrophones and projec
tors. 

In the following section, a few ex
amples of typical measuring set
ups, showing the possibilities of the 
system are given . 

Fig.8 shows a set-up which can 
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Fig.7. Extending the dynamic range of the 1902/ 2010 combination in the " Intermodulation " 
mode by means of a simple, high pass filter 

General 
The 1 902 is fully compatible with 

all Heterodyne Analyzers Type 
2010 currently being delivered. 
However, for some earlier models 
of the 2010, modifications may be 
necessary. For 2010s with serial 
numbers up to 401819, an addi
tional B & K socket (EXTERNAL VA-

Distortion Measurement 
Control Unit 1902 

RIABLE FREQUENCY 1,2 to 
1,0 MHz) must be added to the rear 
panel to permit external control of 
the analyzer section. In addition, all 
instruments up to serial number 
476289 require a modification of 
the COUNTING TIME switch in or
der to be able to read the frequency 
to which the analyzer is tuned . 

mechanical or electrical synchronization 
------------ ---, 

. - . --. 

.® .... it • ®. 
Heterodyne Analyzer 

2010 
Level Recorder 
2305 or 2307 

I 
I 
I 

_.1 

750348 

Fig.B. Set-up for analysis of distortion on a tape recorder 

be utilized for measurmement and 
analysis of harmonic, difference fre
quency or intermodulation distortion 
analyses on various types of equip
ment. By adding a Level Recorder 

Type 2305 or 2307, the 2010 can 
be swept automatically and the 
measurement or analysis can be 
graphically presented on frequency 
calibrated paper. 



Fig.9 shows an analysis of the dif
ference-frequency of 3rd order (-) 
of a Hi-Fi tape recorder recorded by 
means of the set-up shown in ·; 
Fig.B. 

In the set-up in Fig .10, the 
1902/ 2010 are employed in mea
suring and recording the distortion 
characteristics of a loudspeaker . Effi
cient loudspeakers can be driven di
rectly by the 1902, while less effi
cient loudspeakers require a power 
amplifier. Due to small dimensions 
and wide frequency range, a 1/ 2" 
Condenser Microphone, such as 
Type 4133, is preferred on the re
ceiving side of the set-up . 

The 1 902 may also be employed 
in microphone measurements. 
Fig.11 shows a set-up which will 
be very suitable for measurement of 
the intermodulation and difference
frequency distortion characteristics 
of microphones . Two loudspeakers 
are used, one for each test fre
quency, in order to eliminate the dif
ference frequency and intermodula
tion distortion of the loudspeaker it
self . The test frequency f2 is ob
tained directly from the 2010, 
while the f1 signal is supplied from 
the output of the 1902, with the f2 
signal switched off by means of the 
GENERATOR STOP switch . 
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Fig .9 . Difference-frequency analysis recorded with the set-up in Fig.S 
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Fig .11 . Set-up for recording intermodulation and difference-frequency distortion analyses of 
a microphone 
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Specifications 1 902 
GENERATOR 

Input from 2010 (BNC): Sweep Characteristics: Direct Output: 
Fixed Frequency: 1,2MHz (clock fre- Linear or logarithmic . (see Product Data Output Voltage: o to 10 V continuously 
quency) for Type 2010) variable 
Variable Frequency: 1 ,2MHz to Maximum Output Current: 40 mA peak 
1,OMHz Amplitude Linearity of f1 and f2 : (short circuit protected) 

± 0 ,2 dB from 2 Hz to 200 kHz Maximum Output Power: 500mW into 
Test Signals: 2000 

Harmonic Mode: Single tone (f2) sw ept Noise and Hum: Output Impedance: 50 (unbalanced) 

from 2 Hz to 200 kHz <-70dB (2 Hz to 200kHz) DC Offset: < ± 50 mV 

Difference-frequency Mode: Two tones 
(fl and f2) with a f ixed frequency differ- Attenuator Output: Frequency Dial : 
ence adjustable from 20Hz to 2 kHz, Output Voltage: 100/lV to 10V, vari - Intermodulation Mode: Sets fl from 

swept from 2 Hz to 200 kHz. The tones able in steps of 10 dB and continuously 20 Hz to 2 kHz 
are of equal amplitude variable within each step Difference-frequency Mode: Sets f2 -
Intermodulation Mode: Two tones, one Accuracy of Steps: ± 0 , 1 dB re 1 OV po- fl from 20 Hz to 2 kHz 
fixed (fl) and one swept (f2) from 2 Hz to sition Accuracy: ± 4% 
200 kHz. fl is adjustable from 20 Hz to Output Impedance: 6000 (u nba la nced) 
2 kHz and is 12 dB higher than f2 in all attenuator positions 

FREQUENCY SYNTHESIZER 

Input from 2010 (BNC): Output to 2010 
Fixed Frequency: 1,2MHz (clock f re- External Variable Frequency: 1,2MHz 
quency) to 1 ,0 MHz to tune the 2010 to the se -
Variable Frequency: 1,2MHz to lected distortion component in the fre-
1,OMHz quency range 2 Hz to 200 kHz . See the 

table 

190212010 SYSTEM 

Measuring Modes: 
Harmonic, difference-frequency and in- Mode Switch Distortion Order Test Frequencies Analysis Frequency 

termodulation distorti on up to 5th order. Position Switch Position (1902) (2010) 

All distortion components are measured 1 f2 
individually . See the table 

2 2 x f2 

Distortion of 1902 / 2010 System: Harmonic 3 f2 3 x f2 

< 0 ,02% from 100 Hz to 100 kHz 4 4 x f2 

< 0 ,03% from 15 Hz to 200 kHz 5 5 xf 2 
(any component in any mode) 1 f2 f2 

Typical Distortion of the System: + 3 2f2 - fl 

2nd or 3rd Order Distortion: < 0 ,01 % 5 f2 and fl 3f2 - 2fl 
4th or 5th Order Distortion : < 0 ,004% Difference 

2 f2 - f l 
frequency 

Maximum Sweep Rate: 3 2fl -f2 
- Amplitude ratio: 

5 sl decade while maintaining phase- lock 4 
fl :f2 = 1:1 

2f2 - 2fl 

(maximum paper speed of 10mmls on 5 3fl - 2f2 

Level Recorder Type 2305 or 2307) 1 f2 f2 

Analyzer Inputs and Filter characteristics : 
2 f2 + fl 

See Product Data for Type 2010 + 3 f2 and fl f2 + 2fl 

4 f2 + 3fl 

Temperature Range: Intermodulation 5 f2 + 4fl 
10° to 40°C (50° to 140° F) 

2 f2 - f l 

Power Supply: 3 
Amplitude ratio: 

f2 - 2fl 
-

100, 115, 127, 150, 220, 240 V AC 4 f2 :fl = 1:4 f2 - 3f l 
50 to 60 Hz line frequency 5 f2 - 4fl 

Power Consumption: 
Approximately 25 W Dimensions (A-Cabinet): Accessories Included : 

Height: 133 mm (5 ,2 in) 3 Cables AO 0064 
Cabinet: Width : 380 mm (15 in) 1 B & K Coaxial Plug JP 0101 

Supplied as model A (light-weight metal Depth: 200 mm (7 ,9 in) 1 BNC Plug JP 0035 
cabinet), B (model A in mahogany cab- 2 Banana Plugs JB 0002 
inet) or C (as A but with flanges for Weight: 1 Power Cord 
standard 19" racks) 5 ,8 kg (13Ib) 

\ 



2.1. FRONT PANEL 

, ,~ . , 

POWER ON: 

FUNCTION SELECTORS: 

"+" and "-" Switch: 

DISTORTION ORDER: 

2. CONTROLS 

Fig. 2. 1. Front panel of the 1902 

Power is on when the switch is "up" and the white indicator lamp 
should light. Warm-up time is less than 10 s. 

"Harmonic": The 1902 generates a single tone output signal at a fre
quency (f 2) equal to the frequency of the Beat Frequency Oscillator 
(BFO) of the 2010. The analyzer section of the 2010 is automatically 
tuned to the harmonic of f2 selected by the DISTORTION ORDER 
switch. The "+" and "-" switch does not have any influence in this 
mode . 

"Difference-frequency": The 1902 generates two equal amplitude 
signals, f, and f 2' which have a constant frequency difference set by 
the FREQUENCY CONTROL of the 1902. The higher frequency, f2' fol
lows the frequency of the BFO of the 2010. The analyzer section of 
the 2010 is tuned to the distortion component selected by the DISTOR
TION ORDER and "+" and "-" switches. The relationships between 
these frequency components are given in Chapter 1 and indicated in 
the chart on the front panel of the 1902. 

"Intermodulation": The output of the 1 902 generates two tones. The 
lower tone, f" is set by the FREQUENCY CONTROL of the 1 902. The 
upper frequency tone, f2' follows the frequency of the BFO of the 
2010. The amplitude of f, is 12 dB higher than f 2 . The analyzer sec
tion of the 2010 is tuned to the distortion component selected by the 
DISTORTION ORDER and "+" and "-" switches . 

Selects the + or - distortion components in the Difference-frequency 
and Intermodulation modes as defined by the chart on the front panel 
of the 1902. This switch is automatically set to "-" in the second and 
fourth Difference-frequency orders . 

Selects the distortion order of the signal to be measured . In the setting 
"1" the lower frequency signal, f" is removed. 
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FREQUENCY CONTROL: 

OUTPUT VOLTAGE: 

ATIENUATOR: 

GENERATOR STOP: 

OUTPUT: 

METAL STAND: 

2 .2. REAR PANEL 

ADJUST Vf1 : 

OUTPUT: 

Logarithmic potentiometer for setting the frequency of f 1 in the Inter
modulation mode and the difference frequency, f 2 - f l' in the Differ
ence-frequency mode . 

Potentiometer for setting the output voltage of the 1902. The RMS out
put voltage is the same in all three modes of the instrument. 

Precision output attenuator covering a 100 dB range in 10 dB 
(± 0,1 dB) steps. The output voltages shown are the nominal maximum 
output voltage with the OUTPUT VOLTAGE potentiometer nearly fully 
clockwise . The source impedances are also indicated. 

Switches for turning either or both of f 1 and f 2 off. f 1 is automatically 
turned off in the Harmonic mode. 

14 mm B & K socket giving the output signals . Accepts plug JP 0101. 
Note the additional 4 mm ground socket to the right of the OUTPUT 
socket. This socket permits use of standard banana plugs. The OUT
PUT socket has a parallel BNC connection on the rear panel. 

The metal stand under the front of the instrument may be used to 
raise the 1902 for better viewing and operating convenience. 

Fig. 2 . 2 . Rear panel of the 1902 

Multi-turn potentiometer for fine adjustment of the amplitude of f 1 
over a ± 1 dB range . 

BNC socket connected in parallel to the front panel OUTPUT socket. 

The following three BNC sockets must be connected to the sockets of the Heterodyne 
Analyzer Type 2010 which carry the same labeling . 

VARIABLE FREQUENCY: 

EXTERNAL 
VARIABLE FREQUENCY: 
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Socket for connection of the 1,2 MHz to 1,0 MHz signal from the 
2010. The frequency of this signal is proportional to the BFO fre
quency of the 2010 and is used in the 1902 to generate f 2 . 

Socket providing the 1,2 to 1,0 MHz tuning signal to control the ana
lyzer section of the 2010. This connection automatically disconnects 
the internal analyzer control signal in the 2010. 



FIXED FREQUENCY: 

FUSE AND VOLTAGE 
SELECTOR: 

POWER INPUT: 

Socket accepting the 1,2 MHz signal from the 2010 which is the mas
ter clock frequency of the system. 

To select the proper mains voltage, unscrew the fuse and turn the 
black bush so the correct mains voltage (± 10%) is indicated. A 
200 mA fuse is provided for 1 50 to 240 V operation and a 315 mA 
fuse for 100 to 127 V operation. Any mains frequency from 50 Hz to 
60 Hz may be used . 

Power socket for connection of mains and ground . Mains cable AN 
0010 is delivered without a plug to permit fitting of appropriate plug to 
suit local conditions . Note the color code given in Fig .2.3 . 

Blue Neutra l 

Brown 
~~p~f;er 'V 

Live 

[ I I_ J 

Green and Yellow Ground 

172246 

Fig. 2. 3 . Connections to the POWER INPUT socket 
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3. OPERATION 

3.1. PRELIMINARY 

Check that the proper line voltage and fuse are selected as described in sec~ion 2.2 . 

Connect the three sockets on the rear of the 1902 

Fixed Frequency 
Variable Frequency 

and External Variable Frequency 

to the corresponding sockets on the rear of Heterodyne Analyzer Type 2010. Use the 
three cables (AO 0064) provided . 

If necessary, adjust the potentiometer (Adjust Vf 1) to give the precise amplitude relation
ship desired between the two test tones. 

3.2. DEFINITION OF DISTORTION ORDER 

12 

For harmonic distortion, the Distortion Order equals the harmonic numbers . 

In the Intermodulation mode, the resulting distortion products will always be a sum or 
difference between the two test tones or their harmonics and can be expressed in the 
form 

where m and n are integers and f 1 and f 2 are the frequencies of the test tones. The Dis
tortion Order then equals the sum, m + n. The sign determines whether the distortion 
component is a sum or difference component. 

Difference-frequency distortion is a special case of intermodulation distortion and only 
considers the components which are the difference between the two test frequencies or 
their multiples 

Again, the Distortion Order is equal to the sum , m + n . However, the sign of the Distor
tion Order is defined in a special way for the 1902. A plus sign (+) indicates that the dif
ference-frequency component lies above the higher test tone f2' while a minus sign (-) 
indicates that the component lies below f 2 . 

The chart on the front panel designates the distortion components according to these def
initions . 



3.3. OPERATION 

It is assumed that the user of the Distortion Measurement Control Unit Type 1902 is fa
miliar with the operation of the Heterodyne Analyzer Type 2010 which is described in 
full detail in its own Instruction Manual. Therefore, only a brief description of the pri
mary operational features of the 2010 as used with the 1902 and a Level Recorder will 
be given here (Fig.3.1). 

t • 0000 

1~~~~~~------+------l ••..•.• oeooo 

;=! Test Object 

.@ ", "i" 
mechanical or electrical synchronization 

r~~ 
----------------, 

.t •• : •• , 
Heterodyne 

Analyzer 2010 

Fig. 3. 1. Typical instrument set-up using the 1902 

I 
I 
I 
I 

750651 

The 2010 contains both an oscillator and a narrow-band analyzer which may be oper
ated totally independently of each other when used with the 1902. The three-position 
COUNTING TIME switch on the 2010 (serial numbers higher than 476289) permits dis
play of the frequency to which either the oscillator or the analyzer is tuned. 

In a typical instrument set-up, a Level Recorder controls the sweep of the Beat Fre
quency Oscillator (BFO) in the 2010. The BFO signal is fed to the 1902 where the two
tone signal is generated . The 1902 also uses the BFO signal in generating the control 
signal to tune the analyzer section of the 2010 to the frequency of the chosen distortion 
component . 

The two-tone signal from the 1902 is fed through the object under test to the input of 
the 2010 which then measures the voltage of the given distortion component. The out
put of the 2010 is connected to the Level Recorder to give a permanent record of the dis
tortion as a function of frequency. 

Guidelines on Operation 

1. The distortion residual of the system may be checked in any mode by connecting the 
output of the 1902 to the input of the 2010 and plotting the result on the Level Re
corder . In most cases, this will permit measurements to distortion levels lower than 
the instruments are specified. The specifications of the system are only valid at full 
scale deflection of the 2010 in the "Linear" mode which also is the reference level. 

2 . The distortion reference level using this instrument set-up is normally the RMS 
value of the test signal. However, certain standards state that the reference level 
should be taken as the RMS voltage of the sine which has the same peak value as 
the two-tone test signal. If this rule is used, the reference level will be 3 dB higher 
than the RMS voltage of the difference-frequency test signal (assuming equal ampli
tude signals), and 1,7 dB higher than the RMS voltage of the intermodulation test 
signal (assuming a 4 to 1 amplitude ratio). 
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3. The upper frequency limit of the analyzer is 200 kHz. Hence second harmonic distor
tion measurements are limited to a maximum test tone frequency of 100 kHz, third 
harmonic to 67 kHz, etc . 

4 . Usually a 10Hz bandwidth is well-suited for most measurements. A narrower band 
width is only necessary when measuring distortion components extremely close to 
the fundamental. The narrower bandwidth will also result in a slower response time 
of the filter, requiring a lower sweep rate . Although a bandwidth greater than 10Hz 
gives faster response time, it may be more noise sensitive and have less dynamic 
range . 

5 . For measurements on amplifiers with relatively uniform response, sweep speeds of 
3 to 10 mm / s may be used with a bandwidth of 10Hz. For loudspeaker measure
ments, slower sweeps may be necessary, depending on the "peakiness" of the loud
speaker response curve . 

6. For measurements on power amplifiers, the input of the 2010 must be connected di
rectly at the output terminals of the power amplifiers , and not at the load . This is be
cause any voltage drop in the wires to the load will result in an erroneous measure
ment. 

7. For measurements on systems with a time delay (such as tape recorders) the sweep 
must be slow enough so the analyzing filter has not moved on to a higher frequency 
before the distortion component has passed through the system . 

8. If there is a frequency variation introduced by the system under test (such as wow 
and flutter of a tape recorder), the filter must be wide enough to always include the 
varying frequency . For example, a 3,16 Hz bandwidth at 10kHz is too narrow for 
use with many tape recorders and will result in unstable readings, whereas a 10Hz 
bandwidth normally gives acceptable results . 

9. The dynamic range of the system may be improved in the intermodulation mode by 
adding a high pass filter after the object under test. The filter attenuates the lower 
frequency tone, f 1, and hence permits the input gain of the 2010 to be increased 
12 dB . 

10. In the Difference-frequency and Intermodulation modes, some seemingly strange re
sults may at times be obtained at the lower frequencies . This results because the fre
quencies generated sometimes are folded around zero Hz . For example, if a differ
ence frequency of 100 Hz is chosen and f2 is set to 75 Hz, then f, will be 75 -
100 = -25 Hz - which physically is 25 Hz. 

11. When changing modes of the 1902 it is normal for a short duration "birdie" to ap
pear in the output of the 1902 as it locks onto the new frequencies . It should also 
be noted that when the 2010 sweeps into the blank zone, a high frequency signal 
will remain on the output of the 1902. 

Many of these topics are treated in greater detail in the Bruel and Kjeer Application Note 
No . 15-098 "Swept Measurements of Harmonic, Difference-frequency, and Intermodu
lation Distortion" which can be obtained from Bruel & Kjeer or its agents upon request . 



BROEL & KJA:R instruments cover the whole field of sound and vibration measurements. The main groups are: 

ACOUSTICAL MEASUREMENTS 
Condenser Microphones 
Piezoelectric Microphones 
Microphone Preamplifiers 
Hydrophones 
Sound Level Meters 
Precision Sound Level Meters 
Impulse Sound Level Meters 
Noise Dose Meters 
Noise Level Analyzers 
Standing Wave Apparatus 
Calibration Equipment 
Reverberation Processors 
Sound Sources 

ACOUSTICAL RESPONSE TESTING 
Sine Generators 
Random Noise Generators 
Sine-Random Generators 
Artificial Voices 
Artificial Ears 
Artificial Mastoids 
Hearing Aid Test Boxes 
Audiometer Calibrators 
Telephone Measuring Equipment 
Audio Reproduction Test Equipment 
Tapping Machines 
Turntables 

VIBRATION MEASUREMENTS 
Accelerometers 
Force Transducers 
Impedance Heads 
Accelerometer Preamplifiers 
Vibration Meters 
Accelerometer Calibrators 
Magnetic Transducers 
Capacitive Transducers 
Complex Modulus Apparatus 
Bump Recorders 

VIBRATION TESTING 
Exciter Controls - Sine 
Exciter Controls - Sine - Random 
Exciter Equalizers, Random or Shock 
Exciters 
Power Amplifiers 
Programmer Units 
Stroboscopes 

STRAIN MEASUREMENTS 
Strain Gauge Apparatus 
Multipoint Selectors 

MEASUREMENT AND ANALYSIS 
Voltmeters 
Phase Meters 
Deviation Bridges 
Measuring Amplifiers 
Band-Pass Filter Sets 
Frequency Analyzers 
Real Time Analyzers 
Heterodyne Filters and Analyzers 
Distortion Measuring Equipment 
Psophometers 
Statistical Distribution Analyzers 
Tracking Filters 

RECORDING 
Level Recorders 
Frequency Response Tracers 
Tape Recorders 
Alphanumeric Printers 
Digital Event Recorders 

DIGITAL EQUIPMENT 
Computers 
Tape Punchers 
Tape Readers 

Bruel & Kjcer. DK-:(850 NtERUM, DENMARK · TELEPH .: (02 ) 80 05 00 . CABLE : BRUKJA, COPENHAGEN · TELEX : 15316 
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